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Preface to the Fourth Edition

The last few years have witnessed a rapid progress in the field of Community Medicine. There was a felt need
for publication of an updated fourth edition of this book after a gap of couple of years. Many new concepts
have arisen and much more modifications have been incorporated over the past strategies. We think this edition
will also meet the expectations of the medical and nursing students, as well as the students of Public Health,
teachers of Community Medicine and the program implementers of health services.

Almost all the chapters have been thoroughly revised and updated; notably among those are epidemiology,
communicable and noncommunicable diseases, MCH and family planning, management, demography and vital
statistics, disaster, biomedical waste management, food and nutrition, immunization, geriatrics, communication,
etc. National Health Programs have also been thoroughly revised and updated. New data have been incorporated,
wherever applicable. Latest SRS and census data have also been included. Various domains that are of
importance, both in theory, practical and viva of MBBS examination have been highlighted with examples and
justification. Many postgraduate study materials have also been incorporated with references for further reading.
Various flow charts, diagrams and pictures have been introduced for clarity of understanding. Students will be
benefited for their preparation in answering MCQ for their Postgraduate Entrance Examination.

It is our earnest hope that fourth edition of this textbook will help the MBBS, Postgraduate aspirants,
Postgraduate students and the students of other public health disciplines. We will be grateful to the students and
the teachers for their valuable feedback, comments and constructive criticism. We will acknowledge and will try
our best to address those issues in the subsequent editions.

Rabindra Nath Roy
Indranil Saha



Preface to the First Edition

Preventive and social medicine is one of the most important subjects in the curriculum of a medical student.
Unlike other subjects, preventive and social medicine, community medicine and community health are the concern
not only of those specializing in these fields but of all others in the medical profession, including those engaged
in active clinical care as well as the health administrators. As a matter of fact, the subject is of serious concern
to all interested in human health and welfare, whether in the medical profession or not. The present book is
patterned on the earlier book Preventive and Social Medicine in India by Professor BK Mahajan, published in
1972. However, the marked developments in the subject during the last 20 years have necessitated extensive
changes and additions. Hence, this volume is presented as a new book in its first edition. The entire approach
is epidemiological and the subject matter is presented in a linked and continuous manner. The language and
style are simple, and attractive with emphasis on practical aspects which may be of utility not only to PHC medical
officers and health administrators but even to general practitioners.

The whole book is divided into four parts. The first part deals with the general aspects of preventive and
social medicine and its scope. The second part, comprising two-thirds of the book, is built around the
epidemiological triad. The third part deals with demography, vital statistics and biostatistics. The fourth part is
devoted to health care of different groups, and includes detailed discussion of primary health care, health policy
and the relation between health and development. The above division is objective and purposeful. It makes
the reader familiar with the essential course content of community medicine, inculcates in him the epidemiological
approach to health and disease, and prepares him to practise family medicine as a family physician. A chapter
on general practice has been added for this purpose.

Though the book is primarily written for the undergraduate students, it would be of use to the postgraduate
students as well. The number of references has been kept to a minimum. Only those references have been
included which substantiate a controversial or less widely-known point, or which relate to recent work or review.

Inter-relation between health and development, health manpower planning, communicable disease
epidemiology in natural disasters, mental health program and the program for control of acute respiratory infections
have been discussed in detail. The national ICDS program has been given adequate coverage. Care has been
taken to include practical aspects in relation to diagnosis and management of leprosy, which may have to be
tackled by many PHC medical officers and general physicians. Special attention has been paid to the chapters
on social environment, host factors and health, noncommunicable diseases, food and nutrition, demography
and vital statistics, health policy, planning management and administration, primary health care, health education,
information and communication, maternity and child health, school health, geriatrics, mental health and health
service through general practitioners so as to present the concerned topic in a most up-to-date and easily
comprehensible manner.

Some sections, such as those relating to water supply and disposal of wastes, could have been reduced further
by omitting certain details; the latter have been retained in view of the requirement of public health administrators.
The existing curricula of various universities, as also the suggestions from eminent professors, have been given
due consideration while preparing this book. We shall feel amply rewarded if this book is found useful for students,
teachers, public health administrators and PHC medical officers.

We are grateful to a large number of colleagues in different parts of India, who spared their valuable time
and effort to go through the manuscript, offered constructive suggestions and incorporated appropriate changes
wherever necessary. These include Professor YL Vasudeva and Professor Sunder Lal (Rohtak), Professor RD
Bansal and Professor SC Chawla (LHMC, Delhi), Professor OP Aggarwal (UCMS, Delhi), Professor G Anjaneyulu
(Hyderabad), Dr GS Meena (MAMC, Delhi), Professor IC Verma, Dr Bir Singh and Dr Ravi Gupta (AIIMS, Delhi),
Dr GVS Murthy and Dr K Madhavani (Wardha), Dr LN Balaji (UNICEF) and Professor KK Wadhera (CMC,
Ludhiana). Professor Bansal, Professor Anjaneyulu and Professor Wadhera, in particular, took special pains to
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go through the entire manuscript critically at various stages of preparation. We owe special gratitude to Professor
G Anjaneyulu, for writing a foreword to the first edition for the book after going through the entire manuscript.

We are thankful to the American Public Health Association, Washington, and the Institute of Health and
Nutrition, Delhi, India for permission to reproduce certain portions of the text from their publications. Reference
to original source has been made wherever this has been done. We must thank to M/s Jaypee Brothers Medical
Publishers (P) Ltd, New Delhi, India, who have done a marvellous job in record time, in spite of delay from
our side. We must also acknowledge the contribution of our typists Shri Rameshwar Dayal and Shri Murli Manohar,
whose excellent typing skills greatly reduced the drudgery associated with drafting and redrafting of a manuscript.
Lastly, we must express our heartfelt thanks and indebtedness to our wives who silently, and sometimes not
so silently, suffered—their husbands continuously lost in books, papers and proofs in utter disregard of their
domestic responsibilities.

MC Gupta
(Late) BK Mahajan
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Evolution of Preventive and
Social Medicine

Preventive and Social Medicine is comparatively a
newcomer among the academic disciplines of medicine.
Previously it was taught to medical students as hygiene
and public health. This name was later changed to
preventive and social medicine when it was realized that
the subject encompassed much more than merely the
principles of hygiene and sanitation and public health
engineering. The name preventive and social medicine
emphasizes the role of: (a) disease prevention in general
through immunization, adequate nutrition, etc. in
addition to the routine hygiene measures, and (b) social
factors in health and disease.

The name preventive and social medicine has gained
wide acceptance in the past twenty-five years or so
because of its broader and more comprehensive
outlook on medicine, integrating both prevention and
cure. Today, it implies a system of total health care
delivery to individuals, families and communities at the
clinic, in the hospital and in the community itself.

Historical Background

During last 150 years, there have been two important
“revolutions”. The industrial revolution in 1830 was
associated with the discovery of steam power and led
to rapid industrializations, resulting in concentration of
wealth in the cities and, consequently, migration from
rural to urban areas. The net result was that on the one
hand the villages were neglected and, on the other, the
towns and cities witnessed rapid haphazard expansion,
often leading to creation of urban slums. These changes
brought in their wake and more complex health
problems in rural as well as urban areas which ultimately
led to development of the concept of public health. The
social revolution occurred around 1940, during the
Second World War. The social revolution brought into
force the concept of ‘Welfare State’. It envisaged the
total well being of man, paying major attention to the
forgotten majority living in the villages. It was aimed at
fighting the three enemies of man—poverty, ignorance
and ill-health on a common platform. This followed the
realization that health was not possible without

improvement in economic condition or education and
vice versa.

Among the developing countries, India gave a lead
for bringing about the total well being of rural people
by instituting the remarkable Community Development
Program (1951). For intensive all-round development,
the country was divided into Community Development
Blocks in which ill-health was to be fought through the
agency of primary health centers as recommended by
the Bhore Committee. It may be mentioned that the
concept of public health was fairly well developed in
ancient Indian. Adequate proof of community health
measures adopted during Harappa Civilization as far as
5000 years ago has been found in the old excavations
at Mohenjo-Daro and at Lothal near Ahmedabad in the
form of soakpits, cesspools and underground drainage.

Public Health, Preventive
Medicine, Social Medicine and
Community Medicine

Traditionally, a young man planning to enter the medical
college has in mind the picture of a patient in agony,
in relieving whose suffering by medicines he considers
himself to be amply rewarded. He always thinks of
alleviating the suffering of a patient but rarely about the
prevention of such suffering at the level of the individual
patient, his family or his community. No doubt he has
to play a very important role in meeting the curative
needs of society but that is not all. The community in
the past has felt satisfied with that curative role. But now
the developing society, in India and elsewhere, expects
much more from the doctor, and the people are
gradually becoming more and more conscious of their
health needs. These varied expectations are reflected
in the fact that the subject has been practised in the past
under different names as discussed below.

Public Health

It was defined by Winslow (1851) as the science and
art of preventing disease, prolonging life and promoting
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health and efficiency through organized community
measures such as control of infection, sanitation, health
education, health services and legislation, etc. Public
Health developed in England around the middle of the
nineteenth century. Edwin Chadwick, a pleader, the
then Secretary of Poor Law Board (constituted under
Poor Law Act passed in 1834) championed and cause
of community health and the first Public Health Act was
passed in 1848. This signified the birth of public health.
Public Health in India followed the English pattern
but the progress was extremely slow during the British
regime. It started after 1858 when a Royal Commission
was sent to find the reasons for heavy morbidity and
mortality among European troops in India due to
malaria and some other preventable diseases. The
Public Health Departments started as vaccination
departments and later as Sanitation Departments at the
Center as well as in the Provinces around 1864. There
was a long tussle whether the Sanitation or Public Health
Department should be responsible directly to the
Government or to the Surgeon General-in-Charge of
Hospitals and Medical Education. It took almost 40
years for the British Government to decide in 1904 that
Public Health Departments should function separately.
The designations of Sanitary Commissioner and Assistant
Sanitary Commissioner were changed to those of
Director and Assistant Director of Public Health. Thus
curative and preventive departments worked separately
as Medical and Public Health Departments. This conti-
nued in India even after independence for some time,
though the idea of integration started at the beginning
of the Second World War. A recommendation to this
effect was made by the Bhore Committee in 1946.

Preventive Medicine

Preventive medicine developed as a specialty only after
Louis Pasteur propagated in 1873 the germ theory of
disease followed by discovery of causative agents of
typhoid, pneumonia, tuberculosis, cholera and
diphtheria within the next decade. It gained further
impetus during subsequent years from the following
developments:

* Development of several specific disease preventive
measures before the turn of the century (antirabies
treatment, cholera vaccine, diphtheria antitoxin and
antityphoid vaccine).

e Discovery and development of antiseptics and
disinfectants.

e Discovery of modes of transmission of diseases
caused by germs. Transmission of malaria, yellow
fever and sleeping sickness had been elucidated
before the turn of the century.

It may be said in retrospect that when public health
gained roots with the passage of the Public Health Act,
the emphasis was on environmental sanitation alone.

With the advent of the specialty of preventive medicine,
emphasis was also given to prevention of diseases.
These included not only infective diseases but also others
such as nutritional deficiency diseases.

Social Medicine

It is defined as the study of the man as a social being

in his total environment. It is concerned with the health

of groups of individuals as well as individuals within
groups. The term social medicine gained currency in

Europe around 1940.

In 1949, a separate department of Social Medicine
was started at Oxford by Professor Ryle. The concept
of social medicine is based upon realization of the
following facts:

* Suffering of man is not due to pathogens alone. It
can be partly considered to be due to social causes
(social etiology).

e The consequences of disease are not only physical
(pathological alterations due to pathogens) but also
social (social pathology).

e Comprehensive therapeutics has to include social
remedies in addition to medical care (social
medicine).

* Social services are often needed along with medical
care services.

Interest in social medicine began to decline with the
development of epidemiology. The Royal Commission
on Medical Education substituted in 1968 the term
social medicine by community medicine in its report
(Todd Report).

Preventive and Social Medicine

As clarified above, preventive medicine and social medi-
cine cover different areas, though both are concerned
with health of the people. This is why the combined
name Preventive and Social Medicine was suggested to
provide a holistic approach to health of the people. This
name was preferred to the earlier name public health
because the former had come to be visualized as a
discipline dealing mainly with sanitation, hygiene and
vaccination. However, the term public health has now
once again become fashionable in England.!

Community Medicine

It has been defined as “The field concerned with the
study of health and disease in the population of a
defined community or group. Its goal is to identify the
health problems and needs of defined populations
(community diagnosis) and to plan, implement and
evaluate the extent to which health measures effectively
meet these needs”.? Broadly, one could state that
community medicine, while encompassing the broad



scope of preventive and social medicine, lays special
emphasis on providing primary health care.

It may be remembered that five of the eight compo-
nents of primary health care, as described later in
Chapter 28, are related to clinical activities. The modern
day message is that the discipline variously labelled in
the past as public health or preventive and social
medicine cannot be divorced from health care, including
clinical care of the community. It is in recognition of this
wider role that the Medical Council of India has recently
decided to label the discipline as Community Medicine
in place of Preventive and Social Medicine. In a recent
case decided by the Supreme Court of India the issue
was whether the Department of Preventive and Social
Medicine in a Medical College is a Clinical or Paraclinical
Department. It was held that it is a Clinical Department.

Some milestones and history of public health:

e Father of Indian surgery: Sushruta

 First distinguished epidemiologist: Sydenham

* Great sanitary awakening: Edwin Chadwick

¢ Father of public health: Cholera

« Deprofessionalization of medicine: Primary health care

« First vaccine developed: Smallpox

« Term vaccination: Edward Jenner

* Term vaccine: Louis Pasteur

« Citrus fruits in prevention of scurvy: James Lind

¢ John Snow: Cholera

¢ William Budd: Typhoid

* Robert Koch: Anthrax

¢ Germ theory of disease: Louis Pasteur

» Multi-factorial causation of disease: Pattenkoffer

» Social medicine: Virchow

¢ Growth chart: First designed by David Morley

« First country to socialize medicine completely: Russia

e First country to introduce compulsory sickness insurance:
Germany

« Father of Medicine: Hippocrates (Greatest physician in Greek
medicine)

» Father of Indian Medicine: Charak

¢ Concept of bare foot doctors and accupuncture: Chinese
medicine

¢ Yang and Yin principle: Chinese medicine

« Father of surgery: Ambroise Pare
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Basic Conceptsin
Community Medicine

In this chapter, we will first consider why should a
medical student study community medicine. Then we
shall discuss the basic concepts related to health, disease
and prevention.

Why to Study Community
Medicine?

Before the student starts studying community medicine,
he must have motivation to study it. Motivation can follow
only when he can get a clear answer to the question—
“I want to become a doctor, treat patients and reduce their
suffering. Why should I study community medicine at all”?
Let us try to answer this question. Some of the reasons
why a medical student should take interest in community
medicine and study it seriously are given below:

Treatment of patients: A doctor’s aim should be to
treat a patient, not to treat a disease. For example, a
patient may present to a doctor with malnutrition,
tuberculosis or diarrhea. The doctor’s responsibility does
not end with prescribing nutritious diet, antitubercular
drugs or fluid therapy. If he does so, he would merely
be treating a disease episode, not the patient. In order
to understand this better, let us imagine three scenarios.
1. Imagine yourself sitting in a busy pediatric outpatient
clinic. A mother has just brought in her fifth child,
a boy aged two years. He has sunken eyes, wizened
appearance, wasted muscles, pot belly, bow legs and
a skin and bones appearance. You chide the mother
for her “uncaring attitude” and ignorance and scold
her for coming so late. You prescribe a dose of
vitamin A and an antihelminthic, give cursory advice
on nutrition and send her away. The case sheet is
closed and you call out the next patient. You learn
after 6 months that the child died some time ago.
2. Imagine a different scenario. This time you are sitting
in a busy medical OPD. A 30-year-old mother of
three children presents with cough of three months
duration, loss of weight, hemoptysis and continuous
fever. You put your stethoscope to her chest and
before you have time to blink your eyes, the diagnosis
stares you in the face. You prescribe antitubercular
drugs, record the notes and send her to the
dispensary, expecting the staff there to give her

detailed information about the medication. When the
child and woman come back a few months later in
a worse condition with the same recurrent problem,
your conscience is pricked. Now it becomes obvious
that there is something wrong with the system. Medical
care itself is not sufficient. Individual illness is itself
symptomatic of a wider social malady afflicting the
individual, the family and the community.

3. Let us now look at the situation existing in many of
our remote, ill connected villages. In a small hamlet
cut off from modern civilization, a male infant aged
eight months, the only child of his parents and the
fond hope of his grandparents, suffers from diarrhea.
There are no trained health functionaries in the
village. The nearest hospital is 35 kilometers away.
The parents, being landless laborers, have no means
to reach the nearest hospital. Within 12 hours the
child’s condition becomes critical. The mother gives
the child some herbal decoctions as advised by the
local dai. The result: no improvement. Within another
six hours the child takes his last breath. With all its
technological sophistication, does modern medicine
have an answer for this unwarranted death? Unless
technological breakthroughs are supplemented by
“social revolution” to communicate information
effectively to the thousands who need them, they are
of no avail. Cheap interventions like ORS can
become meaningful only if people are armed with
knowledge about them and put this knowledge into
practice whenever needed. This is an area where
community medicine practice can help.

It is clear from the above three realistic examples
that for treating a patient in the real sense of the word,
a doctor has to know more than clinical medicine; he
has to know the preventive and social aspects of disease.

Social equity: Resources for health care are limited. These
resources must be equitably distributed among the people.
For the cost of one big hospital, it is possible to create 50
small accessible health posts in the community. For one
patient needing coronary bypass surgery, there are
thousands in need of treatment for diarrhea, skin disease,
respiratory infection, fever and hepatitis, etc. Who should
get priority when it comes to providing free medical care
through the country’s health system—the bureaucrat or
politician who needs sophisticated cardiac care or the



thousands of unimmunized, malnourished children and
pregnant women who have no access to simple technology
like growth monitoring, ORS, immunization, antenatal care,
etc.? Only a thorough knowledge of principles of community
medicine can provide answers to such dilemmas.

Health services planning: The needs of the many
should take precedence over those of the few. This issue
becomes even more complex and critical by our
knowledge that those who are in the greatest need of
health care may not even know about their need; even
if they do, they may not be able to seek health care.
How can we come to know what the population’s health
needs are? Do we even know whether health is a priority
for most people? And what are the reasons which prevent
them from seeking help at designated health facilities?
Such questions must be answered before health services
are planned for people. Experience of community
medicine can considerably help in this regard.

Doctor’s responsibility: At the center of a moralistic
debate is the question of a doctor’s responsibility. To
whom is a doctor responsible? Only to those who
come to the clinic or also to those who need his
services but cannot come to the clinic? Where does
the responsibility end? We must realize that the health
sector in a country cannot be divorced from the
country’s economic or social fabric. Sitting in an ivory
tower may isolate us but cannot insulate us from
reality—the situation existing in the country. Thus
modern medicine has to extend itself outside the
confines of the four walls of a hospital and seek
solutions at an affordable cost. It is not enough to
have theoretical knowledge and the pharmaceutical
prescriptions to promote health and manage disease
in the community. We must also necessarily have a
system of health care delivery that can implement the
feasible solutions and make them available to as many
as possible at a cost that the country and the
community can afford. Community medicine strives
to provide the appropriate solutions in this regard.
Examples are the national programs for malaria, filaria,
tuberculosis, AIDS, iodine deficiency diseases, diarrheal
disease, anemia, vitamin A deficiency, etc.

Patient’s queries: Many a time a doctor is confronted
with the question—*“Doctor, what is the chance that I
may get carcinoma of the lung since I smoke 20
cigarettes a day”? or, “Doctor, I am suffering from
tuberculosis. Can I breastfeed my child”? Answers to
these questions are only possible if one is familiar with
the natural history of disease, its etiology and the myriad
risk factors and their interactions. These are addressed
by community medicine.

Interaction with patients: Even doctors who have
decided to set up private practice can benefit from the

discipline of community medicine. Knowledge of
community dynamics, community skills and cultural
factors related to health improves the doctor-patient
interaction and directly leads to increased patient
confidence and improved compliance.

Health team leadership: Health practice is a team
effort and the doctor is the team leader. The varied
knowledge encompassed within the ambit of community
medicine will make the doctor a strong team leader and
an able health administrator.

Concepts of Health

Health is one of the most difficult terms to define. Health
can mean different things to different people. To some
it may mean freedom from any sickness or disease while
to some it may mean harmonious functioning of all body
systems. It may be construed as a feeling of “wholeness”
and a happy frame of mind. At the center of the debate
is whether health denotes a positive quality or whether
it should be understood or defined in terms of the
absence of a negative quality, i.e. freedom from disease.
Modern medicine or modern medical practice tends to
view health as simply the state of absence of all known
diseases. Doctors are too busy fighting disease to be
unduly bothered about health. Even when they are
caring for well babies, the parameter chosen to so define
a baby is in terms of absence of congenital abnormalities
or postnatal deleterious effects. When doctors spend time
to screen adult populations for carcinoma of the cervix,
hypertension or the like, their focus of interest is on
absence of these morbid conditions. Thus the emphasis
in modern medicine has been on freedom from disease.
If this be the yardstick, then what does one strive for?
If the best is to be the goal, health necessarily needs to
be defined in a positive fashion.

The WHO (1948) has attempted to construct a
positive definition of Health and has described Health
as “a state of complete physical, mental and social well-
being and not merely an absence of disease or infirmity.!
Later on (1978), it has been added as to lead a “socially
and economically productive life”. This is an all-
encompassing definition and clearly places health on a
higher pedestal in comparison to disease. This definition,
however, refers to an ideal state which one strives to
achieve, though one may not be able to do so. There
has been criticism that using such a yardstick, very few
people would be categorized as healthy since almost
everyone whould have some grade of ill health or
abnormality, may be in a clinical, subclinical,
pathological or biochemical sense. It is perhaps best to
talk of the WHO ideal of positive health as the top of
the ladder while other categories of health status may
occupy lower rungs. A diseased state may be categorized
at the lowest rung of the ladder.
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Such a categorization of health is skin to a spectrum,
with positive health at one end and a diseased state at
the other end. This conceptualization permits one to talk
of health as a dynamic state capable of moving up or
down the ladder, rather than a static state in equilibrium.
This is appropriate because the health status cannot
remain constant for an individual, family, community
or country over a period of time.

Let up now look at the components of the WHO
definition, i.e. physical, social and mental well-being.

Physical well-being is most easily understood by all
of us. Physical health relates to the anatomical,
physiological and biochemical functioning of the human
body. Thus the attributes of physical health denote
normalcy of the body structure and organs and their
proper functioning. One should remember that a
“normal state” in medicine is based on the law of
averages and the extent of deviation from the average
or the mean. Thus the normal state for a European may
be different as compared to the Asians. If the deviation
is excessive, it may constitute an abnormal situation. The
selection of the limits of “normalcy”, even in statistical
terms such as 2 standard deviations from the mean, is
an arbitrary cut off point. Thus the line dividing normal
and abnormal is very thin near the preselected limits.
[t should also be remembered that these limits of
normalcy can change over time or generations.

Various modes of assessment of physical health are
available, e.g. height, weight, muscle mass, head circum-
ference, serum estimations, physiological tests of func-
tioning such as forced expiratory volume, etc. but all of
them define normalcy in statistical terms and in relation
to the risk of developing a particular disease, e.g.
elevated serum cholesterol related to cardiac disease, etc.

Social well-being is more difficult to define. In its
simplest connotation, social health means that level of
health which enables a person to live in harmony with
his surroundings. Man is, after all, a social animal. He
both learns from and contributes to society. Health is
both a product of and a determinant of social values.
The cultural and ethnic background, the traditions and
mores, the economic and literacy levels, the needs and
perceptions are all important in the consideration of social
health. To measure social health is much more difficult
but social scientists have tried to make such measure-
ments more objective. Thus social health can be
measured by attitude scales, socioeconomic status, level
of literacy, employment status, etc. All these measures,
however, are indirected measures of social health.

Mental well-being is perhaps the most abstract compo-
nent to describe. Recent developments in psychiatry and
psychology have helped in defining features of mental
health in a better fashion. A positive mental health state
indicates that the individual enjoys his routine; there are
no undue conflicts, nor frequent bouts of depression or
elevation of mood, he has harmonious relations within the

family and community spheres and is not unduly
aggressive. However, there may be transient digression into
the zone of the abnormal, especially under stress or duress.
Tests have been developed in recent decades which indicate
the mental health status of individuals. These include tests
for 1Q, personality tests, thematic appreciation tests and
projective techniques.

Spiritual health may be construed as a component
of mental health. In societies like the Indian society,
religion has played an important role in shaping the
cultural ethos. Many individuals strongly believe in the
supernatural. In such situations a positive mental health
embraces spiritual health. Spiritual health may help to
resolve both internal as well as external conflicts.

Many a time doctors are approached by patients
with vague complaints like generalized aches, disinterest
in work, easy fatiguability, etc. However, no abnormality
is detected on examination. Are these individuals to be
classified as “healthy” or in poor health? Though they
may not be actually diseased, they may also not be
labelled as healthy because they perceive themselves as
not being in good health, and their mental health is
thus compromised. Health, therefore, is not a constant
entity but a relative state. It is relative to time as well
as to individuals. The threshold of pain is not the same
in any two individuals and so their perception of a
healthy state is obviously different. Therefore health
appears to be a matter of degree. Almost every
individual’s state of health can potentially improve.2

Determinants of Health

What is it that results in good health, optimum health
or positive health? It is certain that the health status
cannot be the result of one particular activity. Many
influences have a bearing on health. The influences
which affect health and well-being are called
determinants of health. Some of these determinants are:

Genetic configuration: The health of a population or
an individual is greatly dependent upon the genetic
constitution of populations. These genetic factors may
be overshadowed by other factors but still play a sub-
stantial role. Genetic traits related to certain enzymes
(e.g. G-6-PD deficiency) or HLA markers (e.g. diabetes)
can lead to a change in health status.

Level of development: Economic and social
development helps to improve health status. Such
development potentially removes many deleterious
factors in the external environment of man. However,
affluence can also bring many problems in its wake.
These are related to the lifestyle adopted by the affluent.

Lifestyle: Contemporary Western society is nearing the
pinnacle of socioeconomic development. This has led
to improved health facilities and increased health
awareness. With improved literacy and better



employment opportunities now available, many of the
health problems confronting the less developed
countries have been erased. However, sedentary
lifestyles an overambitious outlook, excessively aggres-
sive competition, lack of regular exercise, excessive
consumption of alcoholic beverages and smoking, etc.
have brought noncommunicable diseases like diabetes,
hypertension, myocardial infarction, etc. to the forefront.
Similarly, mental health has also been compromised.
Efforts are now under way to tackle development
related problems in the West. An example is the “sin
taxes” imposed by the US government in April 1993,
markedly raising the prices of alcohol and cigarettes,
aimed at reducing their consumption.

Environment: The physical, social and biological
environment of man is a very important determinant
of health. Poor environmental sanitation, inadequate
safe drinking water, excessive levels of atmospheric
pollution, etc. are important determinants in the physical
environment affecting health. The socioeconomic status,
employment potential, harmonious marital
relationships, positive employer-employee relationship,
etc. are all important factors in man’s social
environment. The biological environment is composed
of disease bearing arthropods, insects, domestic and
milch animals, etc. All the members of the animal
kingdom can compromise health status of man.

Health infrastructure: Accessible and acceptable health
facilities have a direct bearing on health status. If primary
health care facilities are available in the vicinity and such
facilities are utilized by the population, the health of
individuals and communities is bound to improve.

Indicators of Health

An index is an objective measure of an existing situation.
Indices are generally defined as relative numbers
expressing the value of a certain quantity as compared
with another.? In relation to health trends, the term
indicator is to be preferred to index as indices are much
more precise.* More recently it has been suggested that
a health index is better considered as an amalgamation
of health indicators.® Indicators are variables which help
to measure changes. They are most often resorted to
when a direct measure of the change is not possible.
As a matter of fact, health being a holistic concept,
health change cannot be measured in specified units—
it can only be reflected by health indicators.

Characteristics of an Indicator

An ideal indicator should be:

Valid: The degree to which the measurement corres-
ponds to the true state of affairs is called validity. In
other words, does the indicator actually measure what
it purports to measure?

Precise: Reliability, reproducibility and repeatability are
synonymous with precision. They reflect the extent to
which repeated measurements of a stable phenomenon
are in agreement. The indicator should give the same
results if used by different individuals and in different
places. Thus precision ensures objectivity.

Sensitive: The indicator should be able to reflect even
small changes in health status. For example, the infant
mortality rate is a sensitive indicator of the health status
and the level of living of a population. Similarly maternal
mortality rate is a sensitive indicator of the provision of
obstetric services.

Specific: The indicator should reflect changes only in

the situation concerned. For example, enrolment in

primary school is specific to measurement of literacy.
Why are health indicators needed? The uses of

Health Indicators are as follows:

* They reflect changes in the health profile over a
specified time span.

* They enable delimitation of backward and priority
areas in a country.

* They permit international comparison.

* They allow evaluation of health services and speci-
fic interventions.

* They help to diagnose community needs and per-
ceptions.

* They are helpful to program planners and health
administrators for charting out progress.

e They allow projections for the future.

Types of Indicators

Indicators can be categorized as vital and behavioral.

VITAL INDICATORS

These encompass:
Mortality indicators: Crude death rate; infant
mortality rate; maternal mortality rate; perinatal
mortality rate, etc.

Morbidity indicators: Incidence and prevalence of
infectious disease. An example of incidence indicator is
the number of new cases of pulmonary tuberculosis in
a given year in a defined population.

Disability indicators: These play a supportive role to
other vital indicators. These include sickness absenteeism
rates; paralytic poliomyelitis rate; blindness prevalence
rate, etc.

Service indicators: These indicators reflect the
provision of health facilities. Examples are proportion
of population served by PHC/subcenters; doctor
population ratio; proportion of population having access
to safe drinking water; literacy rate, etc.

Composite indicators: These indicators encompass
many facets and hence provide a better measure. Expec-
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tation of life, growth rate, physical quality of life index,
etc. are all comprehensive indicators. The Physical
Quality of Life Index (PQLI) has gained popularity
in recent times. It consists of three components: Infant
mortality rate, life expectancy at one year of age and basic
literacy, in population above 15 years of age. All three
components are adequate for international and
intercultural comparisons because no society wants to let
its infants die and all people want to live longer and to
have access to basic literacy. For each component, the
performance of individual countries is placed on a scale
of 0-100, where ‘O’ represents an absolutely defined
‘worst” performance and ‘100’ represents an absolutely
defined best performance. The three indicators are
averaged after scaling, giving equal weightage to each
component. Thus the final PQLI measure is also scaled
from 0-100. The index shows changes in performance
overtime, even projecting into the future.

The PQLI is not meant to rank countries. It is meant
to show where a country is placed in relation to the
ultimate objective of “PQLI 100”. It thus affords a
country a chance to improve and bridge the gap. Thus
the PQLI is a dynamic indicator and is sensitive to
changes in the health situation. The PQLI for India in
mid 80’s was 43 while it was 94 for the USA.

BEHAVIORAL INDICATORS

These measure utilization of services provided, rates of
compliance and a attitude of populations. Utilization rates
indicate whether the health facilities provided are
adequate, relevant, accessible and acceptable. Hospital
occupancy rates, proportion of population receiving
antenatal care, proportion of population visiting primary
health centers, etc., are allimportant indicators of utilization.

The health services all over the world, since 1981,
were geared towards achieving the goal of Health for
All by 2000 AD. The WHO has defined some indicators
to measure progress. The suggested HFA indicators are
as follows:

Health policy indicators: Which reveal the level of
political commitment towards health for all.

Social and economic indicators: Related to health:
These indicate the overall development perspectives in
a country.

Indicators of the provision of health care: These
reflect the actual implementation of the stated policy.

Health status indicators: These indicate the benefit
accruing to the population.”

Concepts of Disease

Nature of Disease

Disease is easier to appreciate and less abstract than
health. Whereas health denotes a perfect harmony of the

different body systems, disease denotes an aberration of
this harmony. This aberration may range from a bio-
chemical disturbance to severe disability or death. Even
a psychological dysfunction may be classified as disease.

It is important to understand the difference between
the terms disease and illness. Disease may be defined
as the biophysiological phenomena which manifest
themselves as changes in and malfunction of the human
body.8 Illness, on the other hand, is the experience of
being sick. Disease refers to occurrence of something,
i.e. body changes and malfunction. Illness refers to
experience of something, i.e. being sick. Profound
changes and malfunction may occur in the body without
their being experienced by the patient. A classical
example is hypertension, labelled as “the silent killer”.
Blood pressure may be markedly increased, yet an
individual may not have any symptoms. Such a person
has hypertensive disease, but he does not feel he has
any illness. Conversely, a person may feel ill without
having a disease. For example, snake bite by a
nonpoisonous snake may result in palpitation,
perspiration, fainting and even death. The reason is that
strong emotion or belief, in this case about the snake
being poisonous, can result in illness. Another example
is that of a person fainting or going into trance or frenzy
under the belief that he is possessed by a spirit. Thus
people may feel ill in the absence of disease, just as they
can have disease without feeling ill.

Cause of Disease

The concept of disease has evolved constantly over the
ages: (i) In the “miasma” phase, disease was attributed
to bad air and elements. Specific causes of diseases were
unknown in this era. (ii) This was followed by the
“germ” phase during which specific pathogens were
recognised as the cause of disease. This phase marked
a watershed in the concept of disease and the hunt for
pathogens was carried out on a war footing. This gave
an impetus to set up isolation wards and big hospitals.

Concepts of Prevention

The concepts of prevention as enunciated by Leavell
and Clark have stood the test of time.? The basic
framework worked out by them has practical utility even
today. The four phases of prevention are: (i) primary
prevention (ii) secondary prevention (iii) tertiary
prevention. These phases are further categorized into
five levels of prevention as follows:

Primary prevention Health promotion

Specific protection

Early diagnosis and
treatment

Disability limitation
Rehabilitation.

Secondary prevention

Tertiary prevention



The various phases and levels of prevention are not
exactly water tight compartments. Some aspects of each
of the phases may be applicable while tackling specific
diseases. The five levels of prevention as listed above
can be restated in practical terms and recategorized as
the following four methods of prevention:

1. Measures to eliminate or attack the agents of disease

2. Methods to attack the channels of transmission

3. Methods to reduce contact of the agent and the
susceptible host

4. Methods to augment host defence mechanisms.

Primordial Prevention

It has come from a Latin word ‘primordium’ means
beginning. It means prevention at a stage, when the risk
factors have not yet developed. Primordial prevention
is aimed to eliminate the development of risk factors,
while primary prevention is aimed to reduce the risk of
exposure. Primordial prevention is achieved by health
education. Example being, information is imparted to
school children for adopting and maintaining healthy
lifestyles.

Primary Prevention

The process of primary prevention is limited to the
period before the onset of clinical disease in an
individual. Thus activities directed to prevent the
occurrence of disease in human populations fall in this
category. These activities are related to health promotion
and specific protection.

Health promotion: Health promotion is an all
embracing entity which goes much beyond prevention
of only specific disease. It is the means to attain a state
of “positive health”, or, at least, “freedom from disease”.
Health promotion concerns activities within as well as
outside the health sector. Examples of activities within
the health sector are:

* Health education to increase awareness of health
problems so that populations identify their health
needs and become familiar with preventive strategies
and the health facilities available. This is the only
component which has a long-term and lasting
benefit. Health education can also improve
compliance with advice, medication and follow-up.

* Improved protected water supply systems. These
again have a long-term impact.

* Improvement of environmental sanitation.

* Inculcation of healthy habits.

e Family life education.

Examples of activities outside the health sector
having a bearing on health promotion are those aimed
at increasing literacy, overall socioeconomic
development and industrial production and those
leading to improved agricultural policies and public
distribution systems.

Specific protection: Specific protection has benefitted
to a great extent by improved modern day medical
technology. Technological break-throughs have
provided adequate and appropriate tools for prevention.
However, specific protection dates back to 1753 when
James Lind advocated the use of citrus fruits to seamen
in order to prevent scurvy. Jenner’s discovery of the
smallpox vaccine in 1796 gave a further boost to
strategies for specific protection. Mass chemoprophylaxis
is also a modern tool of specific protection. Other
examples of specific protection are as follows:

e Active immunization by vaccines against measles,
polio, diphtheria, pertussis, tetanus, hepatitis B, etc.

e Passive immunization by gamma globulins for
tetanus, rabies, viral hepatitis, etc.

e Nutritional supplementation in mid-day school meal
program; ICDS program, etc. to prevent against
PEM.

* Specific nutrient supplementation by vitamin A, iron
and iodine (as iodised salt).

* Chemoprophylaxis with chloroquine to prevent
against malaria in travellers to endemic areas.

* Use of protective goggles in industry.

* Chlorination of water supplies, etc.

Secondary Prevention

Secondary prevention comes into play after the disease

process has been initiated in the human host. The aim

of such an approach is to minimize the spread of disease

and to reduce the serious consequences. This is achie-

ved through early diagnosis and treatment. Early

diagnosis and prompt initiation of treatment can be

undertaken at various levels:

a. In the general population or in an age specific popu-
lation.

b. In captive groups, such as school children, jail inmates
and industrial workers.

c. In a hospital or clinical setting.

Early diagnosis and prompt treatment offers benefits
to the affected individuals as well as to their families and
the community. It helps to reduce the transmission of
infection and, hence, is considered as a method of
prevention. As a preventive strategy, it is most useful
for diseases with long incubation period or long latent
period since sufficient time is available to prevent further
progression of disease and to improve further
progression of disease and to improve prognosis. In
noncommunicable diseases, sufficient lead time should
be available. Lead time refers to the time gained in the
natural history of an evolving chronic disease when
diagnosis is made early.1% It means that if carcinoma
cervix is detected during the presymptomatic period, the
ultimate prognosis may be better. Thus early diagnosis
and prompt treatment can play a very important role.
Prompt initiation of treatment should be backed up by
efforts to improve compliance and reduce default.
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Screening for disease is an important step, both in
the general population and in high risk groups. This is
especially useful in diseases like leprosy, tuberculosis,
carcinoma cervix, diabetes, etc.

Tertiary Prevention

Tertiary prevention acts at the stage where disease has
got established in the individual. It is a costly venture,
though recent efforts at community based rehabilitation
have tried to bring down the costs. Tertiary prevention
can be applied at the last two levels of prevention.
These are:

Disability limitation: Here the disease has progressed
significantly and has caused some loss of function of a
temporary or permanent nature. The idea is to provide
relief to the affected individual so that a total handicap
can be prevented. This mode of prevention can be illus-
trated by the example of leprosy. Leprosy can lead to
irreversible ocular damage and blindness when left
untreated. If multidrug therapy is instituted even after
some ocular damage has occurred, total blindness can
still be prevented.

Rehabilitation: Rehabilitation can be considered as a
preventive measure in that if effectively utilized, it can
prevent further social drift of the affected individual.
Social drift is the phenomenon of going down the social
ladder due to loss of ability to generate income caused
by disease.

Rehabilitation is an extremely costly venture. The
aim of rehabilitation is to integrate the affected
individual in the community by optimizing his functional
ability. It involves psychological, vocational and social
and educational intervention.

Psychological rehabilitation is of acute importance as,
immediately after experiencing a handicap, the hitherto
normal individual may not be able to cope up with the
new stress situation. This is known as crisis intervention.
The individual needs to be made to understand the
importance of life and how he can cope with the new
situation.

If the handicapped have to lead a normal life and
are to be accepted by the members of the family and

the community, vocational rehabilitation is very
important. Creating job opportunities and training the
handicapped for such jobs go a long way in alleviating
their suffering. Legislation to accord preferential
treatment to the handicapped is also needed. Social
rehabilitation is extremely important to provide adequate
support to the handicapped individual. The family
members should be taught to maintain social support
and involve the disabled in domestic affairs. Stigma
attached to disease should be tackled by effective
education.

Sometimes the handicap may be of such an extent
that vocational rehabilitation may not be possible. An
example is severe mental retardation. In such a
situation, rehabilitation efforts should be geared to train
the individual in activities of daily living.
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Epidemiological Approachin
Preventive and Social Medicine

Dictionaries define epidemiology as the scientific basis

for public health and, especially, preventive medicine.!

In keeping with this concept, the present book is

patterned on the epidemiological approach, which is

symbolized in the triad of host, agent and environment.

To put it rather picturesquely, just as there are three

components in a drama on the stage, there are three

components in the drama of disease as well. The stage
drama or a movie is built around a hero, a villain and
the life circumstances in which they operate and interact.

The disease drama has similar components of hero (the

host), villain (the agent of disease) and circumstances

(the environment). To summarize, the three

epidemiological components of a disease situation are:

1. The host or the man who enjoys health or suffers from
disease (The World Health Organization defines health
as a state of complete physical, mental and social well-
being and not mere absence of disease or infirmity.

2. The agents, whether living (such as bacteria and
viruses) or nonliving (such as radiation, temperature
and minerals, e.g. lead, fluorine).

3. The environment comprising of food, air, water,
housing, place of work, etc. which surround both
the host and the agent and in which both interact.
The host, the agent and the environment are discussed

in detail later in this chapter. The outcome of the host-

agent environment interaction may be in the nature of
health, discomfort, disability, disease or death. Thus all
individuals in a population group may be equally exposed
to the same agent and environment, yet some may totally
escape the disease, others may get only a mild attack while
yet others may develop the full blown disease which may
culminate in death. This is so because the exact outcome
is determined by host factors inherent in each individual.
These are described detail in Chapter 14.

Concept of Epidemiology

Epidemiology is a scientific study of factors and
conditions related to disease as they occur in people.
The word epidemiology is derived from epi (in, on,
upon); demos (people) and logos (science). Formerly,

epidemiology was considered to be a science of
epidemics and its application was limited to prevention
and control of a few communicable diseases such as
cholera, smallpox, plague, etc. which occurred in
epidemic form. Gradually, the epidemiological method
of studying a disease by devoting attention to its
occurrence and distribution, etiology, prevention and
control was extended to communicable diseases in
general. During last few decades, the epidemiological
approach has been used in the study of
noncommunicable diseases also, such as hypertension,
coronary artery disease, diabetes, cancer, mental
disorders and even accidents and burns. As a result,
diseases are now broadly classified into two groups—
communicable and noncommunicable—for the
purpose of epidemiological study.

Definition of Epidemiology

As the scope of epidemiology has enlarged over the

years, the definition of epidemiology has also changed

from the previous narrow definition as “the branch of
medical science dealing with epidemics” as suggested by

Parkin in 1873. Some broader definitions are given below:

e It is an orderly study of incidence in human society
of any morbid state (communicable and non-
communicables disease, accidents, injuries and
abnormalities of medical importance).

e [t is a study of the role of the agent, host and
environment in the natural history of disease.

e It is the study of relationship among various factors
and conditions in the agent, host and environment
that determine the frequency of occurrence and
distribution of an infectious process; a disease or a
physiological state in a population.

* According to Lilienfeld, “Epidemiology is the study
of the distribution of a disease or a physiological
condition in human populations and of the factors
that influence this distribution”.?

* The study of the frequency, distribution and deter-
minants of disease (International Epidemiological
Association).
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* The study of the distribution and determinants of
health related states and events in populations and
the application of this study to control health
problems.?

Out of the above definitions the last one is the most
modern. To put it even more simply, “epidemiology is
the study of distribution and determinants of health
related events in population.”* The meaning of four
words in this definition needs to be explained for a
proper understanding of this definition.

Events

Health related events include disease, disability,
physiological conditions and different states of health.

Population

It includes both human and animal populations.
Epidemiology is now extensively used for study of
diseases in animals.

Distribution

It refers to distribution of the event in relation to time,
place and person. The description of such distribution
is known as descriptive epidemiology. The aim of
descriptive epidemiology is to discern trends (increasing
or decreasing) in occurrence of the disease over the
years, over geographical areas or over different
populations. (The population here is used in the
statistical sense and means a group of individuals sharing
one or more specified characteristics).

Determinants

These refer to the etiological or risk factors related to
a particular disease or health state. When these factors
are studied and analyzed along with information from
other disciplines (such as genetics, biochemistry,
microbiology, immunology, etc.), the field is known as
analytical epidemiology.

The Epidemiological Triad

The occurrence and manifestations of any disease, whether
communicable or noncommunicable, are determined by
the interactions between the agent, the host and the
environment, which together constitute the epidemiological
triad (Fig. 3.1). Each of these is treated as a separate
component, though many epidemiologists consider the
agent as part of the biological environment of man.

The Agent

The agent is defined as an organism, a substance or a
force, the presence or lack of which may initiate a

Environment

Agent Host

Fig. 3.1: The epidemiological triad

disease process or may cause it to continue. There may
be single or multiple agents for a disease.® These may
be classified into:
e Living or biological agents.
* Nonliving or inanimate, classified further as nutrient,
chemical and physical agents.
The various types of agents are listed below:

Biological Agents

* Arthropods: Examples are mites and lice, causing
pediculosis and scabies respectively. However, the
role of arthropods in disease transmission is much
more often as vectors of other agents such as
malarial parasite, rather than as agents themselves.

* Helminths

* Protozoa, of which about 20 are parasitic in man

* Fungi
e Bacteria
e Viruses.

Much is known about biological agents now. Their
detailed study constitutes the speciality of microbiology.
Their epidemiological characteristics in relation to man
and environments are discussed under “General
Epidemiology of Communicable Disease”, Chapter 15.

The attributes of biological agents are as follows:
* Inherent nature and characteristics” Morphology,

motility, physiology, reproduction, metabolism, nut-

rition, temperature requirements, toxin production,
etc.

* Viability and resistance: Susceptibility of the organism
to heat, cold, moisture, sunlight, etc.

* Characteristics directly related to man:

— Infectivity or ability to gain access and adapt to

the human host

— Pathogenicity or ability to set up a tissue reaction

— Virulence of severity of reaction

— Antigenic property.

Nutrient Agents

The known agents in relation to food and nutrition are
energy, protein, carbohydrate, fat, vitamins, minerals,
water and fibre. Their nature and role in health and
disease are discussed in detail in Chapter 22.



Chemical Agents

They are chemical substances of two types:

1. External agents such as lead, arsenic, alcohol, dust,
stone particles and carbon.

2. Internal agents produced in the body itself as a result
of metabolic disorders or dysfunction of endocrine
glands. Examples are urea (uremia) in renal failure
and ketone bodies (ketoacidosis) in diabetes mellitus.

Physical Agents

Important ones are atmospheric pressure, temperature,
humidity, friction, mechanical force, radiation, light,
electricity, sound and vibration.

Chemical and physical agents occur within the broad
physical environment comprising of air, water, food,
place of living and place of work, etc. They are hence
discussed in the subsequent chapters dealing with
environmental factors.

The Host

The host is the man himself. The characteristics of a human
being that determine how he reacts to the agents in the
environment are called host factors. Also, man has an
important role in disease transmission. Many organisms
have established biologic relationships with man, to the
extent that their propagation depends on finding a portal
of entry in man, multiplying in the tissues and coexisting
with the human host.? The host factors influence exposure,
susceptibility and response to an agent.?

DEMOGRAPHIC CHARACTERISTICS

Age, sex, race (ethnicity).

BIOLOGICAL CHARACTERISTICS

Genetic background (e.g. blood groups), physiological
and biochemical characteristics (e.g. serum lipid, blood
glucose levels), immune status, nutritional status,
personality.

SOCIOECONOMIC CHARACTERISTICS

Economic status, social class, religion, education,
occupation, marital status, place of living, etc.

LIFESTYLE

Living habits, food habits, use of alcohol, tobacco, drugs,
etc. degree of physical activity, personal hygiene, etc.

Each of the factors listed above has been shown to
be associated with health and disease. Host factors are
described in detail in Chapter 14. However, a brief
description of important host factors determining disease
is given below:

Genetic endowment: The genetic constitution either
increases susceptibility to disease or may protect against
it. HLA markers are used to gauge susceptibility of
individuals to specific diseases. Hemophilia, diabetes,
color blindness, sickle cell disease, G-6-PD deficiency,
etc. are all related to the genetic endowment.

Age: Age is a strong determinant of health. Diseases
like measles, whooping cough, diarrhea, etc. are
commonly encountered in children. Diseases like cata-
ract, parkinsonism, etc. are seen at older ages. Age
actually has an indirect role. Children contact diseases
because of lack of protective immunity while the aged
suffer because of degenerative changes.

Sex: Sexual differences are documented and may be
due to metabolic or structural differences, differences
in exposure or even to genetic background. Hemophilia
and gout are seen only in males while carcinoma cervix
and rheumatoid arthritis are female prerogatives.

Race: Racial differences are well known. Angle closure
glaucoma is common in South East Asia. Sickle cell
anemia is common among negros.

Marital status: The pattern of disease in the married
and the unmarried tends to differ. Sexually transmitted
diseases are common in unmarried adults.

Nutritional status: Examples of disease conditions
related to poor nutritional—status are contracted pelvis
due to osteomalacia in women (Vit. D deficiency),
Wernicke’s encephalopathy in alcoholics (thiamine
deficiency) goiter in endemic areas (iodine deficiency)
and neurological lesions in fluorosis (fluoride excess).

Other host factors of importance are immune status,
occupational status, socioeconomic status, literacy status,
lifestyle and habits and human mobility and migration.

It may be mentioned that in terms of infectious
disease epidemiology the definition of host is necessarily
wider. In that context, host is defined as a person or
an animal, (including arthropods and birds) that afford
subsistence or lodgement to an infectious agent under
natural conditions.?

The Environment

In operational terms, health has been defined as “a
condition or quality of the human organism expressing
the adequate functioning of the organism in given
conditions, genetic or environmental”.* The environment
of man is of two types—internal and external.

1. Internal environment is comprised by the various
tissues, organs and organ systems within the human
body. Internal environment is directly related to
internal health and falls within the domain of internal
medicine. In internal health, each component part
of the body is functioning smoothly, efficiently and
harmoniously. Fault in functioning of one or more
component parts results in disharmony or disease.
For example, dysfunction of liver affects not only
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digestion but also the mental and physical

functioning of the body as a whole.

2. External environment is defined as “all that, which
is external to the individual human host” and is
comprised by those things to which one is exposed
after conception. Macroenvironment is another term
used to denote external environment. On the other
hand, the term microenvironment is sometimes used
to denote one’s personal environment comprised by
the individual’s way of living and lifestyle. Adjustment
to stimuli or agents in the external environment is
very important. The man or host is making constant
endeavor to maintain health by adjustment to all
sorts of agents in the external environment. When
the host, i.e. man, is well adjusted, he is in a state
of comfort or health. Maladjustment of body creates
an imbalance or disharmony which is responsible
for discomfort or disease. This adjustment or
maladjustment of man to agents in the environment
is the ecological concept of health or disease.

This concept is clarified in the following examples:

* Heatstroke is the result of interaction between high
temperature (agent) and body (host) in an environ-
ment characterised by hot, humid and still air. This
is an example of failure of adjustment by man to
heat in an unfavorable environment. Had the
environment been favourable (i.e. dry wind in place
of humid, still air), the high temperature would not
have resulted in heatstroke.

e Man may frequently come in contact with
tuberculosis germs, but he gets the disease only when
he cannot adjust to them. If the germs are exposed
to sun, they die; if man’s resistance is good, he is
not affected. If the person is exposed to the
tuberculosis bacilli too often in a closed room and
his resistance is low, he may succumb to the infection
and may get the disease.

Environment is the source or reservoir for the agents
of disease. It helps in the transmission of agents to the
host, bringing about their contact and interaction.
During such interaction, the environment may be
favourable to man and unfavorable to the agent or vice
versa. Thus there is a constant attempt towards
adjustment and re-adjustment between the man and
the causative agents within the same environment. If
adjustment is achieved, there is health, harmony or
symbiosis. Maladjustment or imbalance between the
two results in disharmony, discomfort, disease or death.

The environment may be living or nonliving and the
former may be biological or social. Generally we study
the environment under three headings—physical, bio-
logical and social.

Physical environment is the space around man
containing gases (air), liquids (water) and solids (food,
refuse, soil and various objects at the place of work or
living). The physical factors include soil, climate, seasons,

weather, humidity, temperature, machinery and physical
structures. Soil is related to worms, climate to heatstroke
or frostbite, seasons to vector breeding, machinery to
accidents and damp buildings to ARI, etc. In the physical
environment there may also be included the various
chemicals and chemical pollutants found in the physical
space around man. These include a large number of
industrial and agricultural chemicals as well as
insecticides such as DDT.

Biological environment means the universe of all
living things that surround man, except the human
beings. It comprises both animals and plants. They may
be reservoirs of disease germs (e.g. rats in case of
plague); they may be transmitters of disease agents (e.g.
mosquitoes) or they may themselves be the causative
agents of disease, (e.g. bacteria and viruses).

Social environment comprises all human beings
around the host (the man) and their activities and
interactions. It may be considered under two headings—
social and economic factors.

1. Social factors pertain to the society in which man
lives. Society, in this context, includes other family
members, neighbours, other members of the
community and the State or Government
organisation. Social factors produce stimuli that affect
the physical, mental and social state of man to which
he must adjust. For example, the size of the family
affects the health of the family members. The
termperament of the spouse, the attitude of the
office boss, the customs of the society and the laws
of the land, all play upon the man and influence
his physical and mental health.

Urbanization and industrialization, with conse-
quent problems like overcrowding, tensions, compe-
titiveness and exposure to toxic effluents, are also
important. Disruption caused by famine, war, riots,
floods or cyclones also affect the social environment.
Broadly speaking, overall socioeconomic and political
organization affect the technical level of medical care,
the system by which that care is delivered, the extent
of support for medical care and biomedical research
and the adequacy and level of enforcement of codes
and laws controllng health related environmental
hazards. Another important aspect of the social
environment is the receptivity to new ideas. It is
possible for resistance to develop when certain
practices run counter to medical preaching.®

2. Economic factors refer to the material assets and gains
of the human economic society. Economic factors
determine the economic status of man, which
decisively affects his health. Thus low economic status
means less diet, less education and enlightenment,
poor housing and less resources for medical aid.
The host or man acclimatises or adjust to agents or

stimuli from the environment by virtue of the

adaptability inherent within him. The skin exposed to



constant irritation becomes thick. Opium addicts and
alcoholics can tolerate large amounts of opium or
alcohol. A man from tropical Africa can easily tolerate
the hot climate that would be unbearable for a man
from Moscow or Northern Canada. When a person fails
to acclimatise or to protect himself against living or non-
living stimuli from the environment, the consequence
may be discomfort, disability, disease or death. Thus the
objective of studying human ecology or science of
adjustment of man to his environment is to provide him
with health-giving surroundings. This, in other words is
the concept of environmental health.

Health environment is a common need of all people,
cutting across the boundaries of occupation, race, class
and politics. Provision of healthy environment is a major
phase in the community health program and is an
evidence of the degree of civilization attained by the
country. It can be achieved only through the combined
efforts of the individual, the society and the state. The
provision of healthy environment includes attention to
all the three components of environment viz., physical,
biological and social. A proper physical environment
implies clean air, soil, water, food, housing and place of
work, which should be so conditioned as to be comfor-
table and health-giving. A proper biological environment
implies flora and fauna in the surroundings with which
man is well adjusted and which are not harmful to him.
A proper social environment implies adequate provision
of health, education, work and recreational facilities for
the individual and his or her family. It should be the duty
of the state to provide security to the individual against
injury, illness, unemployment and other wants. It can be
stated with certainty that any expenditure on providing
a healthy environment to the people is a sound invest-
ment yielding immediate and steady returns.

Having discussed the agent, host and environmental
factors above, it needs to be emphasized that they are
not mutually exclusive. Firstly, the same substance or
factor may act as the agent and the environment in
different situations. A good example is that of food and
nutrition. Food may act as agent of disease through defi-
ciency or excess of nutrients (e.g. protein energy mal-
nutrition, nutritional anemia, fluorosis, obesity, xero-
phthalmia and hypervitaminosis A). It may also act as
environment in the sense that it acts as vehicle for agents
of disease (streptococcal food poisoning, salmonellosis,
cancer due to carcinogens in food such as coal tar dyes
and aflatoxins). Moreover, nutrition even acts as a host
factor because nutritional status is an important
determinant of disease. It is in view of this special attribute
that Food and Nutrition (Chapter 22) forms a separate
section, distinct from the sections on Agent, Host and
Environment. Secondly, man (the host) himself is
ultimately the cause of many diseases or disabilities. For
example, the cause of protein energy malnutrition may
be less food availability and intake but this, in turn, is

because of man’s greed and selfish nature that cause
him to amass wealth, with the resultant poverty in certain
segments of society. Another example is obesity, which
is due to energy intake in excess of energy expenditure.
Here man himself is responsible for the disease, because
both the intrinsic etiological factors (genetic traits) and
the extrinsic factors (overeatingand a lifestyle characterised
by too little physical activity) lie within the host himself.

In the earlier years, when the focus of epidemiologic
studies was centerd around infectious diseases, agents
were categorized as a separate and important category.
But with the recent application of epidemiological
methods to noninfectious diseases, the newer
epidemiologic model tend to deemphasize agent factors
and lay stress upon the multiplicity of interactions
between the host and the environment.®

Web of Causation

In many diseases, especially noncommunicable diseases,
the causative agent may be unknown or uncertain, yet
there may be definite association of the disease with
several known factors or groups or chains of factors
which may interact with each other. Thus there may be
neither a clear cut etiological triad, nor a clear cut cause
and effect diad, but rather a web of factors or chains
of factors. This has been referred to as the Web of
causation by Mc Mahon and Pugh, who used this term
for the first time. An example of the Web of causation
in reference to ischemic heart disease is given in the
accompanying diagram.

Epidemiological Wheel

This is another approach to depict man-environment
interrelationships. The wheel consists of a hub which
represents the host and its core is composed of genetic
endowment. The hub is surrounded by the three major
divisions of the environment, namely, physical, biological
and social. The sizes of the different components of the
wheel depend upon specific disease entities. In genetic
diseases the core will be very large. This model also de-
emphasizes the agent, stressing more on host-environmental
interactions. But, unlike the model of the web, it does
give separate identities to the host and the environment.®

Natural History of Disease

This term refers to the course that a disease would follow
from its inception to its end without any external
intervention. Because internal intervention will always
be there in the form of immunity. It can be broadly
divided into two stages—the stage of prepathogenesis
and the stage of pathogenesis. The concept of
prepathogenesis and pathogenesis is described below.
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Every disease process has multiple etiology. These
multiple causes may be classified as agent, host and
environmental factors. The disease itself results when the
balance between the agent, host and environmental
factors gets tilted in favor of the causative agent. One or
more of these factors may start operating long before
the disease actually manifests itself. For example, the
occurrence of repeated attacks of chickenpox or measles
(single attacks of which usually confer life long immunity)
is determined not by the virulence of the infective agent
but by the presence of agammaglobulinemia, which may
be congenital.” Keeping this long temporal spectrum in
view, the total disease process can be divided into two
periods, the period of prepathogenesis and the period
of pathogenesis. In the above example, with reference
to the occurrence of a repeat attack of measles in a
person with genetically determined agammaglobulinemia,
the period of prepathogenesis is the period from
conception till the time of second contact with measles
virus, while the period of pathogenesis is the period from
repeat contact with the virus till the actual occurrence and
subsidence of the second attack of measles. These
concepts are further explained below.?

Prepathogenesis refers to the interaction between the
potential agent, host and environmental factors which
interact before man is directly involved and which
ultimately determine the actual occurrence of disease in
man. It starts from the time the first forces start operating
to create the disease stimulus in the environment or
elsewhere. An example of environmental factors as the
initial force is the extreme cold in Kashmir responsible for
the use of Kangari by man (the host) in whom the chronic
irritation of skin by local heat (the agent) causes the
Kangari cancer. An example of a disease where the agent
factor constitutes the initial force during prepathogenesis
would be the occurrence of gonorrhea in a person who
had been given otherwise adequate doses of penicillin
prophylactically and therapeutically because he is infected
by a penicillin resistant strain. In this case, the development
of penicillin resistance constitutes the initial prepathogenetic
force referrable to the agent.

Pathogenesis refers to the course of the disorder in
man from the first interaction with disease provoking
stimuli till the appearance of the resultant changes in
form and function or till the attainment of equilibrium
or till the occurrence of recovery, defect, disability or
death. In the example of gonorrhea above, the period
of pathogenesis starts from the moment man comes in
contact with gonococci till he gets rid of the infection
and the pathological process in the body has stabilised.
The period of pathogenesis consists of the preclinical
phase (before the occurrence of clinical sings and
symptoms) and the clinical phase (from the time of
clinical presentation onwards).

To summarize, the natural history of disease covers
two processes:® prepathogenesis (the process in the

environment) and pathogenesis (the process in man).
These processes are described below in detail. They are
clarified in the accompanying Table 3.1. The description
of prepathogenesis will be aimed at the agent, host and
environmental factors that interact and lead to the stage
of pathogenesis. The description of pathogenesis will
cover the temporal profile of the period of pathogenesis
in the individual and the community.

TABLE 3.1: Stages of disease in man

Stage of Prepathogenesis

This is the stage at which man is not involved by the disease process.
During this stage, however, the agent, host and environment
interactions bring together the agent and the host or produce a
disease provoking stimulus in the human host.

Stage of Pathogenesis

e Preclinical Phase
— Agent (or stimulus) becomes established in the host and
increases by multiplication.
— Changes occur in the body in response to the agent. These
changes may be related to immune resistance, physiological
function or tissue morphology.

e Clinical Phase
— Active clinical illness with characteristic signs and symptoms
— Convalescence
— Chronic illness
— Disability and defect
— Recovery or death

Prepathogenesis

AGENT FACTORS

These are grouped into three categories—those inherent
in the agent; those related to man; and those related
to environment.

Agent Factors Inherent within the Agent

* Biological such as morphology, life cycle, motility,
temperature, oxygen requirements for growth and
toxin production.

e Physical, such as resistance and viability when
exposed to heat, drying, ultraviolet light, chemicals
and antibodies.

* Chemical, such as antigenic composition.

Agent Factors in Relation to Man

In most cases, man is the host as well as the reservoir
or source of infectious agents. Many agent factors are
thus related to man. These are as follows:

Infectivity: It is the ability of the biological agent to
invade or enter the host and then multiply. For example,
Cl. tetani and C.diphtheriae have low infectivity but high
pathogenicity and virulence.

Pathogenicity and virulence: Pathogenicity is the
capability of an infectious agent to cause disease in a
susceptible host while virulence is the degree of



pathogenicity of an infectious agent, indicated by case
fatality rate and/or its ability to invade and damage
tissues of the host.® Tubercle bacillus has got high
pathogenicity but low virulence. Only about 1% of the
persons who get infected develop the disease. Virulence
is also low in case of pneumococcal, herpetic and fungal
infections. Rabies virus, on the other hand is highly
virulent. Some microorganisms throw variants after
turnover of a few generations. Such variants may have
altered virulence and antigenicity.

Antigenicity: It means ability of the agent to stimulate
the host to produce antibodies such as agglutinins,
precipitins, antitoxins, bacteriolysins, complement fixing,
neutralizing and sensitizing antibodies. They provide
specific protection and are helpful in diagnosis of the
causative microorganism. The specific antibodies in
serum are demonstrable about a week after the onset
of symptoms. This fact is of value in establishing the
diagnosis of diseases like enteric fever, brucellosis,
leptospirosis and infectious mononucleosis. Antibodies
may be demonstrable in virus infections also, but clinical
identity is clear by the time diagnosis is made by this
method. Helminthic antigenicity is made use of in
diagnosis by allergic skin tests, such as those for
trichinellosis and hydatidosis. Protozoa produce com-
plement fixing antibodies. Rickettsiae usually result in
lasting immunity while viruses generate varying degrees
of specific immunity. High pathogenicity is often
associated with high antigenicity. High infectivity and low
pathogenicity produce passive carriers and mild cases,
as seen in meningococcal infection.

Agent Factors in Relation to Environment

The main role of the environment is either as reservoir
of infectious agents or as vehicle of transmission. Both
the roles depend on the morphology and the viability
of various agents.

Factors in relation to reservoir

Human reservoir: Man is an important source or
reservoir in most of the infections in two ways: as a case
or as a carrier. Definitions of various types of carriers
have already been given. Examples of a temporary
carrier are healthy contacts of cases of diphtheria,
poliomyelitis, etc. Examples of an incubatory carrier are
diphtheria contacts who may be carrying organisms in
the incubation period. Examples of convalescent carriers
are patients who have recently recovered from typhoid,
dysentery, cholera and diphtheria. Examples of chronic
carriers are persons who have been infected with
organisms causing dysentery or typhoid and pass these
organisms in stools for a long time. Such discharge may
be intermittent.

Animal reservoir: Domestic animals and pets are
important reservoirs. Examples are dogs (rabies), rats

(plague, leptospirosis, typhus, rat bite fever, salmo-
nellosis), horse (glanders), sheep and goat (anthrax) and
cow (brucellosis).

Inanimate reservoir: Soil, water and sewage form
secondary reservoirs for varying lengths of time. Soil
may act as reservoir for spore bearing organisms like
ClI. tetani. Water and sewage may be temporary or long
time sources for infections like cholera, typhoid and
poliomyelitis.

Factors in relation to transmission: All types of
environment—pbhuysical, biological and social—may act
as vehicles of transmission. The examples of physical
category are fomites and infected food and water.
Examples of biological environment as vehicle of disease
are provided by the large number of vectors such as
mosquito and flea. The social environment operates in
case of disease requiring close human contact for
transmission, such as venereal diseases (genital contact,
direct transmission), leprosy (skin contact and droplet
transmission) and many viral and bacterial infections
such as measles, diphtheria, influenza, etc.

HOST FACTORS

These relate to the characteristics inherent in the host
or man himself which make him susceptible or resistant
to infectious agents. These have been described in
detail in the previous chapter. Some further examples
will be given here to illustrate the role of host factors
in infectious disease epidemiology.

Age is a very important host factor in the context.
A child under 6 months is resistant to measles but is
very susceptible to it from 6 months to 2 years. Pertussis
is most dangerous to children under 2 years of age.
Communicable diseases common in childhood become
rare in later life.” Typhoid is more common from 5 to
25 years of age.

Sex differences in relation to communicable diseases
may be explained differently in different instances. Thus
leprosy is more common in males, but this may be
because of more chances of exposure in men.!0 E. coli
infection of the urinary tract is more common in women
because of anatomical differences and the proximity of
urethral and anal orifices. AIDS is particularly common
in passive homosexual men because rectal mucosa
offers little resistance to the virus, as also because anal
intercourse is usually associated with some bleeding from
rectal mucosa.

Race differences in communicable diseases may be
related to socioeconomic, geographic and ethnogenetic
factors. The latter are known to influence the prevalence
of malaria in different regions. It has long been known
that negros in the USA had P, vivax infection rate lower
than that of whites and that it was more difficult to infect
them with this species. The most evident consequence
of resistance to P vivax in negros occurs in West Africa
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where, in many regions, it cannot be found in the indi-
genous population; yet the parasite is common in the
inhabitants of the Eastern Congo and East Africa.l!

Genetic factors determine the occurrence of sickle cell
trait, sickle cell disease and other hemoglobinopathies.
The affected individuals are more prone to infections,
especially those caused by Salmonella and Pneumococci.
Osteomuyelitis is also common in them and frequently
leads to death.1?

Personality can also influence the incidence of infec-
tious diseases. Some persons are very health conscious
and meticulous in their hygiene, thus minimising
chances of infection. Some people seek prophylactic
vaccinations and inoculations on their own, while others
refuse them even when approached at their home.
Some individuals are sexually extravagant and are
repeatedly exposed to venereal diseases. Thus
personality traits definitely act as determinants of disease.

Various habits and customs are also important. The
habit of washing hands before meals protects from
diseases like cholera. The custom of easing in open fields
helps in the spread of hookworm infection. General and
specific defence mechanisms of the body are of crucial
importance influencing the occurrence and severity of
infections.

ENVIRONMENTAL FACTORS

They play an important role in favor of either the agent
or the host and have been described in detail in earlier
chapters. The role of environmental factors in infectious
diseases will be further illustrated here by appropriate
examples.

Social environment: Indiscriminate defecation
increases the chances of water and soil pollution. Poverty
and overcrowding lower the body resistance and
increase the chances of infection. Availability of good
food and nutrition and facilities for immunization
increase resistance to diseases. Better economic and
social environment ensures better medical and health
facilities.

Physical environment: Altitude, soil, climate, rainfall,
water-supply, etc. may favor growth or spread of agents
and their vectors and reservoirs.

Biological environment: Arthropods, pets, livestock
or beasts may act as source of infection or may transmit
the same. Man lives in close contact with animals like
cow, pig, goat, etc. and often, even ingests them. Thus,
he is liable to contact diseases like brucellosis,
hydatidosis and cysticercosis.

Pathogenesis

Everyone is potentially in a phase of prepathogenesis
with respect to some diseases. However, the period of

pathogenesis starts only when the infectious agent enters
the host. Once that happens, one of the following possi-
bilities may occur.

* The agent fails to lodge within the body:

— It may be coughed or sneezed out, passed out
in stools or washed off from the skin or mucous
membrane.

— It fails to enter the skin or mucous membrane
because of intactness, the first line of defence.

— It is dealt with by phagocytes or reticuloendo-
thelial cells or is killed by secretions such as hydro-
chloric acid in stomach, the second line of defence.

e The agent is able to lodge and multiply but fails to
produce obvious disease: Examples are asymptomatic

Meningococcal infection and many cases of

helminthic infections, e.g. Enterobiasis and Ascariasis.

* The agent lodges, establishes and multiplies within
the body producing a series of changes, which may
be detectable by clinical or laboratory examination.

From a clinical point of view, pathogenesis has two

distinct phases: preclinical phase (incubation period) and
clinical phase.

PRECLINICAL PHASE

During this period, the parasite lodges, multiplies and
starts the disease process in the host but the symptoms
and signs are neither felt by the prospective patient, nor
are they apparent to the doctor on clinical examination.
Incubation period may, thus, be defined as the length
of time, reckoned from the point of entry of the parasite
into the host, till the clinical manifestation of disease.
Incubation period varies from disease to disease.
Information about mean and range of incubation
period of a disease helps in diagnosis of the disease, in
tracing the source of infection and in fixing the period
of quarantine.

CLINICAL PHASE

The disease becomes clinically manifested in this phase.

The severity of illness in an individual again depends

on agent, host or environment factors. It may manifest

in the following forms:

* Mild, missed, ambulatory or atypical case, ending in
complete recovery

* Acute case ending in recovery, disability, chronicity
or death.

* Chronic case ending in recovery, disability or death.

INFECTIOUS DISEASE MORBIDITY

Morbidity is measured as incidence or prevalence rates,
which are expressed as the number of cases per unit
population (per thousand, lakh or million). When it
applies to occurrence of new cases, it is called incidence
rate. When applied to both new and old cases, it is called



prevalence rate. Details are given in the chapter on vital

statistics. Variation in incidence or prevalence of a

disease in a given population depends on the agent,

host and environmental factors and is of three types.

1. Short-term fluctuations result in an increase (or
decrease) in the number of cases in a community.
Common examples are outbreaks of diarrhea,
cholera and infective hepatitis, which may assume
the shape of an endemic or epidemic;

2. Periodic fluctuations may be seasonal or cyclic in
nature. Examples of seasonal fluctuations are the
high incidence of upper respiratory infections in
winter and of cholera in rainy season. Examples of
cyclic fluctuations are the occurrence of influenza
pandemics every 7 to 10 years, of rubella every 6
to 9 years and of measles every 2 to 3 years. Such
fluctuations are probably related to herd immunity.
The proportion of susceptible individuals in the
“herd” increases year after year with the result that
an outbreak occurs.

3. Secular fluctuations refer to changes in morbidity
rates over a long period of time, often decades.
Examples are a decreasing trend in occurrence of
diphtheria and polio.

Chance in incidence of an infective disease is best
judged in relation to incidence pattern in the past as
reflected in monthly incidence records for last 5 to 10
years. Mean monthly incidence for each year is
calculated at first. An increase through 2 standard
deviations serves as a warning and an increase through
3 standard deviation calls for active community control
measures. The following terms are used to express
various grades of incidence and prevalence of
communicable diseases in a community.

Mild incidence: When less than 3 new cases per week
are reported in 100,000 population.

Considerable incidence: When 3 to 5 new cases/
100,000/week occur.

Heavy incidence: When 5 to 10 new cases/100,000/
week are reported.

Epidemic: When the number rises to ten or more/
100,000/week.

Outbreak: When there is sudden reporting of a large
number of new cases, the population having been
absolutely free earlier. Food poisoning and cholera often
breakout suddenly.

Endemic: When the infectious agent has taken a
foothold in a population which is naturally and partially
protected because of occurrence of the disease over a
period. Reporting of a few new cases goes on
throughout the year. Examples are typhoid, diphtheria
and infective hepatitis. When the incidence rises due to
changes in the agent, host or environment factors, it
becomes an epidemic.

Sporadic: When only isolated cases are reported here
and there, now and then. There is no tendency to
spread at one place or at one time. This may happen
in case of meningitis and poliomyelitis.

Pandemic: When an epidemic appears simultaneously
or successively in more than one country, e.g. the
influenza epidemic in 1957-58.

Epizootic and enzootic: These terms are used in
animals and are comparable to ‘epidemic’ and
‘endemic’ in man. Plague may be epizootic in rats while
rabies is enzootic in dogs. Zoonoses are diseases that
are transmitted naturally between man and vertebrate
animals.13 Examples are plague, rabies, anthrax,
brucellosis, hydatid disease, kyasanur forest disease and
typhus.

Exotic: This is the label given to a disease imported
from outside and not present in the country earlier. For
example, if cases of yellow fever occur in India one day,
it will be an example of exotic disease.

An epidemiologist may be able to forecast an
epidemic on the basis of known agent, host and
environment factors. For example, an epidemic of
malaria may be expected when there is high rainfall and
humidity. An epidemic of AIDS is feared in large parts
of the world at present.

SPECTRUM OF DISEASE

The spectrum of disease may be defined as the
sequence of events that occur in the human host from
the time of contact with the etiologic agent up to the
point of the ultimate outcome, which may be fatal in
the extreme cases. The spectrum is conventionally
divided into two components—the subclinical and the
clinical stage. Progression through the spectrum can be
decelerated or halted by preventive or therapeutic
measures.? Conditions where proven strategies for
effective prevention or treatment are available can be
halted with relative ease compared to conditions whch
do not have established intervention strategies.

The term spectrum of disease is synonymous with
“gradient of infection” in relation to infectious conditions.
The gradient of infection refers to the sequence of
manifestations of illness in a host, reflecting host
response to the infectious agent.? Clinicians are generally
aware of only a small proportion of the spectrum of a
given disease and the gradient of infection. This is what
is called “The tip of the iceberg” as information on the
submerged portion is not available. But the inapparent
cases are important for their role in transmission. Latent
infections should be differentiated from inapparent
infections as, during the latent period (unlike during the
inapparent period), the host does not shed the infectious
agent, which lies dormant in the host tissues. Since
many inapparent infections can be transmitted and can
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produce disease in others, it is not sufficient to direct
disease management procedures solely to clinically
apparent cases.

The gradient of infection is as follows:

Mild
clinical —
manifestations

Moderate
clinical -
manifestations

Inapparent
infections -

Severe
clinical — Fatal
manifestations outcome

Infections can be categorized into three groups, each
represented by the bars illustrated below:

Inapparent[ |
A| . [ Mild =
B’I:- | ‘ | Moderate [__|
C‘l ] Severe [ |
Fatal ]

“A’ describes infections, a high proportion of which
are inapparent with only a small fraction of clinically
evident cases. For example, tuberculosis, viral hepatitis,
polio, etc. “B” represents infections in which the
inapparent component is relatively small as is the
proportion of fatal cases. For example, measles,
chickenpox, etc. “C” represents infections with a severe
or fatal outcome. For example: AIDS, rabies, tetanus, etc.

Regarding “A’, it is seen that only a small proportion
with obvious disease or severe symptoms will come to
medical attention and, therefore, statistics on these
infections will be low and misleading.® These are the
diseases where what is seen by a clinician is only the
tip of the iceberg.

In studying the progression of infectious disease in
a community or population group, the aim of
community medicine is to identify the focus of infection
and to attempt to stop the spread of disease. In this
respect it is important to differentiate between the
primary and the index case. The primary case refers to
the individual who introduces the disease into the family
or the community. The index case refers to the
individual who first comes to the notice of the health
system. Epidemiological investigation begins with an
index case and then both forward and backward
linkages are established. At times a number of primary
cases may have introduced the infection into the
community at approximately the same time. These are
then termed as coprimaries. Cases resulting from
transmission of infection from the primary case are
termed as secondary cases. The peak of the number
of secondary cases is separated from the primary case
by one incubation period.

The incubation period refers to the time duration
between the receipt of the infective organism by the
susceptible host and the first clinical manifestation of

disease. The factors affecting the length of the

incubation period are as follows:

¢ Dose of inoculum: The smaller the inoculated dose,
the longer is the incubation period.

e Site of multiplication of organism: When the
organism multiples exclusively at or near the portal
of entry, the incubation period tends to be short, as
in case of gonorrhea and tetanus. When multiplication
occurs at a remote place, the incubation period is
longer, as in hepatitis B.

¢ Rate of multiplication of the specific organism in the
human host.

e Speed with which the host defense mechanisms are
mobilized.

Considering the above factors, it can be easily
understood why the incubation period of a disease is
customarily described in terms of range (between the
minimum and the maximum) and median. The median
incubation period refers to the point in time when 50%
cases have progressed to the stage of clinical mani-
festations.

As against incubation period, another term used
very commonly is generation time. Generation time
refers to the time interval between receipt of infection
by the susceptible host and the stage of maximal
infectivity of the host. The generation time may overlap
either the clinical phase or the subclinical or inapparent
phase. For example, the period of maximal infectivity
in measles ranges from 4 days prior to appearence of
rash to 5 days later.

Surveillance

Surveillance is collection and analysis of data for action.
Analysis of surveillance data helps us to know time, place
and person distribution of disease or other condition
of ill health.

Types of Surveillance

Active surveillance: When a designated official
usually external to the health facility visits periodically
and seeks to collect data from individuals or register,
log books, medical records at a facility to ensure that
no reports or data are incomplete or missing. In National
Vector Borne Disease Control Programme (NVBDCP),
health worker goes out to the community for taking
blood slide in malaria.

Passive surveillance: When data or reports are sent
by designated health facilities or individuals on their
own, periodically as a routine. In most of the national
health programes, data are selected by passive
surveillance.

Sentinel surveillance: It is a method for identifying
the missing case and there by supplementing the notified
cases. Sentinel data are extrapolated to entire



population to estimate the disease prevalence in total
population. This is done in National AIDS Control
Program (NACP).

Surveillance can be carried out as Institutional
Surveillance or Community Based Surveillance.
Institutional surveillance refers to the collection of data
either active or passive from preidentified and
designated fixed facilities regardless of size. Community
based surveillance refers to the collection of data from
individuals and households at the village or selected
locality rather than from institutions or facilities.

Surveillance data allow for analysis, providing public
health officials and policy makers with a basis for long-
term priorities and timely information on possible
outbreaks for rapid response (data for action). An
increasing demand on detailed data and an ambition
to present the data providers with more timely data for
action were the driving forces behind the decision to
use modern web technology and a geographical
information system (GIS) software to improve the
feedback of surveillance information.14

GEOGRAPHICAL INFORMATION SYSTEM (GIS)

GIS is a way to present data in the form of interactive
web map. It can be defined as a set of tools for collecting,
storing, retrieving, transforming and displaying spatial
data from the real world for a particular set of purposes.
Turning raw tabular data into much more useful and
accessible visual information in the form of interactive
Web maps is much needed to support and empower
decision makers, and even members of the general
public.1* There are different tools for producing GIS like
GeoReveal, GéoClip and SVG (Scalable Vector
Graphics) MapMaker.1®> Wizard-driven tools like
GeoReveal have made it very easy to transform
complex raw data into valuable decision support
information products (interactive Web maps) in very little
time and without requiring much expertise. The
resultant interactive maps have the potential of further
supporting health planners and decision makers in their
planning and management tasks by allowing them to
graphically interrogate data, instantly spot trends, and
make quick and effective visual comparisons of
geographically differentiated phenomena between
different geographical areas and over time (when data
sets for successive periods of time are available).1®
Geographic Information System (GIS), Remote
Sensing (RS), Cartography, Photogrammetry and
Geodesy are multiple disciplines known as Geomatics
or geographic informatics. Geomatics will continue to
provide considerable benefits through better informed
policy making, planning and research. This is more
important under the present situation of global climatic
changes and re-emerging vector borne diseases.

Epidemiological Studies
OBJECTIVES OF AN EPIDEMIOLOGICAL STUDY

An epidemiological study is aimed at finding the following:
* Nature and extent of disease

* Causative agent

e Source of infection

* Period of communicability

* Mode of spread

*  Susceptibility of population

* Incubation period

e Methods of prevention and control.

STEPS IN AN EPIDEMIOLOGICAL STUDY

* On first report, reach the place of occurrence of an
epidemic and identify the cases on the basis of
clinical and field evidence. Confirm the diagnosis by
laboratory tests but start the control measures
without waiting for the report.

* Prepare two proformas for investigation of the
epidemic. In proforma A, record each case serially
in a register having the following columns.

— Serial number
— Name
— Age
- Sex
- Caste
—  Occupation
— Social class
—  Locality
— Household condition
— Symptoms and signs
— Immunity status
— Contact during incubation period, and
— Manner of getting the infection.
The source of water and milk supply and other
details of specific situations may also be noted.
In proforma B, give daily, weekly or monthly
report of each locality regarding the number of
cases of the disease in the area. This proforma
is compiled from proforma A and contains
information regarding the following:
i. Date of outbreak
ii. Date of last attack
iii. Attacks and deaths among vaccinated and
unvaccinated persons
iv. Source of infection, and
v. Measures adopted.
Progressive totals of various items in this
proforma should also be given. Proforma B
should be sent to the head office regularly,
where the total information from the whole
region is compiled and analyzed.

e Systematic investigation of each case is crucial for

investigation of an epidemic. Since each case is a link
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in the chain of infection, full picture can be obtained
either by investigating the first case and then
proceeding forward to the next and subsequent
cases, or by starting with the last case and then
proceeding backwards. Either method may be used,
depending upon the specific situation.

Make a sample survey in a limited population to find

the mild, missed or atypical cases and the carriers of

disease, taking full benefit of the laboratory methods.

The sample should be randomly selected and should

be representative of the population.

Make an ecological survey of:

— Physical environment with particular reference to
water supply, disposal of wastes and places of
eating, such as hotels and restaurants.

— Biological environmets such as vectors and pet
animals.

— Socioeconomic environment as regards fairs,
festivals, movement of pilgrims and common
eating parties, etc.

The object is to find if the environment is
playing a part as source of infection or vehicle
for transmission of disease.

Collect data, if any, about previous happenings or
epidemic occurrence of the same nature.
Look for any association of the disease with age, sex,
socioeconomic status, profession, habits and customs,
type of locality and water or milk supply. This can
be done by preparing frequency distribution tables,
histograms and spot maps which show the
distribution of cases in relation to localities,
restaurants and eating places, etc. and which mark
the relevant environmental features such as water
supply, waste disposal, vector density, etc.
Analyze the data statistically. Find the incidence rates
in relation to age, sex, locality, period and other
characteristics. Work out the standard errors of
observed differences. Formulate a hypothesis and
draw conclusions on the basis of statistically significant
differences as regards the role of agent, host and
environment factors in the occurrence of the disease.
Flea index, anopheles mosquito density, attack rates
among the vaccinated and unvaccinated and high
incidence in a particular community are some
examples that may provide a clue to causative
factors.
Make appropriate recommendations for prevention,
control or eradication of disease. For example, these
recommendations may relate to improvement of
water supply, food, disposal of wastes, sanitation,
immunization, killing of vectors or eradication of
reservoirs of infection.

Test the hypothesis and the recommendations made

by appropriate analytical or intervention studies.

Publish the results of the investigation for wider

benefit to the community.

Aim and Objectives of Epidemiology

Broadly speaking, the aim of epidemiology is to

minimize or eradicate the disease or health problem and

its consequences. In order to fulfill this, epidemiology

has the following objectives:1©

* To define the magnitude and occurrence of disease
conditions in man

* To identify the etiological factors responsible for the
above conditions

* To provide data necessary for planning, imple-
mentation and evaluation of programs aimed at
preventing, controlling and treating disease.

Clinical vs Epidemiological Approach

The clinician and the epidemiologist are both concerned
with patients and disease but their approach is different.
The four main differences are outlined below:

1. A clinician studies the signs, symptoms, causes and
treatment of disease in each individual even if he
sees many cases of the same disease. An
epidemiologist, on the other hand, studies the total
number of cases, their distribution and the causes
and modes of spread of disease in a community. He
studies disease as a mass phenomenon.

2. A clinician is concerned only about the patient
suffering from disease. On the other hand, an
epidemiologist takes into account not only persons
suffering from a disease but also those not suffering
from it. He then tries to study the factors that
prevented the occurrence of disease in nonsufferers.
He analyzes distribution according to age, sex, race,
class, environment, social customs, etc. and tries to
account for the occurrence of a large number of
cases in one group and not in the other. he makes
a community diagnosis to provide community
measures for prevention and control.

3. The clinician is usually more concerned about the
period of pathogenesis during which the disease
evolves and incapacitation results. To an
epidemiologist, the period of prepathogenesis is
more important than the period of pathogenesis.

4. Mere coming together of bacteria and man cannot
produce disease. Disease develops only in a certain
environment which also needs due attention. The
clinician’s concern about the environment is very
limited. An epidemiologist studies in detail not only
the host-parasite relationship but also the environ-
mental aspects that bring about such relationship.
Sound knowledge of clinical medicine is essential for

the study of epidemiology. Clinical diagnosis of a case

by the clinician should be supplemented by the total
diagnosis or findings of the epidemiologist. They should
be working together, one supplementing the work of the
other. The epidemiologist requires very sharp and correct



observation in the clinic, ward, laboratory and in the field.
He considers each case as the member of a family and
the family as a unit of the society. To him, the patient
is not an isolated entity as seen by the internist in a clinic.

Applications and Uses of
Epidemiology!’

The epidemiological methods are useful in studying the
factors related to health, disease and health care services.
Various applications and uses of epidemiology are
described below:

TO STUDY THE OCCURRENCE OF
DISEASE IN A POPULATION

It is very important to find the regional and secular
(temporal) differences in disease prevalence. These
differences may be natural or may be related to disease
control measures. Morbidity surveys may be horizontal
or vertical. A horizontal survey is a “breadthwise” or
cross sectional survey, aimed at finding the occurrence
of cases of a particular disease in a given geographical
area such as a village, city, state or country. A vertical
survey is a “depthwise” or longitudinal survey, aimed
at finding the occurrence of a disease in a population
over a period of time. An example is the death due to
plague in India since independence (Table 3.2).

The above data, whose collection essentially involves
epidemiological methods, clearly show the decline of
plague in India during the period 1948 to 1970. It may
be mentioned that resurgence of plague occurred in
India in 1994 and 53 deaths occurred.

TO DIAGNOSE THE HEALTH OF THE COMMUNITY

The purpose of diagnosis is to take remedial measures.
In case of an individual, therapeutic and preventive
measure can be undertaken after diagnosing the
morbid state. In case of a community, the study of not
only morbidity but also mortality is useful to plan for
prevention and treatment of the people. Such study is
referred to as community diagnosis. Community
diagnosis is defined as the pattern of disease in a
community described in terms of the factors influencing

TABLE 3.2: Reported deaths from plague in India*

this pattern.!® The aim of community diagnosis is two-
fold: Firstly, to identify and quantify the health problems
in a community on the basis of morbidity, mortality
rates and ratios and, Secondly, to identify the individuals
or groups in the community who are at risk of
developing the disease or who need health care.

An example of community diagnosis is given in
Table 3.3, which shows the pattern of causes of
mortality in Dadra and Nagar Haveli. It shows, for
example, that diseases of digestive system and
prematurity account for 41.2% and 11.8% deaths
respectively. In order to present the community
diagnosis in full, it would be necessary to describe the
factors related to such deaths (e.g. water and sanitation
situation in relation to gastrointestinal disease and MCH
services in relation to prematurity).

TO IDENTIFY DETERMINANTS OF DISEASES

Etiology of disease is usually multiple. Epidemiology is
of great help in studying the etiology and the associated
risk factors. Examples are association between
streptococcal sore throat and rheumatic heart disease;
association between rubella and congenital defects;
association between blood transfusion and hepatitis and
that between smoking and lung cancer, as well as
between tobacco chewing and oral cancer. Another
example is the association between lack of dietary fiber
and diseases like diverticulitis, colonic cancer, gallstone,
etc. This association was established as a result of the
epidemiologic studies of Burkitt.!® Another good
example is that of pellagra. Its etiology was earlier
disputed, being ascribed to diet by some and to
infection by others. Epidemiologic observations
indicated that while pellagra was common in inmates
of asylums in USA and ltaly, it was absent among the
attendants. This fact was incompatible with an infective
theory of pellagra but was readily explained by the
different diets of patients and their attendants.

TO ESTIMATE INDIVIDUAL RISKS AND CHANCES

Epidemiological methods make it possible to state how
much risk an individual has as regards developing a parti-

TABLE 3.3: Cause specific proportional mortality in 1985 in

Dadra and Nagar Haveli*

Year No. of deaths
1948 23191
1950 18813
1952 3894
1954 705
1958 206
1962 200
1966 8
1970 NIL
1994 53

Cause Percentage of deaths
1. Diseases of digestive system 41.2
2. Senility 14.7
3. Fevers 11.8
4. Prematurity 11.8
5. Diseases of respiratory system 5.9
6. Diseases of circulatory system 5.9
7. Accidents 5.9
8. Others 2.9

Note: The above data are based upon study of a representative
sample of 6025 out of a total population of 1,03,676.
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cular disease or as regards outcome of diseae. As an
example, it has been calculated that the lifespan of an
American male having 20 percent extra weight is 4 years
shorter than his normal weight counterpart. Other
examples are the risk of bearing a mongol child in relation
to mother’s age and the risk of developing lung cancer
and coronary disease in relation to smoking. While the risk
of bearing a mongol child is less than one in thousand for
mothers below 30 years, it rises steeply thereafter to about
1 in 45 for mothers above 45 years of age.

TO PLAN HEALTH SERVICES

Health services—preventive, curative as well as rehabi-
litative—must be commensurate with the health prob-
lems in a region. Adequate epidemiological data base
regarding the incidence and prevalence of various
diseases and disabilities is essential for planning proper
health services in a community. Examples are—health
manpower planning, hospital planning (number of beds
per thousand population for particular diseases) and
planning of immunisation campaigns. Such planning is
essential for preventing wastage of resources, minimizing
costs and improving the effectiveness and acceptability
of health services.

TO EVALUATE INTERVENTION MEASURES

New techniques and procedures are introduced from
time to time to prevent or treat disease. Their usefulness
and effectiveness needs to be demonstrated before their
widespread use is recommended. Epidemiology is very
helpful for this purpose. Examples are evaluation of
BCG, hepatitis vaccine and newer antirabies vaccines
in prevention of the respective diseases. From a wider
perspective, epidemiological methods and data help in
evaluating the health services and programs as such. An
example is the evaluation of universal immunization
program in India.

TO COMPLETE NATURAL HISTORY OF DISEASE

A physician sees only those patients who have active
clinical disease and seek treatment. Slow growing
diseases or those which remain asymptomatic for a long
time may remain unidentified and their etiology may
remain obscure unless they are studied using proper
epidemiological methods. A classical example is the
discovery of human slow growing viruses in the etiology
of certain degenerative brain diseases.

TO FORECAST FUTURE DISEASE TRENDS

In a limited way, it may be possible to assess in advance
the likely trends in incidence of certain disease on the
basis of known epidemiological principles. Examples are
cyclic occurrence of influenza and measles and change
in occurrence of malaria due to change in climatic factors

such as rainfall. Such trend forecasts are currently being
made in respect of AIDS.

TO IDENTIFY SYNDROMES

A syndrome refers to association of two or more
medical phenomena. Syndromes can be identified
when it is discovered through epidemiologic studies that
apparently unrelated phenomena have the same cause.
Examples are Plummer-Vinson syndrome (koilonychia
and esophageal cancer) thiamine deficiency (Wernicke’s
encephalopathy, peripheral neuritis and wet beri-beri),
and vitamin By, deficiency (anemia and subacute
combined degeneration of spinal cord). Conversely
epidemiologic investigations may reveal that what had
been lumped together earlier as one syndrome or
disease entity needs to be taken apart. An example is
the distinction between gastric and duodenal ulcer,
which was facilitated by the epidemiologic observation
that the former is more common among poor people.
Another example is Sydenham’s uniform and consistent
distinction of measles from other specific fevers. Other
examples are distinction of gout from rheumatoid
arthritis, gonorrhea from syphilis and infective hepatitis
(hepatitis A) from serum hepatitis (hepatitis B).

Frequency Measures

Three general measures are frequently used in epide-
miology, i.e. ratios, proportions, and rates. Ratio is the
most fundamental measurement in epidemiology using
two variables, say x and y, and obtained by dividing one
quantity by another without implying any specific
relationship between numerator and denominator
(expressed as x/ y) such as number of still birth per 1000
live births. Ratio express a relation in size between these
two quantities; the values of x and y may be completely
independent, or x may be included in y. For example,
the sex of patients attending an out-patient clinic could
be compared in either of the following ways:

* Male/Female

* All females/ Total

In the first option, x (female) is completely
independent of y (male). In the second, x (female) is
included in y (all). Both examples are ratios.

A proportion is a ratio in which numerator (x) is
included in denominator (y). Of the two ratios shown
above, the first is not a proportion, because x is not a part
of y. The second is a proportion, because x is part of y.
This is ratio of a part to whole is expressed as percentage.

Rate, is often a proportion, with an added
dimension of time: it measures the occurrence of an
event in a population over time. The basic formula for
a rate is as follows:

Number of events or cases occurring

during given period of time
x 10"
Population at risk during the same time period

Rate=




Morbidity and Mortality Frequency Measures

To describe the presence of disease in a population, or
the probability (risk) of its occurrence, following
frequency measures may be used. Tables 3.4 and 3.5
show a summary of the formulas for frequently used
morbidity and mortality measures.

Secondary Attack Rate (SAR) and Attack Rate

A secondary attack rate is a measure of the frequency
of new cases of a disease among the contacts of known
cases. It indicates the propensity of disease transmission
in population. To workout numbers of contacts (at risk),
we usually subtract the number of primary cases from
the total number of people.

Example:
Seven cases of diarrhea were reported among 60
residents of a hostel following a meal. Following

incubation of 24 hours further 10 cases occurred
among the inmates of the hostel next day. We will
calculate the attack rate and the secondary attack rate
among contacts of those cases.

1. Attack rate in childcare center:

x = No of primary cases of diarrhea = 30

y = number of at risk population in hostel = 60

30
x 100 = — x 100 = 50%

X
Attack rate = v 50

2. Secondary attack rate:

x = cases diarrhea among the contacts following
primary cases was 10
vy = number of persons at risk (total number of

members—resident already infected)
= 60-30 =30

Secondary attack rate = — x 100 = x 10 = 33%

TABLE 3.4: Common measures of morbidity

Morbidity rates Numerator

Denominator Multiplier

Incidence rate Number of new cases occurring during a

given period of time interval

Average population at risk during same time Varies: (10")*

interval

Attack rate** Number of new cases of a specified
disease reported during a given period

of time interval

Total population at risk, for a limited period
of observation

Varies: (10")*

Secondary attack rate** | Number of new cases of a specified
disease among contacts of known cases

Number of contract population at risk Varies: (10")*

Total number of current cases
(new and old) of a specified disease
existing at a given point in time

Point prevalence

Estimated population at the same point in time Varies: (10")*

Total number of current cases
(new and old) of a specified disease
identified over a given time interval

Period prevalence

Estimated population at mid-interval Varies: (10")*

NB: *The value of n may be 1, 2, 3,4, 5, 6
** These are special type of incidence rare

TABLE 3.5: Common measures of mortality

Mortality rates Numerator Denominator Multiplier
Crude death rate Total number of deaths reported Estimated mid-interval population 1,000 or 100,000
during a given time interval
Cause-specific Number of deaths assigned to a specific | Estimated mid-interval population 100,000
death rate cause during a given time interval
Proportional mortality Number of deaths assigned to a specific | Total number of deaths from all causes 100 or 1,000
cause during a given time interval during the same interval
Neonatal mortality rate | Number deaths under 28 days of age Number of live births during the same 1,000
during a given time interval time interval
Postneonatal Number of deaths from 28 days to, Number of live births during the same 1,000
mortality rate but not including, 1 year of age, time interval
during a given time interval
Infant mortality rate Number of deaths under 1 year of Number of live births reported during 1,000
age during a given time interval the same time interval
Maternal mortality rate | Number of deaths assigned to Number of live births during the same 100,000
pregnancy-related causes during time interval
a given time interval
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PERSON-TIME RATE

A person-time rate is a type of incidence rate that directly
incorporates time into the denominator. When a
person or an event is observed for variable length of
time we use person time as denominator for calculation
of such rate. The denominator is the sum of the time
each person is observed, totalled for all persons and
numerator is still the number of new cases.

Number of cases during
the period of observation

Person-time rate = x 10"

Sum of time each person is
observed (total person time)

Risk Ratio (Refer General Epidemiology—
Chapter 4, Page 35)

A risk ratio, or relative risk, is the ratio of incidence
of disease among exposed to risk factor and that among
non-exposed to risk factor. It compares the risk of some
health-related event such as disease or death in two
groups. The groups may be differentiated by
demographic factors such as sex (e.g. males versus
females) or by exposure to a suspected risk factor (e.g.
high fat vs low fat intake) or by other factors. A risk
ratio of 1.0 indicates identical risk in the two groups.

R Incidence of disease among exposed to risk factor

Incidence of disease among non-exposed to risk factor

ATTRIBUTABLE RISK (AR)

It indicates excess risk of a disease that can be ascribed
to exposure over and above that experience by non-
exposed. It is also known as the ‘Attributable Risk
Percent’/Attributable Proportion or ‘Risk Difference’. It is
a measure of the public health impact of a causative
factor and predict about the expected reduction in disease

if the exposure could be removed (or never existed).
Incidence among exposed — Incidence among non-exposed

Incidence among exposed

POPULATION ATTRIBUTABLE RISK

It is a measure of excess risk of disease in a population
that can be solely attributed to a particular risk factor.
It provides an estimate of the amount by which disease
could be reduced in that population if the suspected
risk factor is withdrawn.

Incidence of the disease in total population —

Incidence in non-exposed population
PAR =

Incidence of the disease in total population

Methodology of Epidemiological Studies

Any epidemiological study consists of the following six
methodical steps:

1. Definition of the problem, such as relationship of
cancer and smoking.

2. Statement of existing facts by tabulating all available
information as per age, sex, class, profession, habits
and other characteristic features.

3. Formulation of hypothesis, such as smoking causes
lung cancer.

4. Testing the hypothesis by making observations, trials
or investigations to see if the hypothesis holds good.

5. Statistical analysis and drawing of logical conclusions.

6. Recommendations, if any.

It may be mentioned that four things are needed
for carrying out a good field epidemiological study.
These are a field unit, a statistical unit, a laboratory and
an efficient transport system. The field unit consists of
interrogators, technicians, enumerators, social workers,
public health nurse, etc. with an epidemiologist as the
head who should either be a good clinician himself or
should have one in his team.

INTERNATIONAL CLASSIFICATION OF DISEASES

The essence of epidemiology lies in comparison of
health and disease related data with reference to time,
place and person. Comparisons can be meaningful only
when different people understand a particular health
term to mean the same thing all over the world. This
is made possible through a system of “International
Statistical Classification of Diseases and Related Health
Problems.20 This is briefly referred to as ICD-10,
denoting that it is the tenth revision of the International
Classification of Diseases. The first classification was
published in 1893 as the Bertillon Classification of
International List of Causes of Death. During last ten
decades, there have been as many revisions. From Sixth
Revision (1948) onward, the ICD has been coordinated
by WHO. The ICD-10 came into effect on 1.1.1993.
It is essential for all doctors to understand the concept
of ICD-10, its role and its limitations.

BASIC STRUCTURE OF ICD

The ICD-10 differs from ICD-9 in that it uses an
alphanumeric code instead of a purely numeric code.
The basic or core code is a three character code,
comprizing a letter of the alphabet (excluding U) followed
by two digits from 0-9. When finer classification is needed,
a fourth character, a digit, is added after a decimal.
Letter U is reserved for provisional classification of new
diseases of uncertain etiology.

The total ICD-10 is divided into 21 Chapters, each
chapter having a few blocks of disease categories. For
example, chapter 1 is titled “Certain infectious and para-
sitic diseases”. It covers entries from AOO to B99 spread
over 21 blocks. The block for viral hepatitis (B+15 to
B19) has the following three character categories:



B 15 Acute hepatitis A

B 16 Acute hepatitis B

B 17 Other acute viral hepatitis
B 18 Chronic viral hepatitis

B 19 Unspecified viral hepatitis

Under B 15 acute hepatitis A are listed 2 four
character categories:
B 15.0 Hepatitis A with hepatic coma
B 159 Hepatitis A without hepatic coma

A list of the 21 Chapters in ICD-10 along with the
number of categories in each chapter is given below.

CLIMATE EPIDEMIOLOGY

Human beings are directly exposed to various forms of
changes in climate including temperature, extreme
events like cyclone, heat waves, sea level rise, etc. The
fourth assessment report of the Intergovernmental Panel
on Climate Change (IPCC) has stated the contribution
of climate change on the global burden of diseases and
premature deaths.?! Climate epidemiology will provide
more accurate estimations of disease burden,
vulnerability, forecasting and adaptation capacity, which
would help in appropriate resource allocation for all
preventive measures.

SOME PUBLIC HEALTH SOFTWARE

Health map: Created by joint WHO/UNICEF program
to establish a GIS in Guinea worm eradication program,
now it has been expanded to other public health
applications.

Health mapper: It simplifies collection, storage,
retrieval and analysis of public health data to support
planning and decision-making both at macro and
microlevel.

Epi map: Data are displayed by geographic or other
maps.

Epi analyst: Used in epidemiological research.

Epi info: It can be used for data entry and analysis;
in addition it is used to develop a questionnaire.

Statistical package for social sciences (SPSS):
It is a comprehensive system for analyzing data. SPSS
can take data from almost any type of file and use them
to generate tabulated reports, charts and plots of
distributions and trends, descriptive statistics, and
complex statistical analyzes. Different versions of this
software are available.
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Diseases have afflicted mankind since days of yore.
Alterations in growth, disturbances of metabolism,
degenerative changes with advancing years, accidents,
poisons, tumors, cancers, and invasions of body by
microorganisms, all seem to have occurred with varying
extent and distribution with the changing environment
in which man has lived.!

Epidemiology has been recognized as “the multi-
disciplinary study of the distribution (person, place,
time) and determinants (cause) of health-related
states or events in specified populations and the
applications of this study to control of those health
problems”.?% Epidemiology has evolved over a few
centuries. It has borrowed from sociology,
demography, statistics, as well as other fields of study
and it is still considered as neonate or budding
science.® It was not until the 19th century that the
fabric of epidemiology was finally woven into a
distinct discipline with its own philosophy, concepts
and methods.® Epidemiological principles and
knowledge of distribution of disease may be utilized
to describe the natural history of disease as well
causal factors.” Thus, it is useful to know how the
duration of a disease and the probability of the
various possible outcomes (recovery, complication,
death) vary by age, gender, and so on. Such
knowledge is useful not only for prognostic purposes
but also in advancing hypotheses as to what specific
factors may be more directly involved in determining
the course of disease in an individual.®

Epidemiology is the basic science of public health
that deals with health and disease in population. It has
been defined various way by different epidemiologist.

Definition

‘Study of the distribution and determinants of health
related states or event in a specified population and
application of this study to the control of health problems’
(Jhon M Last, 1988). Last’s in his definition emphasized
that epidemiological study is not only concerned with the
disease but also with ‘health related events’. The term
‘epi’ means among and ‘demos’ means people; any
study undertaken among population to find the
magnitude of health problems and their distribution,

General Epidemiology

causes with a aim to suggest remedial measures for those
problems are called epidemiology. The word ‘study’
denotes scientific inquiry on some problem or event. The
epidemiological investigation to health problem involves
following two basic approaches.

1. Asking questions: Availability of data is prerequisite
for any systematic investigation on health problem
in population; key information can be approached
through a series of questions:

e What is the health problem, condition, what are
its manifestation and characteristics?

* Who are affected, with reference to with age,
sex, social class, etc.?

* Where does the problem occur, in relation to
geographical distribution, residence, place of
exposure, etc.?

* When does it happen in terms of day, months,
seasons, etc.?

* Why does it occur, in terms of the contributing
or causative factors?

* So what can be done? What intervention may
have been implemented? Have there been any
improvement following any action?

2. Making comparisons: The next basic approach is
to make comparison and draw inference. Such
comparison may be made between different
population at a given time, between subgroup of
population, or between various periods of
observation. By making comparisons, the
investigator attempt to find out the difference related
to study variables among study and comparison
group, which help to draw inference on contributing
factor or etiology of a disease. To ensure the
‘comparability’ between the groups (i.e. study group
and control group), both the groups should be as
similar as possible to all factors that may relate to
the disease except to the variable under the
investigation. In other word we can say that ‘the like
can be compared with like’.

Types of Epidemiological Study

Epidemiological studies can be broadly classified as
observational and experimental study with further
subdivision, however, these studies cannot be regarded



as watertight compartment; they complement one
another.

Observational study
e Descriptive—it includes case report, case series,
correlation/ecological study, cross-sectional/prevalence
studies.
* Analytical—can be of following type
—  Group based—the unit of study is population as
group, e.g. ecological study
— Individual based
i. Cross-sectional
ii. Retrospective—this can be case control study
iii. Prospective—this is cohort study, also called
follow-up study

Experimental Study (Interventional study)

Experimental study (Interventional study)—include
clinical trial, field trial, etc.

OBSERVATIONAL STUDY

In this study nature is allowed to take its own course,
investigator only measure do not intervene or
manipulate any variable. This includes descriptive and
analytical epidemiology. The descriptive epidemiology
is concerned with measuring frequency and study of
distribution of health related problem in population
whereas analytical epidemiology attempts to analyze the
cause or determinants of disease (how the disease
caused?) by testing the hypothesis that has been setout
in the study.

EXPERIMENTAL STUDY (INTERVENTIONAL STUDY)

Unlike the observational study, the researcher in an
experimental epidemiological study, control or
manipulate one or more factors in the study to obtain
information how the factors influence the variables in
the study and draw inference. This manipulation may
be deliberate application or withdrawal of suspect causal
factor or changing one variable in the experimental
group while making no change in the control group and
comparing the outcome in both groups. The
experiments are designed to test the cause effect
hypothesis.

EVALUATIVE STUDY

Evaluative study are those that appraise the value of
health care; they are setout to measure the effectiveness
of different health services. They are of two main types:
review and trials.

Types of Evaluative study

* Program review
e Trials
— Clinical trials

— Program trial
— Trial of screening and diagnostic tests

Study Design

Structuring of research design can be divided into
observational and experimental type. Observational
types of studies generally employ the method of sample
surveys, where a sample of the population is observed
for various characteristics, whereas surveys where the
observations on cause and effect differ by way of a
period of time (such as case-control studies and cohort
studies) are considered to be analytical in nature, and
inference of associations can be made.

Study design may be classified into different type
according to time of measurement of specific factor
(cause) and its effects (disease).

Cross-sectional

A survey or study that examines people in a defined
population at one point of time. Cross-sectional study
may be descriptive, analytical, or both. Descriptive cross-
sectional survey usually provides prevalence data but
repeated survey can be used to give an estimate of
incidence. In cross-sectional surveys the information on
cause and effect is simultaneously gathered and the time
sequence cannot be determined (e.g. study of
relationship between body built and hypertension).
Hypothesis may be generated from this type studies.
This approach is useful during investigation of epidemic.
This cannot distinguish whether exposure preceded the
development of a disease or presence of a disease affect
the individual’s level of exposure. From epidemiological
study it has been noted that individuals with cancer have
significantly lower level of B-carotene in blood but from
the study it is not possible to comment, which is the
cause and effect. It is to be noted that in cross-sectional
design observations are made at one point of time only.

Longitudinal study design: In contrast to previous
designed described there is another type called
longitudinal study design. In this design the observations
or data refer to for more than one point of time. The
difference between cross-sectional surveys and
longitudinal studies can be expressed similar to
difference between snapshot and motion picture.

Retrospective (Backward Looking Study)

Here the investigator start with effect and goes back to
find the cause.

Prospective (Forward Looking)

In this study the investigator start with causative factor
and goes forward to the effect. The term prospective
not necessarily mean that the study is carried out in
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Retrospective study

|

Fig. 4.1: Schematic presentation of prospective
and retrospective study design

Prospective study
(Direction of inquiry)

future, it can be carried out based on findings on record
in past. Study population are divided into two groups,
exposed to the factor of interest and not exposed to
that factor, and then followed up to see and compare
the development of disease in these two groups.

‘Retrospective’ and ‘prospective’ are distinguished by
temporal relationship between initiation of study and
the occurrence of disease outcome being studied. If the
outcome and exposure both have already occurred at
the initiation of investigation called retrospective (it can
be case-control study or retrospective cohort study) and
if the outcome of interest has not occurred at the
initiation of investigation called prospective (also called
cohort study) (Fig. 4.1).

Choice of Study Design

A particular research question may be addressed using
different epidemiological approach; the choice depend
upon nature of the disease, type of exposure and
availability of resources, as well as result from previous
studies and gap in knowledge. The descriptive studies
are primarily carried out for measuring frequency and
describing pattern of disease or health related problem
and for formulation of etiological hypothesis. On the
other hand both case-control and cohort study can be
used to test a hypothesis. For rare disease a case control
study design is useful and for common diseases cohort
study is suitable (large no of subjects available and need
follow-up to get sufficient number of case).

Descriptive Epidemiology

The distinctive feature of this approach is that its primary
concern is with description rather than with the testing of
hypotheses or proving causality. This study is concerned
with disease distribution and frequency in human
population in relation to time, place and persons and
identifies the characteristics with which the disease in the
question is related. In this study the investigator tries to
get the answer of questions about a disease or health
related events. What is the problem and its frequency?
Who are affected (person distribution)? When the disease
occurs (time distribution)? Where (place distribution)?
Descriptive studies are useful to formulate hypothesis.
Distribution is concerned with finding the frequency
and pattern of disease or health related events in a
population. Rate (number of events divided by size of
the population) may be used to measure frequency,

which allows valid comparisons across different
populations. Pattern refers to the occurrence of health-
related events by time, place, and personal characteristics.
Sometimes we can study association between variables,
which help in formulation of hypothesis.

MEASURING FREQUENCIES

The two main measures of frequency of disease, health
problems and utilization of health services are incidence
and prevalence. Incidence and prevalence may be
expressed in absolute number or rate.

TIME TREND

These explain time distribution of occurrence of disease
or health related events.

Secular Trend (Long-term)

Variation that occur over period of years, e.g. incidence
of diphtheria showing decrease trend and diabetes,
CHD, cancer showing rising trend since last few decade.

Periodic Trend (Cyclical Fluctuation)

Periodic fluctuation in occurrence of diseases is known
as periodic trend, e.g. upsurge in influenza activity every
2 to 3 years result from antigenic drift of virus. Cause
of periodic variation: (a) Variation in herd immunity, (b)
Antigenic variation in agent.

Seasonal Trend

Annual variation in the disease incidence that is related
in part to a season is called seasonal trend, e.q.
community acquired infections and nosocomial infections
show increased incidence in winter months because
people inhale closed unfiltered air with droplet nuclei.

Acute (Epidemic) Trend

Short-term fluctuation is seen with epidemic outbreak.
Epidemic is portrayed by epidemic curve, which is a
graphical presentation of number of cases plotted
against time.

PLACE DISTRIBUTION

World is not uniform in its characteristics, it varies in
culture, standard of living, genetic makeup, etc.
Relative importance of these factors in etiology of a
disease can be studied due to difference in place
distribution, e.g. migration study can distinguish genetic
and environmental factor in disease aetiology. To analyze
by place, we usually organize data into a table, a map,
or both. Variation may be classified under various levels.



International Variation

Stomach cancer is highest and breast malignancy is lowest
in Japan, oropharyngeal cancer is high in India in
comparison to other part of world.

National variation

Disease variation is also noted within the country.

Rural-Urban variation

Ch. bronchitis, mental illness, accidents, CHD are more
common in urban area.

Local Variation

Geographical variation can best studied with aid of
‘Spot map/ Shade map’ which at a glance can show
high or low frequency of a case. Clustering of cases may
suggest common risk factors shared by all. Spot map
used in John Snow cholera epidemic investigation’
showed a common water pump in the Broad Street was
source of infection thus helped to hypothesized that
‘cholera is an water born disease’.

Person Distribution

Disease or a health related event is described by personal
characteristics like demographic factors (e.g. age, race,
sex, marital status), socioeconomic status, behaviors,
environmental exposures, etc.

TYPES OF DESCRIPTIVE STUDY

* Case series: This kind of study is based on reports
of a series of cases with no specifically allocated
control group.

* Community diagnosis or needs assessment.

* Epidemiological description of disease occurrence.

e Descriptive cross-sectional studies or community
surveys (‘prevalence’ study)

e Ecological descriptive studies: When the unit of
observation is an aggregate (e.g. family, clan or school)
or an ecological unit (a village, town or country) the
study becomes an ecological descriptive study.

CASE REPORTS AND CASE SERIES

Case report is the descriptive study of the individual in
terms of a careful, detailed report of a single patient.
Case series means characteristics of a number of patients
with a given disease. In other words, case series are the
collection of individual case reports, which may occur
within a fairly short period of time. These studies lead
to formulation of new hypothesis.

Advantages

* New diseases are recognized, for example: Acquired
Immunodeficiency Syndrome (AIDS), 5 cases of
Pneumocystis carinii pneumonia

* Formulation of new hypothesis concerning possible
risk factors.

Disadvantages

* (Case reports are based on experience of only one
person

* Cannot be used to test the presence of valid association

* Presence of risk factors may be purely coincidental
and hence unreliable.

The planning phase of a descriptive cross-
sectional study:
The following steps should be followed in conducting
a descriptive epidemiological survey:
* Formulation of study objectives
* Planning of methods
— Study population
— Variables
— Methods of data collection
* Methods of recording and processing data
*  Comparing with known indices.

Objectives of a Descriptive Study

In formulating the objectives, the researcher expresses
what he wishes the study to yield. The researcher may
investigate the characteristics of population or obtain
information on health status and health service (e.g. to
find out incidence, prevalence, case fatality rate,
distribution of some events, etc); and sometimes may
find the association between variables, which help in
formulation of hypothesis (e.g. the incidence of disease
may be measured by time, place, person). Objectives
should be expressed in specific and measurable term.
The more specific the objectives the more easy it is to
generate reliable and valid data.

The Study Population

Definition, sampling and sizing: This is the individual unit
of study (persons, families, medical records, specimens,
etc). It should be clearly and explicitly defined in terms of
age, sex, occupation and other relevant criteria. The
procedures for finding and inclusion of subjects (e.g.
volunteers, hospital populations, people in the community)
in the study should be clearly mentioned. The whole of
the population in a geographical area or a representative
part of it (sample) may be taken as study population.

Variables: Selection, Operational Definition
and Measurement

The characteristics that are measured referred to as
variables, which may be measured numerically (e.g.
weight, height) or in terms of category (e.g. sex,
presence or absence of a disease). Each of the variables
used in the study should be clearly and explicitly
defined. There are two kind of definition—conceptual
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and operational. The conceptual definition defines the

variables as we conceive it where as the operational

definition (‘working definition’) define the characteristic
as we actually measure it. An example of operational
definition of obesity: A weight, in under clothes without
shoes which exceeds by 10% or more of standard
weight for age, sex and height in a specified population.

The disease under the study should be defined by

a set of standard criteria called 'Case Definitior’. By using

a standard case definition we ensure that every case is

diagnosed in the same way, regardless of when or where

it occurred, or who identified it. A case definition consists
of clinical criteria and sometimes specified by limitations
on time, place, and person. The clinical criteria usually
include confirmatory laboratory tests, if available, or
combinations of symptoms (subjective complaints), signs

(objective physical findings), and other findings. For

example, ‘Clinical measles’ may be defined as follows:

* Any person with fever and maculopapular rash (i.e.
non- vesicular or without fluid), with cough or coryza
(running nose) or conjunctivitis (red eyes).

e The variables under the study should be measured
and described by time, place and person (described
in earlier section).

Methods of collection, recording, processing
and analysis of data should be planned before
starting the study.

Comparing with Known Indices

By making comparisons, the investigator attempt to find
out the difference related to study variables, which help
to draw inference on contributing factor or etiology of
a disease.

Determinants means to search for causes and other
factors that influence the occurrence of health-related
events.

Analvtical (Explanatory Study): This study aims to
explain a situation, i.e. to study the determinative processes
of a disease or event. This tries to analyze the relationship
between health status and other variable. Why does the
disease occur in these people? Why certain people fail to
make use of health services? Can decease incidence of a

disease be attributed to preventive measures? Analytical
study may be group based or individual based. In the
group based study the researcher attempt to compare the
data related to a variable in a group of population. For
example, correlation study, a type of analytical study uses
data from group of population as unit to compare the
disease frequency among different group, e.g. per capita
consumption of meat and rate of colonic cancer among
population of different countries showed positive
correlation. This type of study cannot test the hypothesis
as they refer to group of population rather than to
individuals. Individual based analytical studies though
undertake survey of groups but they utilize information
about each individual in the group. Two most important
study designs under this category are be Case-control
study or Cohort study (Table 4.1).

Case control study: In this study an investigator starts
with diseased subjects and look back to study the
exposure to the suspected factor. The diseased subjects
taken for the study are called cases and another group
without disease called comparison group are taken to
compare the rate of exposure to the suspected factor
in these two categories (Fig. 4.2).

Disease occurrence over the time

Direction of inquiry

Cause Effect
Exposed
(Find exposure rate «—
among cases) Exposure?
Cases
(People with disease)
Not exposed
(Find nonexposure +—
rate among cases)
exposed
(Find exposure rate «—
among control)
Exposure? Control
(People without
disease)
Not exposed
—

(Find nonexposure
rate among control)

Fig. 4.2: Case control study design (Effect to cause study)

TABLE 4.1: Strength, weakness and main difference between case control cohort study

Case control

Cohort

* Proceed from effect to cause
« Start with diseased population
« Case control provide information about one outcome only

Allow to study the range of exposure

Suitable for study of a rare disease

For rare exposure study, case control may not suitable one
Cannot estimate the incidence of a disease, so only can give
estimate of relative risk (odd’s ratio)

e Time, cost, involvement is more

¢ No problem of drop-out but record based information

may be a problem

Proceed from cause to effect

Start with people exposed to the factor under study
Useful for evaluating more than one outcome related to single
exposure

Usually focus on one exposure only

Impractical to consider cohort study for rare diseases
Suitable for rare special exposure study

Can provide accurate estimate of incidence of a
disease—possible to find RR and attributable risk

Time, cost, involvement is more, more

Being a follow-up study there is more chance of drop-out




Features of a case control study:

* Both exposure and outcome have occurred before
the beginning of the study.

* Proceeds from effect to cause.

e Use a control or comparison group to support or
refute an inference.

Steps of case control study:

e Statement of the hypothesis

* Selection of cases and control

* Matching between cases and controls
* Measurement of exposure

* Analysis and interpretation.

STATEMENT OF THE HYPOTHESIS

This should be based on hypothesis which has been
formulated from previous descriptive study or from
previous experience.

Selection of Cases and Control

Defining the cases: The cases should be defined
beforehand to avoid bias in the study. Diagnostic criteria
and eligibility criteria should be established for cases.

Sources of cases: The cases can be taken from
hospital or community.

Selection of control: The controls should be similar
to cases as much as possible in respect of different
variables except for presence or absence of the disease
under study. Controls are not needed in the study in
which hypotheses are not tested. Selection of controls
depends on the nature of study. In a retrospective
survey the association between a postulated cause and
disease, the study group is compared with control
group. Control should be selected from same source
population from which the cases have been taken.
Control should be representative of source with respect
to exposure. Time during which a subject is eligible to
become a control should be same in which an individual
become a case.

Source of control: The controls can be taken from
hospital, relatives, neighbours or general population.

Control from hospital or clinic: In a case control
study, the controls can be selected from the patients with
other disease (other than the disease under study) from
same hospital or clinic. In this type of control selection,
the study and control population are similar at least to
some extent as they are from same parent population
(catchments), and are subject to same selective factor.
However, the selected control group being ill may not be
representative of person without the disease under study.

Population control: If the cases are representative
sample of a defined population and controls are
sampled directly from that population, a random
sampling of control may be a suitable one. If a
population register exist or can be compiled this may

be desirable method of control selection.

Size of control: Ideally case control ratio should be
1:1, but when there is doubt regarding the matching
of all variables, several controls may be taken to
increase comparability (e.g. 1:4). Any specific deficiency
in matching can be compensated by inclusion of another
group and thus will increase the power of test.

Neighborhood control: Where source population
cannot be enumerated, instead of going through
random sampling control match, the investigator may
take control people who reside in the same
neighborhood.

Matching between Cases and Controls

The controls should be similar to cases as much as
possible in respect of different variables and matching
can ensure this. Matching can be done various ways:

Individual matching: Each control may be so selected
that he or she should be similar to the study subject in
respect of different variables. This type one to one
control can be taken from spouse, sibling, friends,
neighbor, fellow worker, etc. This one to one close
matching may not be possible if we wish to control more
than two or three variables simultaneously.

Group or stratified matching: If control is taken as
group and matching is done with study group for
different variable like age, sex, occupation, etc. called
group matching.

A combination of above may be used. Whatever
method is used for selection of controls, clear cut rules
should be laid down to ensure objectivity. For example,
in individual matching, the degree of similarity must be
expressed clearly for each characteristic.

Measurement of exposure: Measurement criteria
must be defined clearly and same criteria should be
used for measuring variables among the cases and
controls.

Analysis and interpretation: A variety of statistical test
are available some commonly used test are described
below:

Frequency distribution of all variables: It is advisable
to start the analysis by examining the frequency
distribution of variables.

Summarvy of frequency distribution: Summary statis-
tics of frequency distribution such as mean percentage,
rate, of relevant variables can be calculated.

Association between variables: Analysis is done by
finding and comparing the rates of exposure to a
suspected factor among cases and controls. Simple
methods of cross tabulation with a pair of variable may
reveal association. Basic analytic framework for a case
control study is 2 X 2 (Table 4.2). For example if the
intension is to test the hypothesis that ‘cigarette smoking
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causes lung cancer’, the investigator begin with lung
cancer cases (a+c) and matched control (b+d) to find
out if there is any difference in exposure to a risk factor.
This difference can be found out by statistical test of
significance.

Calculation of Odds ratio: Since the typical case
control donot provide incidence rate of disease in
exposed and nonexposed group we donot get true
measurement of relative risk from this study; instead we
use the odds ratio as a measure of estimation of disease
risk associated with exposures. The odds ratio is
sometimes called the cross-product ratio, because the
numerator is the product of cell a and cell d, while the
denominator is the product of cell b and cell ¢ (Table
4.2). The odds ratio is calculated as:

Odds ratio = ad/bc

TABLE 4.2: A case control study of smoking and lung

cancer with hypothetical data

Exposure Cases Control (without
(lung cancer) lung cancer)
Smokers a (95) b (70)
Nonsmokers c (5) d (30)
Total a+c (100) b+d (100)

Exposure rate:
e Cases = a/(a+c) = 95/100=95.0%
* Control = b/(b+d) =70/100=70.0%

Test of significance for the difference noted in
exposure rate: p value < 0.001

Estimation of risk by Odds ratio: ad/bc =2850/
350=8.14.

COHORT STUDY
(FOLLOW-UP STUDY)

It is an observational analytical study in which individuals
are identified on the basis of presence or absence of
exposure to a suspected risk factor for a disease and
followed over time to determine the occurrence of
subsequent outcome. This is also called ‘cause to effect
study’ as the outcome of interest has not occurred at the
initiation of investigation (Fig. 4.3). It has the advantage
of establishing the temporal relationship between
exposure and health outcome, and thus they measure
the risk directly. The Framingham study is a well-known
cohort study which has followed over 5,000 residents of
Framingham, Massachusetts, since the early 1950’s to
establish the rates and risk factors for heart disease.’

Features of a Cohort Study

e Exposure has started or yet to start but outcome has
not yet occurred. However, in retrospective cohort

Disease occurrence over the time

Direction of inquiry

Cause = Effect
Disease
developed?
Exposed
| fo a risk factor
Disease not
5 Classified according developed?
o3 to exposure to
s 3 a risk factor
w
o5 =
g2 Disease
a0 developed?
Not exposed
to risk factor
Disease not
developed?

Fig. 4.3: Cohort study design (Cause to effect study)

study both have occurred, but investigation is
designed to proceed from cause to effect.

* Proceeds from cause to effect.

e Use a nonexposed group to support or refute an
inference.

Cohort: A well-defined group of people who share
some common characteristic or experience called
cohort. A group of people born during a particular year
is called birth cohort, a cohort of smokers has the
experience of smoking in common. There are two
cohorts in cohort study, one of them is described as
exposed cohort (exposed to the putative cause or
condition) and other is unexposed or reference cohort
(not exposed to the putative cause or condition). There
may be more than two cohorts when exposure is
classified according to level or type of exposure.

Indication: When exposures are uncommon but
incidence of disease among the exposed group is
comparatively high then cohort study may be suitable
one (e.g. radiation exposure).

Type of Cohort Study

Depending upon the temporal relationship between the

initiation of the study and the occurrence of the

outcome (e.g. disease) the study can be classified under
following heading.

* Prospective cohort study: The study subjects are
classified on the basis of presence or absence of
exposure and followed up to find the development
of the outcome of interest. In this type, exposure
may or may not have occurred but outcome must
not have occurred at the beginning of the study.



* Retrospective (historical) cohort study: The subjects
are also classified on the basis of presence or absence
of exposure but in this type both the exposure and
the outcome of interest have already occurred at the
banging of the study. A historical cohort study
depends upon the availability of good data or
records that allow reconstruction of the exposure of
cohorts to a suspected risk factor and follow-up of
their outcome (e.g. mortality or morbidity) over time.
The study can be carried out quickly and with limited
resources.

* Combined cohort study having both retrospective
and prospective design.

* Inserting case control with cohort study (nested case
control).

Methodology (Steps) of Cohort Study

e Selection of study subject

* Selection of comparison group

e (Obtaining information on exposure
e Follow-up

* Analysis and interpretation.

SELECTION OF STUDY SUBJECT

Initially the members of cohort must be free from the
disease under study. The study subjects may be drawn
from:

GENERAL POPULATION

The study subjects are chosen from general population
(not a special exposure group). Subsequently they are
divided into two groups described as exposed cohort
and unexposed or reference cohort. Both the group
should be representative of corresponding segment of
general population. Relatively common exposure such
as smoking, coffee drinking a large number of exposed
subjects could be identified from general population.
Famous ‘Framingham heart study’ selected study cohort
from the resident of Massachusetts and followed them
for 30 years.

SPECIAL GROUP

For rare exposure, such as related to a particular
occupation, or environmental condition in a specific
geographical location, it is more efficient to choose
cohort from special group, e.g. doctors, nurses,
occupational group, special exposure group, etc. It gives
sufficient number of exposure population within
reasonable time. For example, to study the relationship
between industrial solvent and carcinoma, a
retrospective cohort can be selected from particular
occupation group.

Selection of Comparison Group

The comparison group (unexposed or reference cohort)
should be as similar as possible to exposed cohort with
respect to all factors that may relate to the disease
except to the variable under the investigation.
Comparison group is required to compare the difference
in the rate of disease occurrence among two groups.
There are various ways of selecting the comparison
group. The controls can be taken from hospital,
relatives, neighbors or general population.

Internal comparison: A single general cohort is
entered in the study then its members are classified into
different exposure groups on the basis of information
obtained before the development of disease. The cohort
study undertaken by Doll and Hill (1950) classified
British physicians into smokers and nonsmokers group
which acted as an internal comparison.

External comparison: In a cohort study of special
exposure group it may not be possible to identify a
portion of cohort that can be assumed to be
nonexposed to the suspected risk factor for comparison.
In such situation an external comparison group can be
taken from general population or any other special
exposure cohort, which is similar with study cohort. A
cohort of radiologist can be compared with cohort of
ophthalmologist to investigate the effect of radiation on
development of malignancy.

Comparison with general population rate: Disease
experience of study cohort can be compared with that
of general population, e.g. lung cancer mortality of
uranium mineworkers can be compared with that of
general population.

Obtaining information on exposure: The goal is to
obtain complete, comparable and unbiased
information. Exposure information should be collected
in such a manner that the study group can be classified
according to degree of exposure. Information about the
exposure may be obtained from number of sources.

* From cohort members by interview or mailed
questionnaire.

* Review of available records.

* Medical examination or special test.

e Other sources.

Follow-up: At the beginning of the study, method
should be developed to obtain data for assessing the
outcome. The entire study participant should be
followed up from point of exposure.

Analysis: The basic analysis of data from a cohort study
involves the calculation of incidence rate of a specified
outcome among both the group and estimation of risk.
The rates can be compared among various groups with
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Measures (Refer Basic Measurement in Epidemiology

in Chapter 3)

e Relative risk (true measurement of risk)

e Attributable risk (measurement of potential impact)

e Population attributable risk (measure of impact in
population).

Relative risk (RR): It estimates the magnitude of
association between exposure and disease. It indicates
the likelihood of developing the disease in the exposed
group relative to the unexposed group. It is a ratio of
the incidence of the disease among the exposed persons
to that in the unexposed persons:

RR = Incidence of disease among exposed persons/
Incidence of disease among nonexposed persons.

To calculate RR, a 2 by 2 table has to be made. The
pattern of the table is exactly the same as that given
in reference to the Odds Ratio. Exposure to the risk is
shown in rows (horizontal) and presence or absence of
disease is shown in columns (vertical).

Example: A cohort study is conducted to investigate the
effect of smoking habits on lung cancer. It is found that
among 200 smokers, 140 developed lung cancer while
among 200 non-smokers 70 developed lung cancer.
The following results were found:

Exposure Lung Lung Total
Smoking Habit Cancer Cancer
Present Absent
Smokers (Exposed) 140 (a) 60 (b) n1=200
Nonsmokers (Nonexposed) 70 (c) 130 (d) n2=200
Total 210 190 400

From the table, it can be seen that the incidence of
lung cancer over the total time period of the study
among the exposed people is 140/200 = 0.70 or 70
percent. The incidence among the non-exposed
persons is 70/200 or 0.35 or 35 percent. The relative
risk is therefore 0.7/0.35 = 2.0

This is interpreted, as “people who smoked cigarettes
were 2 times more likely to develop lung cancer than
the nonsmokers”.

Evaluative Study

In evaluative study some form of value judgements
may be required. Attempt should be made to reduce
the subjective element in judgment by using explicit
criteria in assessment. Basic questions that are addressed
in evaluative study provide the framework for setting
study objectives. Following are the basic questions of
an evaluative study:
* Requisiteness (appropriateness) of care: To what
extent is the care needed?
— Degree of need as judged by professionals
— Need can be assessed from relative importance
of problem, extent and severity of problem,
perceived need (expressed by public), expressed
demand (utilization of services)

*  Quality: Quality of care need to judge on following
aspect:
— Structure evaluation (about facilities and settings)
— Process evaluation (regarding performance of
activities)
* An appraisal of the performance of services indicate:
— What kind of services and how much?
— Coverage of services, utilization of services, degree
of compliance, community participation, etc.
— Outcome evaluation (regarding the effect).
Appraisal of outcome requires clear-cut criteria of
effectiveness. Effectiveness is the extent of achievement
of pre-established target or goal attained as result of
activities. If pre-established target or goal cannot be
used as criteria, the investigator will need to formulate
suitable criteria.
* Efficiency (Economic efficiency): Unit cost analysis,
cost effective ration, cost benefit ratio
» Satisfaction: Client satisfaction and job satisfactions
— Require attitudinal survey
— Not necessarily means high quality services
— Satisfaction ensure compliance.

USES OF EPIDEMIOLOGY
Refer Chapter 3 Page 22.

Some Example of Well-known Epidemiological Study

John Snow’s classic study on cholera epidemic:
John Snow is called the father of field epidemiology.
Conducted his classic study on cholera in 1854 in the
Golden Square of London. Snow believed that water
was a source of infection for cholera (hypothesized). He
began his investigation by marking the location of water
pumps source for human consumption in the locality
and then looked for a relationship between the
distribution of cholera case households and the location
of pumps. He noticed large number of cases in Broad
Street area and then used this information to map the
distribution of cases on what epidemiologists call a spot
map; he observed the clustering of cases around a
particular water sources (Broad Street pump). He also
gathered information on water consumption in other
area and noticed few number of cholera cases where
the resident obtained water from alternate source.
Consumption of water from the Broad Street pump
was the one common factor among the cholera patients
and concluded that the Broad Street pump was the most
likely source of infection. Snow removed the handle of
the Broad Street pump and aborted the outbreak.

Search for Cause and Risk Factors

Retinopathy of prematurity (ROP): In 1942, Terry
first described the presence of grayish white opaque
membrane behind the lens in premature babies known
as ‘retrolental fibroplasia’ or (ROP), the cause of which



was not known at that time. Epidemiology of disease
revealed peculiar clustering of ROP in a neonatal unit,
where paradoxically the premature infants’ survival rate
had been improving. Based on preliminary observation,
a well-controlled multicentric trial concluded that un-
controlled oxygen as toxic to premature retina.
Following that liberal oxygen use was discontinued in
premature infants.10

Diethyl stilbesterol (DES) and vaginal carcinoma:
Over a period of four years a physician diagnosed clear
cell Ca of vagina in seven young girls aged 15 to 22
years in a hospital of Boston in the year 1977. This
disease had never been reported before in this age
group. The apparent clustering of cases, led these
worker to design a case control study and result proved
that the use of DES during pregnancy was associated
with occurrence of vaginal carcinoma in their offspring.1?

Assessing the impact of legislative policy or law:!°

Epidemiological research can help to assess the influence

of legislative policy or law on health of public at large.

The effect of government law could be positive, in such

situation epidemiological study can provide scientific basis

to support the law. On other hand if the law is inflective

or harmful, epidemiology can provide scientific basis to

revert the policy or law in question. Example of some

research that proved to be beneficial is as follows:

e Labor law to protect worker from occupational
hazards

* Mandatory seat belt policy

* Antismoking policy.

Experimental Studies

An experimental study is a most definitive tool for
evaluation of clinical research. It is a gold standard for
evaluating effectiveness as well as side effects of
therapeutic, preventive and other measures in clinical
medicine as well as in public health.

An experimental study is defined as a study comparing
the effect and value of intervention(s) against a control in
a group of subjects. The basic difference between
observational and experimental study is the intervention
(manipulation).!! It may be mentioned that Phase-I and
Phase-II trials during development of a new drug are often
conducted without a control group but Phase III trials are
actual clinical trials having control groups.

Phase 1 Trial: These usually constitute the first step
towards clinical experimentation and research into new
or improved drugs, etc. Animal experiments are also
part of Phase 1 trial.

Advantages: Cheap and less time consuming

Purposes: Study of:

* The adverse effect of drugs

* Benefits of the drug

e Absorption, excretion, metabolism of drugs.

Phase 2 Trials (Quasi-experimental design): These
generally constitute the second step during drug
research. They may use a quasi-experimental study
design that may or may not have a control group. They
are more expensive than Phase 1 trials but are still less
time consuming and yield better results.

Limitations: Cannot control for observer/assessors bias
and bias due to sampling variation.

Purpose: To study:
* Benefits of drugs
e True effect of drugs.

Phase 3 Trials (True experimental design): These are

also referred to as Randomized Controlled Trials (RCT).

* There is a clear control group similar to the experi-
mental group

* The terms of follow-up and all other conditions are
kept similar for the two groups

* Blinding, preferably double-blinding, is observed to
minimize bias

e The subjects are randomly allocated to the treatment
or the control group as per predetermined randomi-
sation procedure.

Example: A new analgesic “A” is to be tried for post-
operative pain. Its efficacy is to be compared with a
standard analgesic “B” already in use. It has been decided
to try both of them in patients who have undergone a
particular type of surgery with similar results:

* Patients are randomly assigned to two groups;

* Either analgesic A or B is given to subjects in a parti-
cular group, the drug being contained in similar
color coded packs;

* Two groups are followed postoperatively for 3 to 4
days to look at the pain scores;

e After the results have been compiled, the code is
broken to form comparative groups.

* The results are then compared to look at the true
difference between the two groups receiving
analgesic A or B.

TYPES OF EXPERIMENTAL STUDIES

These may be as follows:

e Preventive or prophylactic trials
* Therapeutic or clinical trials

* Community (field) trials.

Preventive or Prophylactic Trials

Here intervention takes place before the disease has
occurred, e.g. study of vaccines or risk factors (stress,
smokers, etc). Example: vaccinating one group against
hepatitis B and leaving the other unvaccinated to study
the efficacy of Hepatitis B vaccine. The most famous
and one of the earliest vaccine trials was the one carried
out by Louis Pasteur to a nine-year-old boy Joseph
Meister on July 6th 1885.
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Therapeutic or Clinical Trials

A clinical trial is an experiment with patients as subjects.
Hence, the unit of study is a patient. The goal is to
evaluate one or more new treatments for a disease or
condition. The major ethical dilemma in such a trial is
to decide about using placebo, which is a preparation
containing no medicine or no medicine related to the
complaint and administered to cause the patient to
believe he/she is receiving treatment. It may sometimes
be difficult to decide while planning a drug trial as to
whether the control group should be given placebo or
the standard medicine against which the drug in
question is to be tested.!!

Example

e Treatment of carcinoma breast comparing surgery,
radiology and drug treatment.

e Studying a new drug for hypertension management
and giving the drug to one group and placebo to
another group.

Types of Therapeutic or
Clinical Trials

Randomized Control Studies

These are comparative studies with an intervention
group and control group. Subjects are assigned to
intervention or control group as per proper
predetermined procedure of randomization.
Randomization is a process by which all subjects are
equally likely to be assigned to either group.

Advantages

e Strong ability to prove causation

* Minimize or remove the potential bias in the
allocation of subjects to intervention group or to the
control group

e Randomization tends to produce comparable groups

* Randomization would guarantee the validity of
statistical tests of significance.

Disadvantages: Ethical concerns like, depriving a
subject from receiving a new therapy or intervention,
which is believed to be beneficial regardless of validity
of the evidence for that claim, i.e. randomized control
trial deprives about one-half the subjects from receiving
the new and presumed better intervention.

Nonrandomized Concurrent Control Studies

Here the subjects are assigned to either the intervention
or the control group without randomization.

Advantages: Relatively easy to conduct by selecting the
group of people to receive the intervention and selecting
the control group by means of matching key characteristics.

Disadvantages: Intervention groups and control
groups are not strictly comparable because of selection
bias. This is a serious drawback and hence all efforts
should be made to have random allocation system.

Historical Control Studies

Here a group of subjects on a new therapy or
intervention is compared with a previous group of
subject on standard or control therapy. In other words,
a new intervention is used in a series of subjects and
results are compared to the outcome in a previous series
of comparable subjects. Such studies are, by their very
nature, nonrandomized. The argument for using a
historical control design is that all new subjects can
receive the new intervention where it is felt that no
subjects should be deprived of the possibility of receiving
a new therapy or intervention.

Advantages

* Subjects may be more willing to participate in a study
if they can be assured of receiving a particular
therapy or intervention

e Less time consuming because all new subjects will
be on new intervention and compared to a historical

group
* Relatively cost-effective.

Disadvantages
* Potential for bias
e Results may be misleading because of:
— Different structure and characteristics of the two
groups
— Shift in diagnostic techniques and criteria for the
disease under study can cause major changes in
the recorded frequency of the disease, thereby
questioning the validity of the study
e Data for control group may not be accurate and
complete.

Crossover Design

Here each subject participates in the study twice, once
as a member of the intervention group and once as a
member of the control group. It allows each subject to
serve as his/her own control. In other words, each
subject will receive, at different times, both treatments
A or B. The order in which A or B are given to each
subject is randomized.

Advantages: It allows assessment of whether a subject
does better on A or B. Since each subject is used twice,
once on A and once on B, the possibility of individual
differences between subjects affecting the comparison
of two groups are minimized. In other words, variability
is reduced because the measured effect of the
intervention is the difference in the individual subject’s
response to intervention and control. This reduction in
variability means that the sample size needed is smaller.



Disadvantages: Effects of intervention during the first
period may be carried over into second period. Hence,
this design should be used only when there is ample
evidence that the therapy has no carry-over effects.

Withdrawal Studies

Such study design is used when subjects on a particular
treatment for chronic diseases are taken off therapy or
have the dosage reduced. The objective is to assess
response to discontinuation or reduction of the drug or
its dose. The study is conducted using necessary
randomization as safeguard against bias.

Advantages: This design may be validly used to assess
the efficacy of an intervention that has never
conclusively been shown to be beneficial.

Disadvantages

* The study sample is a highly selected one. Only
those subjects are likely to have been on a drug for
several years who, in the opinion of the physician,
are benefiting from the intervention. Any one who
has major adverse effects from drug would have
been taken off and not been eligible for the
withdrawal studies.

* Subjects and disease status may change over time
so the results may be misleading.

Factorial Design

Here the attempt is to evaluate two interventions
compared to the control in a single experiment. This
design, with appropriate sample size, can be very
informative when there is little chance of interaction.

Factorial Design

Intervention A Control
Intervention B a b
Control c d
a=A+B
b = B + Control

¢ = A + Control
d = Control + Control

Advantages

e With little increase in sample size two experiments
can be conducted in one go

* Used for determining the interaction of two drugs.

Disadvantages

* There may be interaction between two groups,
meaning thereby that the effect of intervention A
may differ depending upon the presence or absence
of interaction B, or vice versa. It is more likely to
occur when the two drugs are expected to have
related mechanism of action.

Group Allocation Design

Here a group of individuals, clinic(s) or community is
randomized to a particular intervention or control. Such
design is ideal when there is difficulty in approaching
the individuals about the idea of randomization. Giving
all subjects a specific intervention may be quite
acceptable. In this design the basic sampling units are
groups, not individual subjects.

Studies of Equivalency

In some instances, an effective intervention has already
been established and is considered the standard. New
interventions under consideration may be less
expensive, have fewer side effects, or have less impact
on an individual’s general quality of life, and thus may
be preferred. Studies of this type are called studies of
equivalency or trials with positive controls. The objective
is to test whether a new intervention is as good as an
established one. The control or standard treatment must
have been shown to be effective, that is, truly better
from placebo or no therapy. It cannot be statistically
shown that two therapies are identical, as an infinite
sample size would be required. Hence, if intervention
falls sufficiently close to the standard, as defined by
reasonable boundaries, the two are claimed to be the
same. The investigator must specify what he/she means
by equivalence. It means specifying some value “d”,
such that two interventions with difference less than “d”
might be considered equally effective or equivalent.
Specification of “d” may be difficult but, without it, no
study can be designed.

COMMUNITY (FIELD) TRIALS

They involve intervention on a community-wide basis.
Here, the unit of study is a community. These are trials
which are conducted on communities instead of
individuals. Appropriate randomization should be used
as far as possible, though this may sometimes be difficult
due to practical considerations. They require greater
number of subjects than clinical trials and, hence, are
more expensive.

Examples
e Fluoridation trials for prevention of tooth decay.
« Deworming trials for ascariasis.!213

SUMMARY OF THE METHODOLOGY OF
INTERVENTION TRIALS

* Formulation of hypothesis.

* Decide the methodology for studying the affect of
the independent variable on the dependent variable.

e Develop strategies for measuring the outcome and
controlling the independent variable.
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* Decide on allocation of subjects to exposed versus
nonexposed groups using carefully selected
randomization technique.

e Take informed consent of the study population.

* Follow the study population forwards in time.

* Collect and analyze the data.

* Conclude by accepting or rejecting the original
hypothesis/assumption.

BLINDING IN EXPERIMENTAL TRIALS

One of the main concerns in an experimental study is
bias. It can occur at various stages of the trial, from the
initial design through data analysis and interpretation.
The general solution to the problem of bias is to keep
the subject and investigator blinded to the identity of
the assigned intervention.*

Un-blinded Clinical Trials (Open Trial)

Here the identity of the intervention to which a subject
is exposed or assigned is known both to the subject and
the investigator.

Advantages

e Simpler to execute than other studies

* Investigators are likely to be more comfortable
making decisions if they know its identity.

Disadvantages
* Has more potential for biases
e The preconceived notions about the benefit of a
treatment in the minds of the investigator as well as
the subject may lead to biased reporting on the part
of the subject; and also biased observation and
recording on the part of the investigator
The disadvantages mentioned above far outweigh
the advantages, which are based more on convenience.
It is always better to avoid bias and to have some
degree of blinding as appropriate.

Single blinding: The subject does not know about
the nature of intervention as to whether he is getting
the drug or the placebo, but this is known to the
investigator. Hence, the potential for observer bias
certainly exists.

Double blinding: It is a superior form of blinding and
probably the best protection against observer bias. In
this method neither the subject nor the investigator
knows who is getting what. Such a procedure is not
always feasible as the drug being tested may produce
side effects that are not mimicked by the placebo. The
physician may need information about the patient’s
assignments to closely monitor his clinical status. The last
one can be overcome by a third physician who is not
evaluating the results. The reasoning for such masking is
that the experimental and control groups should be
followed with equal intensity for evaluation of the outcome.

Triple blinding: In this type the subject, investigator
and also the data analyst are unaware of the
assignment. Once the study is completed and the results
are analyzed the code is broken. Such a study guards
against assignments of equivocal cases or interpretation
of outcomes. Such a study is generally not feasible and
is not very popular.

Patient Observer Researcher
Unblind - - -
Single blind + -
Double blind + +
Triple blind + + +

Some considerations while designing

experimental studies

e Ethics—informed consent, confidentiality and respect
for human rights

* (Cost—man, money, material, time, etc.

* Feasibility—practicability, resources, severity of the
problem.

Bias in Epidemiological Study

During the collection and interpretation of information
there may be some effect, which may leads to an
incorrect estimation of the association between exposure
and risk of disease.

DEFINITION

Any systematic error in an epidemiological study that
results in an incorrect estimation of the association
between exposure and risk of disease.

TYPE

Two broad categories.

Selection Bias

Error that arises during the processes of selection of study
subjects. A bias sample is not a representative of the
parent population. If a different criterion is used in
selection of cases and controls bias may be introduced
in a retrospective study where both the exposure and
disease has already occurred. There is little chance of this
type of bias in prospective study as exposure as
ascertained beforehand. Selection bias once occurred may
not be rectifiable so this should be taken care of during
study design.

Observation or Information Bias (Called Non
Sampling Bias)

Any systemic error that arises during the measurement
of information on exposure and outcome. This include
shortcoming in collection, recording coding, analysis, etc.



If the sample is not representative of the target
population bias may arise. Types of observational biases:

Recall bias: Different individual may remember and
report past experience differently thus giving different
degree of completeness or accuracy, as result compara-
bility may not be ensured. This type of bias particularly
seen with retrospective study. Recall bias can be either
over estimate or under estimate the association between
an exposure and the disease depending upon the
respondent’s recall ability.

Interviewer’s bias: This may arise due to difference
in soliciting, recording or interpreting information from
study subjects. Previous knowledge about an exposure
and outcome of a disease may affect the recording of
information in a biased manner. Blinding technique can
minimize this type of bias.

Bias due to loss of subjects to follow-up: When
the subjects lost due to follow-up differ from sample
remaining in studying respect of exposure and
outcome, any association observed may be biased. To
reduce this bias, some measure should be incorporated
in the planning stage of study design so that additional
source of information may be utilized if required, e.g.
vital record, telephone call to dropouts, written
communication, etc.

Bias due to miss classification: When information
or observations in respect of exposure or outcome (e.g.
disease status) are erroneously classified, this may be a
potential source of bias. This type of bias commonly
found with retrospective studies as the study often
obtain exposure information from records taken many
years before the initiation of study. Self-reported
exposures have more chance of misclassification.

Hospital base statistics related bias: Hospital base
statistics cannot be regarded as the representative of all
the cases of that disease. Differential response or refusal
rate or dropout rate between the cases and controls
may lead to bias in the study. Berkesonian’s bias arises
due to difference in admission rate in a hospital for the
people with different diseases (case and controls). If we
compute the fatality rate of any disease from hospital
statistics without considering the milder cases being
treated at home, it may introduce bias as only seriously
ill patient may be admitted in hospital.

CONTROL OF BIAS

* By careful study designing: Some type of bias can
be minimize or control by selecting a suitable study
design and appropriate analysis.

* Ensuring comparability between study and compari-
son group.

* Choice of study population: Choice depends on
research question and type of study. Selection of
hospitalized control in a case control study will

increase the comparability by improving willingness
to participate, similar environmental influence,
decrease the possibility of nonresponse rate. To
prevent the loss due to follow-up, a well-defined
population in respect of occupation, residence or
some other characteristics (alumni, association, etc.)
should be chosen.

e Methods of data collection: There are different means
of data collection which may affect the validity of
result. Development of specific instrument to obtain
information (questionnaire, checklist, examination
protocol, etc.), rigorous standardize training of
observers and use of clearly written protocol will help
to reduce bias in the study. Highly objective close-
ended questions are preferable in this regard. Methods
and source of data collection should be same for study
and control group. Inter-observers variation can be
minimize by deploying trained observers and taking
average of several observations.

* Blinding: Observers bias can be reduced by blinding
during administration of data collection instrument,
abstracting record, interview or examination of
subjects. Blinding can be incorporated in respect of
subjects/or investigators/or analyst depending on the
type of study.

CLINICAL TRIAL

Clinical trial is an organized research, conducted on
human beings to investigate the safety and efficacy of
a drug. Clinical trial must conform to the moral and
scientific principles that justify medical research and
should be based on laboratory and animal experiments
or other scientifically established facts.1®

NEW DRUG DEVELOPMENT PROCESS

Drug discovery requires two basic steps, i.e. research
and development.

Research: This phase consists of three sequential
activities comprising of target selection, drug selection
and product development. The first phase, target
selection, involves choosing a disease to treat and then
developing a model for that disease. The second phase,
drug selection, is a process that involves finding a drug
or group of drugs that work within that model system.
Typically the screening process involves hundreds of
compounds that are tested against the target. When the
compounds with the desired activity are discovered, the
most promising among them are optimized to produce
one or two final compounds that may eventually become
drugs. The entire process from target selection to product
development usually takes at least 3 years, and can
involve hundreds of researchers and millions of dollars.

Development: Then comes the drug development
process, which consists of preclinical and clinical
development (clinical trial).

0
I
>
©
_|
m
=
o
o)
()
=J
()
-
Q_)
™

=S
[oX
o
3.
o
o)

®
<




°
©
=
©
g
)
o
2
IS
9]
S
a
(YN}
l—
o
<
a

42

PRECLINICAL DEVELOPMENT

Preclinical tests are performed in the laboratory, using
a wide array of chemical and biochemical assays, cell-
culture models and animal models of human disease.
This preclinical testing develops pharmacological profile
of the drug, determines acute toxicity of the drug in at
least two species of animals and conducts short-term
toxicity studies. The ultimate aim of preclinical testing
is to assess safety and biological activity in animals. This
phase takes about approximately 4 years. After
completing preclinical testing, an Investigational New
Drug application is filed to begin to test the drug in
human. If regulatory body does not disapprove it within
30 days, then this application becomes effective, and
at this stage clinical trial can be initiated.

Clinical trials on patients in different countries are
approved and monitored by different regulatory
agencies, which, in India, is monitored by Drug
Controller of India (DCGI) under Central Drug
Standard Control Organization (CDSCO). The total
duration of these trials may stretch to approximately
8-9 years. Clinical research is done in four phases
(I, II, 1II and IV), each designed to address different
issues. The knowledge gained from one phase is utilized
in the subsequent phases.

Phase 1 trial (Human Pharmacology): The main
objective of this phase is to establish initial safety,
maximum tolerance and pharmacokinetics of the drug
in humans. This phase is usually carried on 20-80
healthy human volunteers or certain types of patients.
The time period being approximately 3-6 months. This
phase is also known as ‘First in Man'. In case the drug
to be investigated has a known potential adverse effect,
the study is carried on upon subjects only for whom
the drug is targeted, e.g. anticancer drugs are never
tested in healthy volunteers, rather it is investigated on
cancer patients. Only about 70% of experimental drugs
pass phase [ trial.

Phase II trial (Therapeutic Exploratory Trials): On
completion of the Phase I trial, the Phase II trial is
initiated to evaluate the safety and efficacy of the drug.
This phase is conducted on patients either in an open,
non-blind or as placebo control, blinded trials. Here
100-300 patients are enrolled to determine the dose
and adverse reactions of the drugs. This phase may last
from 6 months to two years. This phase is further
divided into two subtypes—Phase Ila and IIb.

Phase Ila: Pilot clinical trials to evaluate safety in selected
patient population (dose response, type of patient, etc.)

Phase IIb: Controlled clinical trials to evaluate safety as
well as efficacy for determining a dose range to be
studied in phase III.

Only about 35% of experimental drugs pass phase Il trial.

Phase III trial (Therapeutic Confirmatory Trials):
This phase involve several hundred to several thousand
patients and may last for 1-5 years conducted in
multicentric manner. Drugs safety and effectiveness are
being studied in different patient subgroups like children,
elderly and patients having hepatorenal impairment.
Once this phase III trial has been completed successfully,
the drug company is in a position to apply to the
regulatory authorities for marketing approval. This
phase again is of two subtypes—Illa and IlIb.

Phase Illa: Conducted after the drug’s efficacy is
demonstrated but before the regulatory submission of
New Drug Application (e.g. studies in children, patient
with renal dysfunction, etc.)

Phase IlIb: Conducted after regulatory submission but
prior to the drug’s approval or launch (e.g. to
supplement or complement earlier trials).

Only about 25% of experimental drugs pass through
phase III trial.

Phase IV trial (Postmarketing Studies/Trials): Post-
marketing trials are studies (other than routine
surveillance) performed after drug approval and related
to the approved indications. After the prior
demonstration of the drug’s safety, efficacy and dose
definition in the previous trials, this phase is concerned
with the application of the drug in general population.
Drug may be withdrawn from the market if some
notorious side effects are noticed in phase IV trial, just
what happened in Thalidomide tragedy in 1962.16
New Drug Development is a very long journey, as
it takes 12 years and ~ 800 million US $ to bring one
new drug to market. To start with 5,000-10,000 com-
pounds are initially screened in preclinical development,
subsequently 250 enter in preclinical testing and 5 enter
in clinical testing, ultimately 1 compound is approved
by the Food and Drug Administration of USA (FDA).

Schedule Y: Requirements and guidelines for
permission to import and or manufacture of new drugs
for sale or to undertake clinical trials are mentioned in
the schedule. Application for permission to import or
manufacture new drugs for sale or to undertake clinical
trials are made in Form 44 with data of chemical,
pharmaceutical information, animal pharmacology data
(that includes specific pharmacological actions, general
pharmacological actions and pharmacokinetic data),
animal toxicology data, human clinical pharmacology
data, regulatory status of the drugs in other countries,
complete testing protocols and indication of drugs,
purpose of examination and application for import of
small quantities of drugs.

REGULATORY FRAMEWORK

Before a clinical trial is initiated it is imperative to follow
international ethical and scientific quality standard for



designing, conducting, recording and reporting of

clinical trials that involve participation of human subjects.

Compliance with this standard provides assurance that

the rights, safety and well being of trial subjects are

protected, consistent with the principles laid down by

Declaration of Helsinki and the data are credible.17-18
In India, the regulatory framework is governed by

these following guidelines:

* International Conference on Harmonization of
Technical Requirements for Registration of
Pharmaceuticals for Human use—Good Clinical
Practice: Consolidated guideline (ICH-GCP, 1997).1°

* Local Regulatory Requirements (DCGI).

* Indian Council of Medical Research (ICMR code,
2000).20

e Local Ethics Review Boards (ERBs).

GOOD CLINICAL PRACTICE

Good Clinical Practice (GCP) is an international ethical
and scientific quality standard for designing, conducting,
recording and reporting trials that involve the
participation of human subjects. Compliance with this
standard provides public assurance that the rights, safety
and well-being of trial subjects are protected, consistent
with the principles that have their origin in the declaration
of Helsinki and the clinical trial data are credible.

Before a trial is initiated, foreseeable risks and
inconveniences should be weighed against the
anticipated benefit for the individual trial subject and
society. A trial should be initiated and continued only
if the anticipated benefits justify the risks.

RATIONALE OF GOOD CLINICAL PRACTICE

* Legal requirement for conduction of the trial.

* Protects the rights, integrity and confidentiality of
research subjects.

* Provides assurance that the data and results are
credible and accurate.

. Global acceptance of the data.

Ethics Review Board

It is an independent body constituting of medical or
scientific professionals and nonmedical or nonscientific

Regulato
Sponsor\CRO ‘—p

Investigator

Study
subjects

members, whose responsibility is to ensure the
protection of rights, safety and well being of human
subjects involved in a trial. No clinical trial is initiated
at any investigator site without obtaining a written
permission by the review board. This board reviews
protocol of the proposed study, informed consent
document and its translation in vernacular language, all
clinical and non-clinical data of the investigational
product, grants, study advertisement, investigator’s
qualification and trial permission by DCGI/FDA. The
Ethics Review Board comply with GCP and other
applicable regulatory requirements.

CLINICAL TRIAL STAKEHOLDERS

There are three pillars in conducting clinical trial, i.e.
Sponsor/CRO, Investigator and Regulators.

CONDUCTION OF CLINICAL TRIALS

Different Pharmaceutical Companies, Biotechnology
Companies, Contract Research Organizations (CRO),
Research/Academic Institutions and Cooperative Groups
can conduct clinical trial.

ETHICS IN CLINICAL TRIALS

India is today poised as one of the favorable destination
for conducting global clinical trials due to the availability
of large patient populations, skilled manpower, cost
effectiveness, favorable economic environment, etc.
The Declaration of Helsinki (DoH) is the World
Medical Association’s (WMA) best-known policy
statement. The first version was adopted in 1964 and
has been amended six times since, most recently at the
General Assembly in October 2008. Its purpose was to
provide guidance to physicians engaged in clinical
research and its main focus was the responsibilities of
researchers for the protection of research subjects.1”-18
The Clinical Trials Registry encourages the registration
of all clinical trials conducted in India before the
enrolment of the first participant. The registry is meant
to bring transparency to clinical trials conducted in India.
Thus, a concerted effort on the part of the global public
health community was made to push clinical trials
related issues to the fore in the wake of several high-
profile cases in which pharmaceutical companies were
shown to be withholding information from regulators.
The World Health Organization (WHO) has played a
catalytic role in pushing this process forward. Though
the launch of the Clinical Trials Registry marks a new
chapter in the clinical trial registration process in India,
there are daunting challenges ahead. Since its launch
in 2007, 64 clinical trials have been registered, but there
is still no legal obligation to register. Steps are being
taken to encourage voluntary registration, including the
Clinical Trials Registry workshops to which people likely
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to be conduct WHO clinical trials—medical colleges,
research institutions, state drug controllers, and
nongovernmental organizations—are invited, but for
some countries like ours, such steps are inadequate.l®

Fewer than 40 Ethics Committees in India are
properly constituted and functioning, which means that
the safety of the subjects of clinical trials is on the back
burner, and that it is also worrying that there is no legal
requirement for investigators or members of the Ethics
Committees to declare a conflict of interest. Thus it is
one of the serious problem given the increasing number
of hospitals now owned by drug companies.!®
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Physical Environment: Air

The word ‘environment’ is derived from an French word
‘environ’ meaning ‘encircle’. Earth’s environment is a
rich heritage handed over to us by previous generations.

Environment may be classified as physical, biological
and social for the purpose of studying its role in health
and disease. In this chapter, a few general comments
about human health and physical environment will be
made before describing the role of air in health.

Cleanliness or sanitation of physical environment such
as air, water, food and dwelling place is essential for
healthy living. According to WHO, environmental
sanitation means “The control of all those factors in man'’s
environment which exercise or may exercise a deleterious
effect on his physical development, health and survival”.

It is due to the sanitation measures that there has been
spectacular reduction in water and food borne diseases in
USA and other Western countries. Control and eradication
of malaria, filaria, yellow fever and other vector borne
diseases is also attributed to the same. It has made a
substantial contribution to positive health and longevity of
life. In developing countries like India, where environment
is still not clean, water, food and vector borne diseases such
as cholera, typhoid, food poisoning and malaria are
responsible for significant morbidity and mortality.

The important components of the physical environ-
ment are:

* Air

* Water

* Soil and housing

* Place of work, such as office and factor (occupational
health)

* Wastes such as refuse and human excreta

* Food.

These components should be in such a state that they
are favorable for the host (man) and unfavorable for the
survival and growth of agents (microbes). These will be
described in the present and the next five chapters. The
role of food as part of man’s environment will be
discussed in the chapter on “Food and Nutrition”.

It has been known for long that physical factors influ-
ence human body in several ways, though the
concerned mechanisms are not clear. Some of the
effects listed 25 years ago are as follow:!

e 81 percent fatal and 75 percent nonfatal car

accidents in Ontario between June and Sept. 1968,

occurred when barometric pressure was falling.

* There is direct relation between sunshine and conce-
ption. An eight-year survey in Sussex showed that
conception occurred mostly, during May to August,
when sunshine is more. Regardless of season,
conceptions throughout the year occurred more on
those days when there were more sunshine hours.

* An analyses of 2000 murders in Florida between
1956 and 1970 showed high peaks in homicide rates
coinciding with phases of full and new moon.

e A survey of 10,000 women with regular menstrual
cycles in Germany revealed that an unduly high
proportion of cycles commenced at the time of full
or new moon.

Air

Air forms the most immediate environment of man with
which he is in constant contact throughout his life. The
importance of clean air for man’s health is thus self-
evident. Even from a symbolic point of view, it is well
to keep in mind that while a man consumes 1.2 kg of
solid food and drinks 1.8 kg of liquids, he breathes as
much as 14 kg of air per day.!?

The air atmosphere with which man comes into
contact is of two types:

1. External atmosphere, i.e. air space outside the room.
2. Internal atmosphere, i.e. air space inside the room
of a building.

They are certain agents in the atmosphere to which
man is constantly exposed. These agents affect his
physical well-being and may cause discomfort, injury or
disease. They may be divided into physical, chemical
and biological agents, as follows:

PHYSICAL AGENTS

e Temperature

*  Humidity

*  Wind velocity

* Pressure of atmospheric air.

CHEMICAL AGENTS

Dust, soot, smoke, other organic and inorganic particles
emanating from houses, factories and vehicles, etc.
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BIOLOGICAL AGENTS

Bacteria and viruses, etc.

Factors Affecting Atmospheric Environment

METEOROLOGICAL VARIABLES

* Degree of sunshine

* Atmospheric pressure

*  Humidity

e Rainfall

e Velocity and direction of wind
* Air temperature.

The sum of these variables over a period of months
or years is referred to as the climate of a place (weather,
on the other hand, denotes these conditions at a
particular moment or time). Good climate and pleasant
weather are soothing and health promoting.

GEOGRAPHICAL CONDITIONS

e Distance from the equator
e Distance from the sea and height above sea level
e Nature of soil (rocky, sandy, loamy or clayey) and
e Terrain (plain or hilly).

The above factors modify the climate by bringing
about changes in temperature, rainfall, humidity, direction
and velocity of winds and atmospheric pressure.

HUMAN ACTIVITIES AND INDUSTRIES

Man adds heat, humidity, microorganisms and odors
to the air around him through various physiological
functions of the body. Household activities and
industries add noise, radiation, smoke, soot and various
types of dusts to the atmosphere which may become
detrimental to healthy living.

Physical Agents in Atmosphere
i. Temperature

ii. Sunshine: This can be measured with the help of
Campbell-Stoke sunshine recorder.

iii. Humidity: Absolute humidity is the actual weight of
moisture or water vapor in a unit volume of air at
a particular temperature and is expressed as gram
per cubic meter of air. Relative humidity (RH) is the
ratio of absolute humidity at a particular temperature
to the weight of water vapor, when the air is fully
saturated at the same temperature. It is calculated
as a percentage. It tells how much more moisture
can be taken by the air at a particular temperature
and thus indicates comparative dryness or wetness
of the air.

Weight of water vapor in one cubic

metre of air say at 30°C

RH = x 100

Weight of water vapor in one cubic meter

fully saturated air at same temperature

Humidity is commonly measured by using dry and
wet bulb hygrometers. Relative humidity can be found
from specially constructed psychrometric charts. RH
below 30 percent indicates that the air is too dry causing
drying of nasal mucosa. RH above 65 percent indicates
excessive humidity, causing the room air to feel
uncomfortable and sticky. However, excess humidity is
not known to cause any ill effects on physical health.

Rain: Rainfall is measured with the help of raingauge.
Symon'’s raingauge has a funnel of 5 inches diameter
for receiving the rainfall.

Air motion: Direction of the prevailing wind is indi-
cated by wind vane. The velocity is measured by an
anemometer. Wind up to 0.5 meter per second (m/s)
is calm air when smoke can be seen rising vertically.
Wind at 0.5 to 1.5 m/s is called light air. Light breeze,
breeze and strong breeze have velocities of 1.75 to 3,
3 to 9 and 9 to 14 m/s respectively. Gale and storm
have velocities of 14 to 28 and 28 to 32 m/s
respectively. Beyond that it is a hurricane. Wind direction
and velocity modify the air temperature, which in turn
affects the power of body to gain or lose heat.

Atmospheric pressure: It is measured by Fortin’s
mercury barometer or aneroid barometer. The latter is
convenient, though less sensitive.

Acclimatization to Physical Agents in the Air

HIGH TEMPERATURE

Heat loss from the body occurs mainly through the skin
by convection, radiation and evaporation. Hot, humid
and stagnant air takes less heat from the skin than cool,
dry and moving air.

Exposure to sudden and prolonged heat without
prior acclimatization leads to ill-effects which may be
local or general. These ill-effects are accentuated in the
presence of high humidity and lack of air movement.

Local Effects

These include darkening of skin, prickly heat, sunburn,
dermatitis.

General Effects

Heatstroke: It is characterized by hyperpyrexia
(108°-112°F) along with giddiness, anorexia and fre-
quency of micturition followed by unconsciousness.
There is sudden cessation of seating, the cause of
which is not known. This leads to failure of heat regu-
lating mechanism. Mortality is more in young children
and old people, especially if they are ill-nourished.

Heatexhaustion: It is due to profuse sweating chloride
(between 0.2 and 0.5 percent) with specific gravity



1.002 to 1.003 and pH 4.2 to 7.5. The fluid loss may
be as high as 1 liter per hour, especially if there is
muscular exercise. Body temperature, instead of being
high, may be subnormal. Blood pressure is low and
pulse is fast. The patient feels faint, weak and, at times,
dizzy and lethargic.

Heatcramps: Due to excessive loss of salts in the sweat,
there is increased muscular irritability. Painful spasms of
skeletal and abdominal muscles may develop.

LOW TEMPERATURE OR COLD CLIMATE

Physiological adjustment takes place to conserve body
heat. There is peripheral vasoconstriction, shallow
respiration and rapid pulse. Urine becomes acidic and
dilute and is passed more often. Extra heat is produced
by shivering.

Failure of adjustment to low temperature leads to
illeffects that may be local or general.

Local Effects

Frostbite occurs when the tissues are actually frozen on
exposure to temperature below 0°C. Immersion foot
or trench foot occurs when feet are immersed in cold
water or snow. High humidity and wind velocity, fatigue
and anoxia at high altitude worsen the situation.

General Effects

These include pains and aches in joints and muscles,
digestive disturbances, respiratory disturbances such as
cold, bronchitis, pneumonia and, in serious cases,
peripheral vasoconstriction, anoxia and death.

HUMIDITY

It makes the warm climate warmer and cold climate
colder. In warm climate, heat loss from the skin is pre-
vented because humid air cannot dry off much sweat
or moisture from the skin. In cold climate the moist air,
being a better conductor than dry air (water is 23 times
better conductor of heat than air), causes more heat
loss from the body.

MOVEMENT OF AIR

Wind velocity makes the hot climate cooler but cold
climate colder. Hot air near the skin is replaced by dry
and cool air from the atmosphere thus facilitating heat
loss from skin. In cold climate wind movement increases
heat loss from the body by causing replacement of warm
air near the skin by cold atmospheric air.

LOW ATMOSPHERIC PRESSURE

It is experienced at high altitudes. Because of the low
pressure of oxygen at high altitude, the amount of

oxygen taken by RBCs is decreased, to compensate for
which the body manufactures more RBCs. Respiration
and pulse rate are increased. The critical height up to
which body can acclimatise without much symptoms is
4300 to 5500 meters (14000 to 18000 ft). The height
of 7000 to 7600 meters (23000 to 25000 ft) is critical
for survival. Air pressure at 35,000 ft (10688 m) above
the earth is 3.46 lbs, per sq inch, i.e. one-fourth of that
at sea level. Jets fly at 31,000 to 32,000 ft and their
cabins are pressurised. Mountaineers carry oxygen with
them and have to use it above 25,000 ft. Persons having
anemia and cardiac or pulmonary disease, particularly
asthma, should avoid exposure to high altitude.

HIGH ATMOSPHERIC PRESSURE

This is experienced by divers going deep down in the
sea in diving bells or caissons. Due to increased pressure,
more oxygen and even nitrogen get dissolved in the
blood. If decompression is not slow, emboli of nitrogen
are formed leading to air embolism and death. Pre-
cautions taken for acclimatization are gradual compres-
sion and decompression by passing the workers through
air-locks. Helium is used instead of a nitrogen as it is
less soluble in blood.

Chemical Agents in Atmosphere

Air is said to be polluted when physical, chemical and
biological agents are present in it to such an extent that
they become harmful to man.2 Pollution of external
atmosphere by chemical agents and smoke is a growing
menace in large industrial towns. More than 100
pollutants arising from different sources are added into
the air everyday. Various types of pollutants are listed
in Table 5.1.

Sources of Pollution

Common sources of chemical pollutants in large cities
are:

TABLE 5.1: Various types of pollutants

e Gases and vapors such as carbon monoxide, sulfur dioxide,
ammonia, organic sulphides, aldehydes, acetones and aromatic
hydrocarbons

* Fumes of lead and other chemicals with particles of site 1 micron
or above

* Dusts suspended in the air such as grit, soot, earth, sand, Pb,
Mn, Fe, Zn, pollens, fibers, etc.

* Radioactive dusts and isotopes

e Smoke, which is an aerosol with particle size below 0.5 micron.
It consists of:

— Unburnt carbon, CO, CO,, NO,, NH5, HNO,, SO,, H,SO,
and mercapton

— Pyroligneous acid and acetic acid in wood smoke

— Hydrocarbons, naphthalene, paraffin, phenanthrene,
benzpyrene, chrysene (last 5 are well known carcinogens).
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INDUSTRIAL PROCESSES IN DIFFERENT INDUSTRIES

Various chemicals are emitted into air as in fertilizer, paper,
cement, steel and insecticide factories and oil refineries.

COMBUSTION

Burning of coal, oil and other fuels in houses and in
factories adds smoke, dust and sulfur dioxide to air.

MOTOR VEHICLES

Through their exhausts, they add to air carbon monoxide,
hydrocarbons, formaldehyde, nitrogen oxides, lead, etc.

MISCELLANEOUS

Plants, yeast, molds and animals emit various allergenic
materials. Insecticide sprays in agriculture also add to
air pollution.

Three major sources of air pollution in a city are
industrial, domestic and vehicular. The relative
contribution of these sources in the metropolitan cities
of India is shown in Table 5.2.

REDUCTION VEHICULAR POLLUTION

The existing vehicular standards in India as per the
Motor Vehicles Act in terms of carbon monoxide
emitted during free acceleration are as follows:32

Petrol vehicles (in terms of % volume)

2 and 3 wheelers 4.5%
4 wheelers 3%
Diesel vehicles (in terms of hartridge units) 65 units

In comparison, the standards prevalent in USA and
Japan are more stringent and given in Table 5.3. A deci-
sion has been taken to gradually bring the Indian stan-

TABLE 5.2: Sources of air pollution in Indian cities (1990-91).

Figures in parentheses indicate the expected figure in year
2000-20013

Source Kolkata Mumbai Delhi
Industrial 72% 54% 29%
(74%) (48%) (20%)
Transportation 20% 42% 63%
(22%) (48%) (72%)
Domestic 8% 4% 8%
(4%) (4%) (8%)

TABLE 5.3: Vehicle pollution safety standards

(Emission per unit distance)

Japan USA
Pollutant 9/km g/mile 9/km
Nitrous oxides 0.48 1.00 0.63
Carbon monoxide 2.70 3.40 2.13
Carbohydrates 0.39 0.41 0.26

dards in line with the international ones in a phased man-

ner, as suggested by Central Pollution Control Board.*
Major pollutants emitted by different types of

vehicles are as follows:32

Two stroke engines : Lead compounds, carbon

monoxide

Four stroke engines : Hydrocarbons, nitrogen oxide

Diesel engines : Smoke, odor, sulfur dioxide.
Measures to reduce vehicular pollution are listed below:

Use of 4 stroke engine: Four stroke engines used in
four wheelers are more fuel efficient, releasing less
unburnt or partially burnt fuel into atmosphere. They
cause less pollution. Two-stroke engines are mainly used
by two wheelers and three wheelers. Some newer
brands of motor cycles in India are already using a four-
stroke engine. There is a proposal to discourage or ban
the use of two stroke engine in vehicles in future. It may
be mentioned that comparing a car with a two wheeler
having two stroke engine, the amount of emission per
passenger is higher in case of the latter (2 times for
carbon monoxide and 8 times for hydrocarbons).

Use of lead free petrol: Tetracthyl lead is added to
petrol in the oil refineries so as to increase the octane
properly of fuel. High octane level in fuel prevents
engine damage due to knocking and increases engine
efficiency. However, at the same time, addition of lead
to petrol means emission of lead compounds in the
vehicle exhaust causing lead pollution. The quantity of
lead added to petrol is 0.56 g/l as per specifications of
the Bureau of Indian Standards. A decision has been
taken to ultimately stop adding lead to petrol in India.
The first step was taken in June 1994 when the level
of lead in petrol in the metropolitan cities of Delhi,
Mumbai, Kolkata, and Chennai was brought down
from 0.56 g/l to 0.15 g/l. With effect from 1.4.95, lead
free petrol (containing not more than 0.023 g/l) is being
supplied in the four metros. This has become necessary
in view of the use of catalytic converters, which are
inactivated by lead.®

Use of catalytic converters: A catalytic converter is
a device fitted near the tail-pipe of the vehicle to change
the noxious emissions released from the combustion
system to harmless by-products. A typical catalytic
converter has coatings of noble metals such as platinum,
rhodium and palladium which oxidise the pollutants
such as carbon monoxide and hydrocarbons to carbon
dioxide and water vapor. In a three-way catalytic
converter, oxides of nitrogen, which are also a major
group of pollutants, are reduced to atmospheric
nitrogen. Thus a catalytic converter can, within seconds,
reduce highly polluting substances to harmless
compounds reducing the pollution load from vehicles
fitted with such converters.

A catalytic converter costs about Rs. 10,000/- and
has to be changed every 100,000 km. Its use has been



made mandatory for all new cars sold with effect from
1.4.95 in the four metros. However, the use of lead
free petrol is a must for a vehicle fitted with a catalytic
converter so as to avoid damage to the latter. That is
why lead free petrol has been made available in these
four metros simultaneously.

Use of CNG: Compressed natural gas (CNG) is being
used as a fuel in place of petrol or diesel in more than
5 lakh vehicles in the world.> Maximum such vehicles
are in Italy (2.5 lakh) followed by Argentina (1 lakh)
and New Zealand (50,000). A beginning in this
direction has been made in India also. The use of CNG
is almost pollution free.

A major source of sulfur dioxide is burning of coal.
Sulfur dioxide pollution is the principal cause of acid rain.
It is because of this that USA passed the Clean Air Act,
1990, aimed at cutting down the annual sulphur dioxide
production from 19,000 to 9000 tonnes by 2000 AD.

The quality of local air is influenced by the proximity
of large scale utilities and industries, vehicle density, resi-
dential heating and open incineration, etc. Regular moni-
toring of air pollution trends in 10 cities since 1976 by the
National Environmental Engineering Research Institute,
Nagpur, has shown that Kolkata is the most polluted city
in terms of suspended particulate matter (527 mg per cubic
meter) and sulfur dioxide pollution (0.021-0.058 ppm).
Kochi was found to be least polluted.®

Assessment of Air Pollution’

Common indices in use are:

DUSTFALL

Heavy particles in air settle down as dust. The amount
collected per month is measured and calculated in
tonnes per sq km.

SUSPENDED PARTICLES

Minute particles suspended as soot and fine dust are
measured in terms of mg or micrograms of particulate
matter per cubic metre of air.

SMOKE INDEX

Air is filtered through a paper disk and the discoloration pro-
duced by smoke is measured by a photoelectric meter. It
is expressed as Coh units per thousand linear feet of air.

SULFUR DIOXIDE

It is produced by burning of fossil coal (in contrast to
charcoal) and fuel oil. It is measured routinely in all pollu-
tion surveys. It is a very important indicator of pollution.

Besides the above, the air content of carbon
monoxide, nitrogen dioxide, lead and various oxidants
is also used as an index of air pollution.

Temperature Inversion

Wind movements play an important role in diluting the
concentration of various pollutants in the air. These
movements are horizontal as well as vertical. Vertical air
movements occur because of the temperature difference
in layers of air at different heights from the surface of the
earth. Normally the air becomes colder as we go up with
the result that polluted air moves up and gets dispersed
to long distances. This is particularly made possible by the
fact that horizontal wind velocity is much more at higher
altitudes. Sometimes there may be inversion of
temperature difference. In other words, temperature near
the earth may be less than that in the air above. The result
is that the usual vertical air movements do not take place
and the polluted air near the ground does not rise up.
Consequently the concentration of pollutants in air may
reach dangerously high levels. Temperature inversion is
particularly prone to occur in valleys and low lying places
during the colder parts of the year and at night when solar
heating of ground air is minimal.

Effects of Air Pollution on Health

e Sudden air pollution and smog (smoke and fog) are
associated with immediate increase in general morbidity.

* Conjunctivitis, dermatitis, chronic bronchitis and lung
cancer are due to irritants and carcinogens in smoke
and other pollutants.

*  Smoke cuts off ultraviolet light, thereby reducing the
useful effects of sunshine (formation of vitamin D
and sterilization of air by killing microorganisms).

* Dusts cause pneumoconiosis. These are described in
detail in the chapter on “Occupational Health”.

e Pollutants, particularly smoke, adversely affect plant
and animal life and damage property. For example,
the discoloration of Taj Mahal during last 10 years
has been attributed to pollutants from the nearby
Mathura refinery.

The problem of air pollution has reached a critical
level in big cities in many countries. In India, air in Delhi
and Mumbai is highly polluted. Even air pollution
epidemics have occurred now and then. The London
epidemic (1952) resulted in the death of 4000 persons
within 12 hours. “Asthma epidemics” in New Orleans
and Tokyo also occurred because of air pollution.® Two
other well-known air pollution epidemics in USA
occurred in Los Angeles and Donora in 1948.

Prevention and Control of Pollution

GENERAL PRINCIPLES

The WHO? has listed the following five general principles

to control of pollution:

1. Containment: Preventing the pollutants from
escaping into air from the source of production.
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2. Replacement: Changing the existing techniques to
those producing less amount of pollutants.

3. Dilution: Diluting the concentration of pollutants in
the air to such a level that they can be removed by
natural means, such as foliage.

4. Legislation: Enacting suitable laws aimed at pre-
vention of pollution.

5. International action: The WHO has established two
international pollution monitoring centers at
Washington and London, three regional centers at
Tokyo, Moscow and Nagpur and 20 laboratories in
different countries.

PRACTICAL MEASURES

The practical steps that can be taken to reduce pollution

are listed below:

* Modification of industrial process, whenever possible,
to minimize air pollution by harmful chemicals.

e Use of electricity and natural gas in place of wood,
coal and oil in houses and factories whenever possible.

e Use of alternative sources of energy (solar or wind
energy, etc.) in place of conventional sources invol-
ving burning of fuel.

* Traffic management and reduction of pollution from
vehicles by proper tuning of the engine.

* Health education of public about harmful effects of
smoke and about methods of control (such as by
proper burning of fuel, provision of chimneys,
proper ventilation, etc.).

* Legal measures to control emission of smoke and
other pollutants (such as Indian Factories Act,
Smoke Nuisance Prevention Act, Indian Motor
Vehicles Act and Industrial Zoning Order).

» Establishment of ‘green belts’ between industrial and
residential areas.

* Issue of meteorological warning so that temporary
steps may be taken during periods of high atmos-
pheric stagnation.

* Cautious use of insecticides and pesticides.

Biological Agents in Atmosphere

Bacteria and viruses may pollute the air and may be
carried to some distances along with dust particles. They
may be inhaled or swallowed with water, milk or food
polluted with infected dust. The chances of spread of disease
in this way are remote because of great dilution and because
of exposure to ultraviolet light in the open. This mode
of infection may be responsible for wound infections with
tetanus bacilli. It may also lead to inhalation of tubercle
bacilli and scales of measles and chickenpox.

Ventilation

Ventilation implies exchange of vitiated air inside the
room which is hot, humid and stagnant with

atmospheric air outside the room which is cool, dry and
moving. The aim of ventilation is to ensure air supply
inside the work place or living room in such a way that
it is free from harmful agents and is conducive to
comfort, efficiency and health.

USES OF VENTILATION

* The physical conditions of temperature, humidity and
movement of room air are maintained constant.
These conditions facilitate heat exchange from the
skin to surrounding air or vice versa, depending upon
the weather and season. In cold season one wants
to gain heat and in warm weather one wants to lose
heat. Ordinarily a man at rest weighing 70 kg loses
100 kilo cal heat and 40 ml moisture per hour.

* Smells and odors from the room are removed.

* Bacterial contamination of air in the room is reduced.

* Chemical composition of air inside the room is
maintained constant, which is otherwise liable to
change due to respiration, combustion and various
industrial processes. A man weighing 70 kg breathes
out 18 to 21 liters of carbon dioxide per hour. The
concentration of oxygen and carbon dioxide is 20.96
and 0.03-0.04 percent in the fresh inspired air and
16.4 and 4.41 percent respectively in the expired air.

CAUSE OF ILL-EFFECTS IN UNVENTILATED ROOM

The old view was that the discomfort felt in a closed
or congested room was because of chemical changes
in the air, such as decrease of oxygen and increase of
carbon dioxide, water vapor, bad odors and organic
poisons emanating from human beings. Leonard Hill
proved in 1914 that the sense of oppression in ill-
ventilated rooms is caused not by chemical but by
physical changes like rise of temperature, increase in
humidity and stillness of air. He confined some students
to a room. They felt quite comfortable even when
oxygen content of air fell to 17 percent. On the other
hand, he found that the oxygen level did not fall below
19 percent even in the most crowded rooms. Similarly,
carbon dioxide never increases to more than 0.5 percent
even in the most crowded place. Thus increase in
carbon dioxide has nothing to do with the feeling of
oppression in an ill-ventilated room.

The ill-effects in a congested room, (discomfort, rest-
lessness, nausea, vomiting, irritability, giddiness, fainting,
etc.) are currently believed to be due to the air
becoming hot, humid, and stagnant, especially the air
near the skin. This interferes with heat loss from skin.
The net result is heat stagnation leading to the
deleterious effects already described. If the same air is
cooled, dried and then circulated, the discomfort and
ill-effects are relieved. Congestion is not felt in cold
weather because body can lose heat to cold air and to
other objects in the room.



VENTILATION STANDARDS®

Though, as explained earlier, the feeling of comfort is
associated more with physical factors determining heat
loss from the body, the measurement of these factors
as well as their summative effect upon the feeling of
comfort is difficult. The kata thermometers and the
concept of effective temperature have been developed
for this purpose.

Cubic Space Per Person

Previously it was advocated that 3000 cubic feet space
should be available per person. Now this recom-
mendation is no longer followed, because it has been
realized that floor area and air change are more
important criteria.

Floor Area

It has been found that air movements occur mainly up
to 3 to 4 meters above the floor. The air space higher
than this is, so to say, dead space from the point of view
of ventilation. Hence cubic space per person is not a
reliable criterion, especially if the ceiling is high. A better
index is floor area per person. The optimum floor space
should be 5 to 10 sq meter per person. The exact figure
would depend upon the degree of exchange of room
air with outside air. Ordinary ventilation results in three
air exchanges per hour, i.e. the room air is completely
replaced by fresh air every 20 minutes. However, six
exchanges per hour can be achieved by a suitable system
of doors and windows without causing a draught. In that
case the provision of floor space at the rate of 5 sq m
per head would be adequate. Recommended standards
of floor space per person in India are as follows:

Adults
Residential 5sgm
Factory (as per
Factories Act, 1948) 5sgm
General hospital 10 sq m
Infectious diseases hospital 15 sq m

Schools

Space per child 0.8 sq m. The above air space
standards are arbitrary and apply to ventilation in a room
when it is taking place in warm weather and by natural
methods only. These will not apply to cold and chilly
whether. Even in warm climate the space required can
be much reduced by use of fans and air conditioners
with more exchange and cooling or air.

METHODS OF VENTILATION OR AIR
EXCHANGE IN ROOM

These may be natural or artificial.

Natural Ventilation

This may be due to wind, diffusion or temperature diffe-
rence. The effect of diffusion is rather small and slow.
The main effects are those of wind and temperature.

Wind: The principal type of wind movement is
perflation, which refers to movement of air across the
room when doors and windows are open. It will perflate
with higher velocity if there is cross ventilation, i.e. when
two windows or doors are present opposite to each
other. Some degree of air movement also occurs by
aspiration. This occurs due to the suction effect at the
tail end of a moving air column when it meets and
bypasses an obstruction.

Temperature: This refers to movement of masses of
air of unequal temperatures. Warm air rises up and goes
through ventilators while cool air enters from below
through the openings near the floor.

Artificial Ventilation
The following methods are used for this purpose:

Extraction or vacuum system: Exhaust fans are
installed near the roof with the blades facing outwards.

Plenum or propulsion system: Fresh air is introduced
in the room, often near the floor, through ducts or
blowers. The commonly used air coolers or desert
coolers are based upon this principle.

Combined extraction and propulsion system: This
is used in congested halls and theatres where all natural
inlets and outlets are closed.

Air conditioning: Several types of air conditioning are
in use nowadays for artificial cooling or heating of air.
Their aim is to ensure proper air flow, humidity and
temperature. The air is first filtered and then saturated
with water vapor. After removing excess moisture, air
is brought to the desired temperature. The difference
between the airconditioned air and the outside air is
usually maintained at 5 to 8°C.
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Physical Environment: Water

Water is not only an environment but an essential
requirement for life. Water purification was done as early
as 2000 BC as mentioned in Sanskrit literature. The
methods used were: (i) keeping water in copper vessels;
(ii) exposing water to sunlight; (iii) filtering water through
sand and gravel; (iv) boiling; (v) dipping hot iron in water.
Provision of safe and adequate water to human popu-
lations is essential for health. Polluted water is known
to have caused several epidemics of water-borne diseases
in India, one of the most severe being the epidemic of
infective hepatitis in Delhi in 1955 which was caused
by contamination of water of the river Yamuna. The
Government of India launched the National Water
Supply and Sanitation Program in 1954 as an overall
part of the National Health Plan. However, the
achievements in this direction have been slow.

Only 77.7 percent urban population and 31 percent
rural population in India was estimated to have safe
drinking water supply in 1981.1 The International Water
and Sanitation Decade (1981-90) aimed at providing
“Water for All” by 1990.

CRITERIA OF POTABLE WATER

The water is said to be potable when it devoid of
pathogenic agents, harmful chemical substances, and
free from color, odor and usable for domestic purposes.

Sources of Water

Water Cycle

Approximately 97 percent of water being the salty sea
water and 2 percent is frozen in glaciers and polar ice caps.
Thus only 1 percent of the world’s water is usable to human
being and that as precious as life itself as lack of water
(dehydration) Kills as faster than lack of food (starvation).

Water evaporates from the sea and the land and
forms clouds. The clouds precipitate into rain and thus
water comes back to sea and land. Water falling on land
remains upland or goes under ground by percolation.
Thus, water sources can be divided into three categories:

1. Rainwater
2. Surface water
¢ Ponds and tanks

* Natural lakes and impounded reservoirs

* Rivers and streams
3. Groundwater

e Wells: Shallow, deep, artesian

* Springs: Shallow, deep, intermittent or seasonal,

hot springs or sulfur springs.

It may be mentioned that sea water can also be used
as a source of drinking water after desalination. The
technology is presently very costly and is used only in
a few oil rich Arabian countries.

It may be mentioned that 80 percent of water needs
of rural India are met by groundwater and 20 percent
from surface water. The situation is just the reverse in
urban areas, where 80 percent needs are met by surface
water and 20 percent from groundwater. It may be
mentioned that 50 percent irrigation of the country is
done with groundwater.

RAINWATER

Rainwater from roofs of houses may be collected and
stored in small tanks below the ground in scarcity areas
for future use. This is done in Dwarka (Gujarat) and
Churu (Rajasthan). This water is soft and clean, but has
to be protected against contamination. Rainwater is an
important source of water in some countries like
Indonesia and Gibralter.

SURFACE WATER

This is basically rainwater that has collected on the
ground. It is of three types as described below.

Ponds and tanks: These are the only water sources in
some villages. These are used for drinking, bathing and
washing by human beings and also for bathing of animals.
This water is badly polluted and is the cause of water-borne
diseases. In some cases wells are dug inside the tanks or
by their side to obtain from them water reaching there by
percolation. This water is safer than the pond water.
The methods of reducing water pollution of tanks and
of obtaining safe water are listed as follows:
e Raising the edges of the tank to prevent entry of
contaminated surface washings.
* Providing a fence around the tank to prevent the
approach of cattle and other animals.



* Providing an elevated platform from where people
can draw water from the tank. Direct entry of people
into the tank should be prohibited. Guinea worm
disease occurs because of direct contact between man
and pond water.

* (Cleaning the tank bed at the end of the dry season.

* Removing weeds periodically.

* Recent research? has indicated that tank water can
be made safer if it is drawn through a collecting well,
where the water collects after being made to pass
through a sand bed along the side of the tank as
shown in Figure 6.1 slow sand filtration.

e Chlorination can be done to disinfect tank water.

Natural lakes and impounded reservoirs: Lakes are
large natural collection of water. Impounded or artificial
reservoirs are made by making dams across streams.
They form a common source of water supply to large
or medium sized towns such as Nagpur, Mumbai and
Chennai. The purity of water in an impounded reservoir
depends upon the type of catchment area. Natural purifi-
cation takes place by ultraviolet light from sun and by
sedimentation and storage but this cannot be relied upon.
Water is usually supplied to towns after purification and
disinfection by artificial means.

Rivers and streams: These form a major source of
water supply. People take water directly from this source
in the belief that running water is safe. However, rivers
may be polluted by human and animal excreta, refuse
and sullage water, etc. discharged into them. Natural
purification does take place to some extent (through
sedimentation, dilution, oxidation, aeration, ultraviolet
rays, sunlight and the action of aquatic plants and
animals) but this may not be sufficient to render it safe
for drinking. Hence river water is supplied to the cities
after passing through purification plants.

River bank near the village may be marked into 5
divisions for safer supply. Limits of each division may
be indicated by flags from upstream to downstream for
different uses—drinking, bathing, washing of clothes and
utensils; watering of animals, and bathing of animals,
in that order.

Collecting well 1

Fencing or hedge

Highest water level

A |

Stone lining between high and low levels

~Sand filling Lowest water level

to well
Cement pipe
or tile drain

Fig. 6.1: Tank with collecting well (slow sand filtration)

GROUNDWATER

Rainwater percolates through the ground or soil. As
subsoil or under groundwater, it is present in the whole
of the porous mass. Further percolation stops when an
impermeable stratum is encountered. A porous mass with
lot of water, supported by an impervious rock or forma-
tion such as chalk, limestone, sandstone, millstone, grit,
etc. is called water-table.

Porous and rocky formations do not occur in straight
lines; water percolates down at some places, through the
soil above, beyond an impervious layer. Thus there may
be second, third and even fourth water tables, separated
by impervious layers. The quality of subsoil water drawn
by wells, tube-wells or springs depends on the nature of
the formation on which it rests and the number or depth
of the water-table from the surface.

Groundwater is obtained from wells and springs.
These are described below:

WELLS

Wells are a very common source of water supply in India.
They are of three types—shallow wells, deep wells and
artesian wells. The wells, whether shallow or deep, may
be of two types, viz. open wells and tube-wells. An open-
well is a pit dug out in the ground to reach the water
level. Water is obtained through a rope and bucket.
Sometimes a hand-pump or motor pump may also be
installed in an open well. A tube-well is a bore hole with
a tubing through which water is obtained with the help
of a pump. As per this definition, an ordinary hand-pump
is also a tube-well, but in common usage the term tube-
well implies a pump operated through a motor.

Shallow well: The terms shallow and deep well do not
refer to the actual depth of the water level from ground.
They refer to the water table as defined earlier. A shallow
well draws water from the first water table which is near
the surface. Such a well may be polluted by bacteria and
other impurities which percolate down along with rain
or spill water. Some natural purification takes place
through the porous soil (which acts as a filter) and
through the action of soil bacteria. Shallow well is the
most common source of water in the villages. Continuous
disinfection (by bleaching powder, for example) is
necessary to have safe drinking water from shallow wells.

Deep well: It draws water from the second or a deeper
water-table. This water is much cleaner and bacterio-
logically safer, but is often hard because of a high mineral
content. The minerals (calcium and magnesium carbo-
nates, sulphates and chlorides) are derived from the lime-
stone formations. Deep wells may be sometimes several
hundred feet deep depending upon the location of the
impervious layer. The quantity of water that can be
drawn from a deep well is usually more than that avai-
lable from a shallow well, which may dry up after a few
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years of use. Deep tube-wells are often used as a source
of city water supply. In Delhi, many tube-wells are used
to supplement the water supply from Yamuna river. In
Chandigarh, the entire city water supply is obtained from
deep tube-wells.

Artesian well: The water source for percolation in this
case is at a very high level. The impervious table sloped
down to some place much lower down and water is held
up under pressure between the two impervious tables.
When a tube-well is sunk at such a place, the water gushes
out with force. The water is variable in nature and may
be cold or warm, soft or hard. Artesian wells are not
common in India. Some are found in Gujarat in Viram-
gam and Dholka Talukas in Ahmedabad, Harij in Mehsana
and Radhanpur Taluka in Palanpur.

Stepwell: Stepwells are mainly found in the desert areas
of Gujarat and Rajasthan, some descending by as many
as 170 steps and 46 meters to reach the water. Here
monsoon rain is caught in a depression or behind a
hand-built earthen dam. The rainwater percolates down
through fine silt, which screens out particulates, until the
water reaches an impermeable layer of compact clay that
keeps it from sinking deeper into the ground. In that way
the muddy runoff of the monsoon is stored near the
surface as a giant sheet of clear water: an underground
aquifer.

When the water level is high, during the monsoon,
the visitor descends only a few steps to drink or bathe
or fill the household vessel; when the water is low, one
has to descend further, as deep as nine stories down,
to get the water.

Public health implications: Cyclops which harboured
guinea worm disease was abundant in stepwell water.
A stepwell was host not only to human beings but also
to entire community of bees, fishes, lizards, parrots,
pigeons, and turtles, which helped in spreading of
different diseases.

SANITARY WELL

A sanitary well is one which is so located and constructed
as to provide adequate prevention from contamination
and pollution of water. Since wells form the most
common source of water in the rural areas, it is important
to know in detail the sanitary measures for making the
well water safe (Fig. 6.2). These measures are described
below as primary and secondary measures. It is
important for the PHC medical officer to know these even
today.

PRIMARY MEASURES

* A pucca brick casing resting on a wooden circular
plate, lined inside by cement plaster entirely and on
outside up to about 1.75 meter or so, fortified by ram-
ming with clay.

Reinforced
concrete
cover
J
Platform with
channellgd -
drain c
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Fig. 6.2: Protected well

e A parapet wall 0.5 to 1 meter high with cement lining
on both sides and sloping outwards on top.

* A pucca cement concrete surrounding platform 0.5
to 1 meter wide and sloping towards the periphery.

e A circular drain around the platform, to receive spilled
water.

* A drain 15 to 30 meters long ending into a soakpit,
garden or a field.

* Drawing water arrangement—A common bucket
should be used which can be pulled using a pulley
or a wheel with handle. It is preferable to instal a
hand-pump or a motor pump if possible.

e The well should be properly covered. This markedly
improves the bacteriological quality of water.3
Covering the well also prevents sunshine, thus
checking the growth of algae and fungi in water.

e There should be no trees nearby. Tree leaves may
fall into the open well. Besides, growth of trees nearby
may cause cracks in well wall.

e Distance from privy, cesspool, soakpit, drain, or
manure heap should not be less than 15 meters.

* The well should not be so low as to be subject to
flooding by rain water or to washing in of surface
impurities from the surroundings.

* Adeep well is preferable as it is less likely to be polluted.

SECONDARY MEASURES

* A pucca washing place away from the well for
washing of clothes so that no washing is done on the
surrounding platform.

* A bathing shed or bathrooms near the well, to prevent
people from bathing on the surrounding platform.

* A platform with a drain to clean utensils at a distance
of 2 to 3 m.



* Tank for watering animals at a distance of 5 to 6
meters.

* A sloping platform for washing and bathing of ani-
mals near the watering tank. It should have a gutter
to receive the waste water.

* Regular chlorination (at least once a week ordinarily,
twice a week in rainy season and daily when there
is threat of an epidemic). This ensures bacteriological
safety.

WATER QUANTITY, YIELD AND AREA OF DRAINAGE

The quality of water in a well is required to be measured
to know how much of bleaching powder is to be added
for disinfection. This can be found by multiplying the
surface area of water column by its depth. The
appropriate formula would be:
Quantity of water = mr? x W cubic meters
= mr? x W 1000 liters

where 1 = 3.1416
r = Radius in meters
W = Depth of water in meters

A little arithmetical manipulation gives the following
formula:

Quality in liters = Square of diameter in meters x Depth
in meters x 785

The Yield of Water per day is the quantity of water
that can replace the water drawn from the well. This
is found by pumping the well empty and then noting
the depth of water column that accumulates after 24
hours. The quantity of the water that has accumulated,
or the yield, is then calculated by the formula given
above. For estimating the area of drainage of a well,
the base of the well may be considered as the apex of
a conical zone of filtration. The radius of this cone is
3 to 4 times the depth of the well. Thus if a well is 10
meters deep, its area of drainage is within an area of
30 to 40 meters radius around the well. This should
be kept in mind in relation to a latrine or other likely
source of pollution near the well.

Sometimes it may be necessary to confirm whether
pollution is reaching the well from a particular suspected
source. This can be done by putting a solution of
fluorescein or Rhodmin B in the suspected source of
pollution and looking for the dye in the well water.
Detection can also be done by adding chromobacteria
to the suspected source. An example is Chromobact
prodigiosum which can be easily identified by its red
colonies.

Periodic cleaning of wells is necessary for maintaining
the quality of water. The base of the well should be
dislodged or distilled at least once in a year. This impro-
ves not only the quality but also the quantity of water.

Hand-pumps

Water from a hand-pump is safer than that from open
wells. It is the government’s endeavor to provide hand-

pumps in all villages. When that happens, there will be
no need to retain in this book the detailed description
of a sanitary well given above.

The ordinary hand-pump made of cast iron is designed
for only limited depth. It has several deficiencies such as
how discharge, greater manual effort, possibility of
contamination and shorter lifespan. These defects were
removed in the India Mark Il pump developed in India
with support of UNICEE It is made almost entirely from
steel and is galvanised, making it sturdy and long-lasting.
It also has excellent built-in mechanical efficiency so that
even children can operate it easily upto a depth of 30
meters. It is also totally sealed from external contamination.
Its simple design makes it easy to produce even in small
factories. Quality control is ensured through its stan-
dardization by the Bureau of Indian Standards (ISI No
9301). More than 1.5 million Mark II pumps have been
installed in India. Several thousand have been installed
in many other countries of Africa, Latin America and Asia.*
However, its maintenance and repair are not easy at village
level. In order to remove this drawback, two optional
designs, have emerged: (a) The India Mark II (modified)
Deep well Hand-pump and; (b) The India Mark III VLOM
(Village Level Operation and Maintenance) Deep-well
Hand-pump.

The India Mark IlI (VLOM) Deep-well hand-pump
(ISI: 13056) is made of very strong materials and seldom
breaks down. All the parts are checked and tested so that
they fit together perfectly. This hand-pump can be main-
tained even by village women themselves, with little train-
ing, using simple tools. Therefore India Mark Il (VLOM)
Hand-pump is more suitable for village level operation
and maintenance. Its main feature are:®
e Easily maintainable by village communities requiring

minimum skills, training and tools.

* Robust and reliable under field conditions.
e Cost effective, and
e Greater mean time before failure (MTBF).

Springs

They are formed by groundwater flowing over to the
surface when an impervious formation comes near the
surface of earth. Springs are cheap, clean and usually
safe source of water supply for small communities in the
hills. The point at which they issue has to be protected
from contamination. They may be shallow or deep as
per the same criteria applicable in case of shallow and
deep well. Springs are not a major source of water supply
in India.

Water Supply and
Quantitative Standards

It is desirable to have piped water supply for all comm-
unities for proper health and cleanliness. It is a must
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for large communities. Such supply should be adequate,
wholesome and safe. The layout of water pipe schemes
and their working is entirely in the hands of public health
engineers. A water supply system consists of three
components: the source of water, the waterworks refers
to the purification plant where water is purified and pum-
ped to a tank at a higher level, often known as service
reservoir, where a water-head of 6 m is maintained above
the highest building. From service reservoir, water goes
by gravity to the city from which service pipes branch
out for various streets and buildings.

Individual water needs differ widely depending upon
habits, climate etc. Approximate requirements for various

purposes are given below in liters per capita per day.

Use Liters

Domestic

Drinking 15

Cooking 3.0

Cleaning utensils 15.5

Washing 5.0

Bathing 35.0

Flushing of latrines 15.0

Laundering 15.0

Total 90.0

Public

Street washing, flushing of sewers,

watering of public parks and

gardens, building construction and

fire fighting 25.0

Industrial and commercial use 25.0

Animal use 10.0
Grand Total 150.0

The above requirements add up to 150 liter per day.
Allowing for an excess margin of 20%, the Environmental
Hygiene Committee of Government of India recommen-
ded provision of water at the rate of 180 day for large
communities and at a lesser rate for smaller communities
as given below.®

Population Quantity per head  Quantity per head
(without sewerage)  (with sewerage)

1,000-5,000 60 liters 80 liters

5,000-20,000 80 liters 100 liters

20,000-50,000 100 liters 120 liters

50,000-2,00,000 160 liters 180 liters

Greater than 2,00,000 180 liters 180 liters

National drinking water requirements have been
targeted at 40 liters per capita per day in rural areas and
110 liters in urban areas. The requirement in Chennai
and Hyderabad has been fixed at 140 to 170 liters and
in Delhi at 270 liters per capita. Delhi gets only half this
amount at present. In comparison, per capita consump-
tion of drinking water in US cities is 540 liters.

As pointed out by the World Bank, as much as
40 percent of the per capita water supply in urban areas
is used for no useful purpose other than flushing away
wastes.” The water needs for a community would thus
be almost halved if alternative appropriate technology

is used for waste disposal. Efforts are being currently
made to develop such technologies.

Water Quality and
Qualitative Standards®’®

Water is an immediate environment of the human host.
It may harbour many harmful agents that may produce a
state of disease. Such agents may be biological, chemical
or physical, as described below. Water pollution is further
discussed in the chapters on environmental pollution.

Biological

* Viruses—Examples are viruses of infective hepatitis,
poliomyelitis and Coxsackie group which enter water
when it gets polluted with stools or sewage.

* Bacteria—These cause dysentery, typhoid, para-
typhoid, cholera and food poisoning. Tularemia and
anthrax have also been transmitted through water.
Leptospira icterohemorrhagiae, passed in urine of
rats, may also pollute water.

* Protozoa—Cluysts of Entamoeba histolytica and giardia.

e Worms—QOva of roundworms may pollute water com-
ing in contact with polluted soil. Water can also be
a vehicle for transmission of guinea worm and trema-
todes.

Chemical

Excess of soluble salts like sulfates may cause
diarrhea. Hardness due to sulfates and chlorides of
calcium and magnesium may cause digestive upsets.
Fluorides in excess may cause symptoms of fluoro-
sis. Fluorine and iodine deficiency may be associated
with caries and goitre respectively.

* Lead or other metals such as iron, zinc and copper
may cause poisonous symptoms. Insoluble matter
such as sand, clay and mica may cause irritative
diarrhea when present in excess.

* Insecticides used in agriculture may pollute water and
cause poisoning.

Physical

Water containing radioactive wastes may be hazardous
to health.

Standards of Quality
These may be classified as physical, chemical and micro-

biological standards, as described below.

PHYSICAL STANDARDS

Wholesome water should be odorless, tasteless and clear
without any turbidity.



Color

A large collection of water may be apparent as pale blue
or pale green, otherwise water is colorless. However, it
may be reddish when iron salts are present in it. A dilute
solution of K,CrO; and cobalt sulfate in the tintometre
is used to measure the color. There is a standard series
or colored tubes. The color of good water is 0.5 on Hazen
scale. It should not be more than 5 units as per the
platinum cobalt scale.

Odors

They are imparted by algae and organic and mineral matter
that reaches water through seepage or from industries. Algae
give a fishy or putrescent odor on decomposition. Tar, peat
and gases impart their typical smells. No disagreeable smell
is permissible in portable water.

Taste

A pleasant taste is due mainly to dissolved O, and COs,.
That is why boiled, distilled or rainwater has a flat or
insipid taste. The taste can be regained by shaking. Well
water may sometimes be brackish in taste.

Reaction

Sour taste is due to acids (excess of CO,) and bitter taste
is due to alkalies (such as ammonia) from decaying
organic matter like dead animals, leaves, rotten wood
and dead marsh plants. pH should be 7 to 8.5.

Turbidity

It is due to fine particles of mud, sand, slime, clay, loam,
and organic matter and a large variety of aqueous
microorganisms including plantation suspended in water.
They settle down by storage or on adding alum. Turbidity
can be measured by Jackson-Candle turbidimeter. The
permissible limit is up to 5 units.

Radiological Quality

Increasing pollution of water sources!? with radioactive
wastes from nuclear reactors has become a problem
during recent years. Another source is the radioactive
debris from nuclear fall ou ts. This debris, usually from
a nuclear detonation, is deposited on the earth after
having been blown by the winds. International standards
for the upper limit of radioactivity in water are as follows:

Gross alpha activity—3 picocurie/l

Gross beta activity—30 picocurie/l.

CHEMICAL STANDARDS

The WHO had laid down water standards under three
categories.®

Toxic Substances

These are lead, selenium, arsenic, cyanide and mercury.

Substances that may Affect Health

* Fluorine: It should be present in a concentration of
0.5 to 0.8 mg/l to prevent caries. Concentration less
than 0.5 mg/l is associated with caries in the
population. Excess fluoride (more than 1.5 parts per
million) causes chalky discoloration of teeth, seen first
on incisors as transverse patches. Levels above 3.5
PPM may be associated with skeletal fluorosis. High
fluoride content has been found in Punjab (up to 44
PPM and beyond), Andhra Pradesh, Tamil Nadu,
Kerala and Junagadh district of Gujarat.

* Nitrates: Some water samples may be too rich in
nitrates. Amounts in excess of 45 mg/l (as NO3) may
cause methaemoglobinemia in infants. No harmful
effects are seen in adults.

e Polynuclear aromatic hydrocarbons (PAH): These
may be carcinogenic. They should not be present in
water in excess of 0.2 mg per liter.

Substances that may Affect
Water Acceptability

These include—iron, calcium, copper, zinc, etc. Their
presence affects water acceptability due to changes in
color, taste, etc.

The levels of various chemical substances permissible
in drinking water have been given by WHO? as “highest
permissible levels” and by Indian Standards Institute® as
“desirable upper limit”. These are shown in Table 6.1.

Besides the above, other BIS standard for drinking
water (upper limit) are: Color (10 Hazen units), Turbi-
dity (10 NTU), pH (6.5 to 8.5).

It may be mentioned here that tube-well water in
some parts of Delhi has excessive levels of iron and
chlorides. It is also too hard in some areas.

Hardness of Water

Water is said to be hard when it destroys soap because
of the dissolved salts. These salts are bicarbonates, sul-
fates and chlorides of calcium and magnesium. The
hardness due to the presence of bicarbonates was earlier
labelled as temporary hardness as compared to
permanent hardness due to other salts. These terms are
no longer used now. Hardness is expressed as
milliequivalents per liter of the hardness producing ion.
Thus a sample of water having 50 mg of calcium
carbonate per liter would have 1 mEq/L of hardness.?
Water can be categorized as soft or hard as follows:

mEq/L
Soft 0-0.9
Moderately hard 1-2.9
Hard 3-5.9
Very hard 6 and above
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TABLE 6.1: Chemical standards for water

WHO BIS

e Toxic substances
Lead (as Pb) 0.05 0.1
Selenium (as Se) 0.001 0.01
Arsenic (as As) 0.05 0.05
Cadmium (as Cd) 0.005 0.01
Cyanide (as Cn) 0.05 0.05
Mercury (as Hg) 0.001 0.001

¢ Substances that may
affect health
Fluoride (as F) 0.6-1.2
Nitrates (as NOy) 45

¢ Substances that may
affect acceptability
Iron (as Fe) 0.1 0.3
Calcium (as Ca) 75 75
Copper (as Cu) 0.05 0.05
Zinc (as (zn) 5 5
Manganese (as Mn) 0.05 0.1
Magnesium (as Mg) 30 30
Total dissolved 500 500
solids
Chloride (as Cl) 200 250
Sulfate (as SO,) 200 150
Phenolic (as CgHsOH)  0.001 0.001
substances
Total hardness (as CaCO,) 100 300
Mineral oll 0.01
Residual free chlorine 0.02

NB—AIl values are in mg/liter. BIS = Bureau of Indian Standards

Too soft water is insipid in taste. Drinking water
should be preferably moderately hard.
Hardness is objectionable for the following reasons:

e Hard water precipitates soap forming curds. Hardness
causes wastage of soap and difficulty in laundering,
bathing and hair washing.

e Hard water affects the durability of textiles.

e Hard water causes encrustation in boilers and utensils
which might crack on sudden heating. Encrusted
utensils require more fuel for heating. Hard water also
causes scaling, encrusting, occlusion and bursting of
water pipes.

* Hard water is unsuitable for certain industries.
There is no conclusive evidence that hardness affects

health. Some people get digestive upsets when they are
not used to hard water. On the other hand, coronary
artery diseases has been found to be more common in
areas with soft water supply. This has been attributed
to magnesium deficiency.!!

MICROBIOLOGICAL STANDARDS

Ideally, drinking water should not contain any micro-
organism at all. This ideal is unattainable. Natural waters
contain various types of bacteria that may be
saprophytes, coliforms (typical, atypical and
intermediate atypical coliforms, IAC) and pathogens for
cholera, typhoid, dysentery, etc. The main aim of testing
for water quality is to look for the presence of coliform

bacteria in water to know whether water is being
polluted by human excreta which may contain
pathogens. Most authorities now insist that water should
be free from all sorts of E.coli as well as fecal
streptococci. The WHO has recommended the following
criteria of safety for large water supplies:

* No sample should have E.coli in 100 ml.

* No sample should have more than 3 coliforms per

100 ml.

* Not more than 5 percent samples throughout the year

should have coliforms in 100 ml.

* No two consecutive samples should have coliform

organisms in 100 ml.

The above standards may have to be relaxed in case
of small water supplies from wells, etc. In such cases
isolated samples should not have more than 10 coliforms
per 100 ml. Persistent presence of coliforms, especially
of E.coli, would indicate that the water is unsafe for
drinking.

While detailed microbiological techniques are to be
found in appropriate textbooks, a brief description of the
method used for surveillance of water quality is given
here. These methods are of four types: presumptive coli-
form test, colony count, test for fecal streptococci and
Clostridium perfringens and tests for pathogens.

Presumptive Coliform Count
(Multiple Tube Technique)

Itis done on lactose bile salt medium (MacConkey’s broth),
which is a selective medium for coliform bacteria which
produce acid and gas. Acid is indicated by the medium
turning red. Gas gets collected in the Durham’s tube.

Method: Sterilize 16 tubes containing single or double
strength MacConkey’s fluid medium. Add different
quantities of water to be tested as follows:

* 50 ml water to 50 ml double strength medium in one
tube.

* 10 ml water to 10 ml double strength medium in each
of 5 tubes.

* 1 ml water to 5 ml single strength medium in each
of 5 tubes.

* 0.1 ml water to 5 ml single strength medium in each
of 5 tubes.

* Incubate for 48 hours and read the result.

The probable number of coliform bacilli per 100 ml
of water is found by referring to McCrady’s table. It is
called presumptive count because the actual number of
organisms in the sample of water is not counted. It is
presumed that each of the tubes in the test showing
fermentation contains coliform organisms.

Further confirmation of the type of coliform organisms
is done by the Eijkman’s test. In this test the typical fecal
Escherichia coli are differentiated from nonfecal
coliforms by incubating the tubes at two different
temperatures, viz., 37°C and 44°C. The E. coli grow
at 44°C while the other coliforms do not.



Colony Count

The aim here is to have an estimate of the general
microbiological quality of water. The standard count
involves inoculating nutrient agar plates with 1 ml water
and inoculating them at two different temperatures—
22°C for 72 hours and 37°C for 48 hours. The number
of colonies is then counted. The growth at 22°C
indicates the presence of saprophytes. The following
guidelines for safe water are used for interpretation:

Disinfected water—Plate count 0 at 37°C and upto
20 at 22°C.

Undisinfected water—Plate count up to 10 at 37°C
and not more than 100 at 22°C.

A high total count at 22°C has no value. However,
sudden changes from low to high may indicate pollution.
Uncontainated well water may have a total count of 100
to 200 per ml. Surface waters have high count, especially
after rains, while groundwaters usually have a low count.

Fecal Streptococci and Clostridium Perfringens

Since these bacteria are of fecal origin, their presence may
be looked for and may provide confirmatory evidence
when fecal pollution of water is suspected but is doubtful.

Pathogens

When indicated, specific tests may be performed to look
for the presence of pathogenesis like Vibrio cholerae.

Some chemical criteria are also useful for determining
the microbiological quality of water. These are described
below:

AMMONIA

Free and saline ammonia is produced on decomposition
of organic matter, hence its presence indicates organic
or sewage pollution of recent origin. It should not be
present in excess of 0.005 mg/l. Albuminoid ammonia
indicates the presence of undercomposed organic matter.
Its upper permissible limit is 0.01 mg/l. It is absent in
under groundwaters.

NITRITES

These indicate recent pollution, except in deep well water,
where it might be formed as a result of reduction of
nitrates by ferrous salts. Nitrites should be absent in water.
Water containing more than a trace should be suspected
to be polluted.

BIOLOGICAL OXYGEN DEMAND OF WATER

The amount of organic matter present in water is
indicated by the amount of oxygen absorbed by it. The
amount absorbed by one liter of water in 5 minutes
should not exceed 0.1 mg. The amount absorbed in 4
hours should not exceed 0.5 mg.

DISSOLVED OXYGEN

Low levels of dissolved oxygen in water indicate that
it contains organic matter. Dissolved oxygen should not
be less than 5 mg/l.

Collection of Water Samples

For physical and chemical analysis, about 2 liters of water
is collected in a Winchester bottle after it has been rinsed
twice. The bottle is stoppered and sent to the laboratory.
In case of a tank or river the sample should be taken
1 to 2 meters away from the shore without disturbing
the mud and should be filled from below the surface.
From a well, the sample should be taken after the day’s
pumping is over. While collecting from a tap the sample
should be taken after letting the water run off for some
time.

For bacteriological analysis a 230 ml sterilized bottle
with a glass stopper, covered with a rubber cap, is taken.
The bottle is packed in ice and sent to the laboratory
within 6 hours. The following details about the source
of water should be forwarded with the sample for the
opinion of the expert:

* Date and time of collection

e Purpose of analysis

e Source of water and address

* Nature of soil and source of pollution, if any, with distance
* Condition of the well and the method of drawing water
* Recent rainfall or flood

* Any existing water-borne disease

* Any other particulars.

Purification of Water

Water has to be treated before use in such a way that
it conforms to the prescribed standards and is free from
harmful agents as far as possible. Such treatment may
be carried out at large, medium or small (domestic) scale
as described below.

Purification on Large Scale

This is carried out in the following stages:
e Storage

 Filtration

* Chlorination.

STORAGE

This is an important step in purification. Up to 90 percent
of suspended matter settles down within 24 hours of storage.
This allows penetration of more sunlight which has its own
sterilizing effect. The bacterial content decreases markedly,
the colony count decreasing to about 10 percent of the initial
level within a week. Some more fall occurs during the
second week. Storage beyond two weeks may be
associated with growth of algae, hence it is not
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recommended. The chemical changes during storage
include a fall in free ammonia and a rise in nitrates because
of the oxidising action of aerobic bacteria upon organic
matter.

FILTRATION

On a large scale, filtration was started in the beginning

of 19th century. There are two types of filters.

1. Slow sand filter, biological filter or English filter.

2. Rapid sand filter, mechanical filter or American filter,
which is again of two types: Paterson filter (Gravity
filter) and Candy filter (Pressure filter). The slow sand
filter was the one used initially. Nowadays the rapid
sand filter is also in common use.

Slow Sand Filter'?

The slow sand filter essentially consists of four elements:

e Water head, which is a layer of raw water 1 to 1.5
metelrs deep.

e Sand bed (1.25 meter thick, composed of sand
particles 0.15 to 0.35 mm in diameter), supported
on a layer of fine and then coarse gravel.

* Drainage system for filtered water consisting of perfo-
rated pipes.

e Filter control valves in the outflow pipe with the help
of which the outflow of water is regulated in such a
way that a constant water head of 1 to 1.5 meter is
maintained. The first three elements together constitute
the filter box, which is an open rectangular box 2.5
to 4 meters deep. The different layers in the filter box
from bottom upwards are listed below (Fig. 6.3).

Drains at the bottom with perforations 5cm
Layer of bricks with gaps 10 cm
Small stones about 1 cm in size 10 cm
Gravel pieces about 0.5 cm in size 10 cm
Fine sand (coarse sand in case of rapid sand filter) 75 cm
Water head above the sand 150 cm
Total 3.6 meters

Within 2 to 3 days after the fresh sand layer is laid
down, a slimy vital layer or filtering membrane is formed
at the top of the sand bed. This consists of multiple forms
of microorganisms, including bacteria, diatoms, plankton
and algae embedded in silt and organic matter. This
biological layer helps in purifying water by holding back
bacteria and by oxidising the organic matter. The
formation of the biological layer is referred to as ripening
of the filter. When fully formed, it is 2 to 3 cm thick.
When this becomes too thick, it has to be scraped. The
new layer takes 24 hours to develop, during which
period proper filtration cannot occur and the filtrate has
to be discarded. Thus the slow sand filter does not
permit continuous water supply.

The rate of filtration through slow filter is 0.1 to 0.4
cubic meters per sq meter of surface per hour. Water

\\

Inlet for raw water
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Filtered water Concrete

Fig. 6.3: Section of slow sand filter

takes about 2 hours to pass through the slow filter. One
cubic centimeter of sand in the filter bed provides 150
sq c¢cm surface area to the water passing through it.

Rapid Sand Filter

This is the filter commonly used nowadays. Before the
water comes to the filter it is subjected to a process of
coagulation. The coagulant used is alum in a dose of
5 to 80 mg per liter depending on turbidity. In the
presence of calcium carbonate, alum forms ‘floc’ as per
the following reaction:

Aly(SO,) + 3CaCO; + 3H,0 = 2AI(OH); + 3Cay,SO, + 3CO;,

The floc is a flocculent precipitate of aluminium
hydroxide which clarifies the water. It entangles all
particulate, suspended and colloidal matter along with
bacteria and forms ‘floc’ balls’ which, being heavy, settle
down to the bottom. Thus the bacterial content of water
decreases and any undesirable colour and odours are
removed or reduced.

As the water enters the purification works from the
raw source, it is mixed rapidly and thoroughly with alum
in the mixing chamber. From there it goes to a
flocculation chamber where it rests for half an hour.
During this period, it is gently stirred with the help of
slowly rotating paddles. As a result, a copious precipitate
of aluminum hydroxide forms. Next, the water moves
to the sedimentation tank. Here the puffy balls of floc
settle down along with the bacteria and suspended
matter. The water rests in the sedimentation tank for
2 to 6 hours. The clear water above the precipitated
sludge now goes to the filter bed.

The filter bed in rapid s and filter is essentially similar
to that in the slow sand filter, with two differences.
Firstly, the sand is coarser (diameter 0.6-2 mm).
Secondly, the biological membrane is replaced in the
rapid filter by the layer of “alum floc” which escapes
settling in the sedimentation tank and is held at the top
of the sand bed as a slimy layer capable of holding back
bacteria. When this layer becomes too thick, there is
“loss of head”, i.e. the water level above the filter bed
rises due to slowing of filtration. The filter is then back
washed by agitating the sand by bubbling of air from
below in the reverse direction. After back washing the
slimy layer again forms within 5 minutes. The total time



taken for revitalization (back washing plus settling of
fresh slimy layer) is only 15 minutes. Thus it is almost
a continuous process unlike the slow filter, where the
period of interruption is at least 24 hours. The rate of
filtration in a rapid filter is 4000 to 7500 liters per sq
metre per hour as against 100 to 400 liters per sq metre
in case of slow sand filter. Similarly, the downward
velocity of water is 400 to 7500 cm per hour in the
former and 10 cm per hour in the latter.

The slow filter removes 99.9 percent of bacteria as
against 98 to 99 percent in case of rapid filter, but this
is of little consequence, especially when filtration is
followed by chlorination.

CHLORINATION

Chlorination has numerous functions in water treatment

besides disinfection. It acts as an oxidant and an aid to

coagulation, controls odors and tastes, suppresses
biological growths in transmission mains and maintains
residual disinfection to protect the distribution system.

Chlorination is the method of choice for sterilization of

water on a large scale. It is the cheapest and most reliable

method. Liquid chlorine in steel cylinders or drums is

available for this purpose. The cylinder is fitted with a

mechanical device (chloronome) that regulates the dose

of chlorine. It is first mixed up with a small quantity of
water and then added to the flowing water. Chlorine acts
on water in the following ways:

* [t combines with chemicals like iron, magnesium and
HyS, etc. to form chlorides.

e [t forms hypochlorous acid (HOCI) which is
responsible for the disinfectant action.

H,O + Cl, = HOCI + HCI
The hypochlorous acid further breaks to produce
hypochlorite ion.

e If there is any free or albuminoid ammonia in water,
chlorine combines with it to form chloramines as below:
NH,OH + Cl, = NH,Cl or NHCI, or NCl; + H,O
The mono, di or tri chloramines have slow but pro-
longed germicidal and bacteriostatic action. They
prevent growth of algae and fungi in tanks and
reduce colors and odors. They get destroyed on
prolonged contact.

* Free or residual chlorine remaining in water acts as
a powerful germicide, killing pathogenic bacteria (but
sparing spores, cysts, ova and viruses of polio and
viral hepatitis, except in high dose). It should be
ensured for proper chlorination that 0.5 mg chlorine
per liter of water is present after 1 hour contact in
residual chlorine.!?

The action of chlorine depends on:

* Contact time

* Organic matter, metals and bacterial content

* Temperature and pH; Chlorine is less effective at low
temperature and high pH

*  Amount of free or residual chlorine or chloramines.

Chlorine demand of filtered and natural waters,
otherwise clean, is usually not more than 1 PPM. One
to two kg liquid chlorine is needed for one million liter
of water. The dose has to be adjusted as per the demand.

The usual method of chlorination for large water
supplies is the break point chlorination. Break point is
that point of time when, as chlorine is added to water,
its chlorine demand is met and free chlorine starts
appearing in water. Chlorine demand is the amount of
chlorine needed to Kill bacteria, to oxidise organic matter
and to neutralise the ammonia present in water. The
principle of break point chlorination is to add sufficient
chlorine so that 0.5 PPM free chlorine is present in water
after break point has been reached.

Sometimes chlorination is done by ammonia-chlorine
process or chloramination. In this process ammonia is
added first, followed by chlorine. The latter exerts its rapid
bactericidal action and then combines with NHj5 to form
chloramines. Long contact of at least 2 hours is neces-
sary for chlorine to kill bacteria. Thus it is suitable in case
of a swimming pool where enough time is available and
prolonged action is required.

In case of highly polluted waters the preferred
method of chlorination is superchlorination followed by
dechlorination. In this method a high dose of chlorine
is added. After about 20 minutes contact, dechlorination
is done with sodium sulphate or sodium thiosulphate to
reduce chlorinous taste. This method is suitable for wells
and ponds heavily infected or suspected to contain
infectious agents not killed by ordinary chlorination such
as the viruses of polio and infective hepatitis, cysts of
Entamoeba histolytica, circariae of schistosomes and
cyclops.

Chlorination of water gives rise to several chlorine
compounds, whose nature is not fully understood. Some
of these may be carcinogenous. Many of these belong
to the category trihalomethanes, the total quantity of which
in drinking water should not exceed 100 mg/l as per
current US federal standards. Chloroform, a potential
carcinogen, is one of these trihalomethanes. People who
drink water containing chloroform as a result of chlorination
run a one in ten million chance of developing cancer in
their lifetime.1* The WHO has set a recommended limit
of 30 mg/l for chloroform in drinking water.!%

ALTERNATIVES TO CHLORINATION

In view of the slight risks associated with chlorine,
economically developed countries use the following
alternatives to a variable extent.

Chlorine Dioxide

It is an industrial bleaching agent, also used widely in
water treatment plants for taste, odor and algae control,
as also for removal of iron and manganese.® In Europe,
it is used for disinfection also. It is a highly effective biocide
against bacteria and viruses and leaves a residual.#
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Chloramine

Free aqueous chlorine is applied as a primary
disinfectant for an hour or so, and then ammonia is
added to form chloramine as residual disinfectant and
inhibit further formation of haloforms—and presumably
other chlorinated organic compounds—in the
distribution system. In naturally ammonia-rich waters
simply adding chlorine will produce chloramines.

Chloramine appears to be less effective than chlorine
in preventing nuisance growths in pipes, causing un-
sightly filamentous sediments at consumer taps. For the
same reason, the odorous secretions of algae, which are
not killed by chloramine, may persist. Also, chloramine
is not a strong enough oxidant to remove the odorous
products of decaying vegetation.

Ozone

Widely used in Europe and Canada as a primary
treatment technique, the technology of large scale ozone
plants is well established. Ozone generation from air or
oxygen requires a large power source and cooling, for
which relatively complex equipment is needed. Ozone
is a strong oxidizing gas. It reacts rapidly with most
organic molecules. Its short half-life in water, approxi-
mately 10 to 30 minutes, requires it to be generated
on site, and it does not produce a residual, so a second
disinfectant must be added to give the necessary protec-
tion in the distribution system.

Ultraviolet Light

UV radiation can be applied to water to kill micro-
organisms. However, water must have low turbidity
because particulate matter adsorbs radiation. UV
radiation technology was first developed for small
private water systems, but has recently been applied
successfully to a municipal system in the UK.14

TESTS OF FREE CHLORINE

Orthotolidine test: It is done to find the presence of
both free chlorine and chloramine in water. On addition
of the reagent (analytical grade orthotolidine dissolved
in 10 percent of HCI) immediate development of yellow
color indicates free chlorine. Deepening or appearance
of color after some time is due to combined chlorine.

Orthotolidine-arsenite test:® This is a refinement of
the orthotolidine test. It determines separately the free
and combined chlorine in water.

Starch iodide test: It is carried out to detect residual
or free chlorine in tap water. Add 1 ml of freshly
prepared starch solution to 5 ml of water to be tested.
Add a crystal of potassium iodide. If free chlorine is
present in water, blue color appears immediately.
Cadmium iodide is used for the same purpose in
Horrock’s test.

Purification on Medium Scale

This is needed when water is obtained from wells,
springs and tanks. Disinfection is done by chlorination,
usually by adding bleaching powder or chlorinated lime
(CaO + CaOCly). It is a cheap, reliable, easy to use
and safe disinfecting agent. It is a white, lumpy or
amorphous powder, with feeble chlorine smell and bitter
saline taste. Chlorine content in fresh bleaching powder
is 33 to 38 percent but deteriorates on standing to 25
or 20 percent. Bleaching powder is rendered relatively
stable if it is mixed with quick lime or calcium oxide.
The usual ratio is 4:1. This mixture is known as stabilized
bleach and does not allow chlorine content to fall below
33 percent. Storage should be done in a cool, dark,
dry place in a tight container.

To disinfect a well or tank, find the quantity of water
as described earlier. Then add bleaching powder at the
rate of 2.5 gm to 1000 liters of water. This gives about
0.7 mg of applied chlorine per liter.2> The dose may be
increased by 1.5 to 2 times in epidemics and by 4 times
to Kkill cyclops or viruses. If one is not sure about the
quality of bleaching powder (i.e. chlorine available) or
the chemical and organic content of water (i.e. chlorine
demand) it is better to do disinfection after performing
Horrock’s test which indicates the chlorine demand of
water, i.e. the amount of a particular bleaching powder
needed for disinfecting a particular water source to get
1 PPM of chlorine.

The procedure recommended by the Ministry of
Health for chlorination of wells is addition of approxi-
mately 10 gm bleaching powder per 1000 liter of water
assuming its chlorine content to be 21 percent.!® The
quantity to be added would be proportionately reduced
if the powder is stronger. This quantity is sufficient to
give a chlorine level of 2 ppm immediately after
chlorination and 0.5 ppm after half an hour.

The required quantity of bleaching powder is placed
in an enamelled bucket (the galvanized bucket gets
corroded). Not more than 100 gm should be kept in
a bucket at a time. The powder is made into a thin paste
by adding a little water. Then more water is added to
make the bucket three fourth full. After stirring well, it
is allowed to rest for 10 minutes for the lime to settle
down. The supernatant is transferred to another bucket
which is then lowered into the well up to some depth
below the surface of water. The bucket is then jerkingly
moved up and down and around so as to effect good
mixing.

At least half an hour should be allowed before water
is drawn from the well after adding bleaching powder.
It is best to do chlorination at night. It is advisable to
ensure that the water has a minimum free residual chlo-
rine level of 0.5 mg per liter an hour after adding blea-
ching powder. If not, more bleaching powder should be
added.



When it is desired to ensure constant chlorination
of water, the single or double pot method may be used.
In these methods 1 kg bleaching powder mixed with 2
kg coarse sand is kept in a specially designed pot with
appropriate holes. This pot is kept immersed in the well.
It is sufficient to provide chlorination to the well for 2
to 3 weeks at a time.!”
The method recommended by the Ministry of Health
and Family Welfare for this purpose is as follows:1©
e Take an earthen pot
* Make seven holes in its bottom, each of 6 mm
diametre
* Place at the bottom a layer of pebbles
* Place over this a layer of gravel
* Fill in a mixture of 1.5 kg bleaching powder, 75 gm
sodium hexametaphosphate and 3 kg coarse and

e Fill up with another layer of gravel

e Suspend the pot, without closing its mouth, in the
well in such a way that it is about one meter below
the surface of water

* This arrangement is sufficient for a week for a well
with 9,000 to 13,000 liter water used by 20 to 30

persons.

Purification of Tube Well

One match box of bleaching powder is dissolved in one
liter of water. After stirring well, it is kept for some time
to settle down. Then the supernatant is divided into two
parts containing 500 ml each. One part is used to wash
the inner parts of tube well and rest 500 ml is poured
into the pipe and then it is covered with clothes and kept
for overnight. From next morning water can be used after
initial wash out.

Purification of Pond

One kg of bleaching powder is mixed with nine kg of
lime. Then it is distributed in 5 to 6 pouches. These
pouches are kept scattered over the pond by a stick in
such a way that it will touch the water level but should
not be immersed totally under the water.

HORROCK’S TEST

The apparatus consists of one black and 6 white cups
(each of 200 ml), a 2 gm spoon, a stirring rod, a special
pipette and cadmium iodide starch solution—all put in
a box. Fill the black cup with water to be tested. Add
one spoon of bleaching powder and stir with a rod. Fill
the remaining 6 white cups with water up to the mark
indicated. Add with the help of the pipette one drop from
the black cup to the first cup, 2 drops to the second
and so on up to 6 drops to the last cup. Wait for half
an hour. Add a drop or two of cadmium iodide starch
solution to each white cup and note which cup shows

bluish color first. The number of the drops added in
this cup gives the number of spoons (1 spoon = 2 gm)
of bleaching powder required for 450 liters of water
(100 gallons) to provide 1 PPM of chlorine.

Other examples of medium scale disinfection are the
use of ozone and ultraviolet rays for disinfection of
swimming pools.

Purification on Small Scale (Domestic Level)

This can be done by the following methods.

BOILING

This is a simple and effective method. Boiling for 5 to
10 minutes kills most organisms. It also removes
temporary hardness. Boiled water is insipid in taste. The
taste can be regained by shaking it vigorously for some
time, so that the gases get dissolved in it.

DISTILLATION

It is very costly but safe. In Kuwait, sea water is distilled
on a large scale because oil is available cheap for use
as fuel.

CHEMICALS

Bleaching powder: It can be kept as a strong solution,
small quantities out of which can be used for adding to
one or 5 liters of water. 200 gm bleaching powder
(available chlorine 25%) is required to be added to one
liter of water to make a 5 percent chlorine solution. One
drop of this solution contains approximately 2.5 mg
chlorine, which is sufficient to disinfect one liter water.

Chlorine tablets: These can be used for rapid chlo-
rination while on tour, in camps or in the household.
There are several types. One Halazone tablet is needed
for one liter water. One chlorine tablet formulated by the
National Environmental Engineering Research Institute,
Nagpur, is needed for 20 liter water. One tablet of
Aquapura containing 40 mg p-carboxybenzenes ulphon-
dichloroamide, is sufficient for 10 liter water.

Iodine: This can be used for emergency purposes. Two
drops of 2 percent solution of iodine in alcohol are
sufficient to disinfect 1 liter water. Even tincture iodine
can be used if necessary (1 drop in a liter water).

Potassium permanganate: It may be used by adding
an amount just sufficient to give pink color. However,
this is an expensive and unreliable method. It may be
effective against Vibrio cholerae, but not against other
organisms.

Alum: It should be used for all turbid waters, adding
0.1 to 0.4 gm per 5 liters of water. This should be a
step before chlorination if the water is turbid. Adding
alum also results in some decrease in bacterial content
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of supernatant water after the flocculum has settled
down.

FILTRATION

Domestic methods in use are:

Four ghara method: In this method, well known since
olden days, three earthen pitchers or gharas containing
muddy water, sand and charcoal respectively, are placed
above an empty pitcher which receives filtered water.
Water becomes clean and its bacterial content is reduced
to some extent, but chemical disinfection is necessary
to ensure safety from pathogenic bacteria.

Ceramic filters: These are special microfilters in which
water is made to pass through the micropores of a
“Candle” placed inside the water container. Bacteria are
unable to pass out through these micropores, but viruses
may still be present. These filters are of various types—
Pasteur-Chamberland type (candle made of diato-
maceous infusorial earth called kieselgurh) or Katadyn
type (in which the filter is coated with a silver catalyst
which kills bacteria by oligodynamic action of silver ions).
The candle in the ceramic filter gets clogged with bacteria
after constant use, hence it should be scrubbed with a
hard brush every 3 days and boiled at least once a week.
These filters are suitable for use in homes and offices.

Special Treatments in Water Purification

Sometimes additional techniques may be needed for
water purification beside those described above. These
are briefly described below:

e Active charcoal—This may be used to remove bad
color and odor. The bacterial content is also reduced
partially.

* Copper sulfate—This may be used in a dose of 0.1
to 1 PPM to check the growth of algae. It is placed
in gunny bags that float in sedimentation tanks.

* Removal of hardness—Temporary hardness is
removed by boiling, by adding lime or by adding
washing soda. The concerned chemical reactions are
as follows:

Boiling: CO, escapes and CaCO, settles down:
Mg or Ca (HCO3) = CaCO5 + CO,

Adding lime:

Ca(HCO,), + CaO = 2CaCO; + H,0

CaCOj settles down.

Adding washing soda or soda ash:

Na,CO; + Ca(HCOs), = 2NaHCO; + CaCOj,
Washing soda also removes permanent hardness as
per the following reaction:

Nay,CO5; + Mg or CaSO, = Na,SO, + CaCO3; or MgCO4
or chloride (Soluble) (Insoluble)
Sometimes lime-soda (CaO + Nay,COs3) is added

to remove both types of hardness.

On a large scale both types of hardness are
removed by the base exchange or permitted
method. Permutit or sodium permutit is a complex
compound with the formula Na,Al,Si,O H,O. The
cation sodium gets exchanged with calcium and
magnesium present in hard water. Once the activity
of sodium permutit is exhausted, it can be regene-
rated by treating it with strong brine (sodium
chloride solution).

e Desalination—Membrane technology has been
successfully used to obtain potable water from
brackish water commercially.

* Remouwal of fluorides, iron and arsenic Practical
technology for defluoridation plants, iron removal
plants and arsenic removal plants suitable for Indian
conditions is now available.!8
In the preceding section, various procedures

involved in purification of water have been described.

It would be of interest to know which procedure helps

in removal of which impurities. Such information is given

in Table 6.2.

TABLE 6.2: Effectiveness of different water treatment procedures

Aeration Chemical Sedimentation Rapid Slow Chlorination
coagulation filtration sand
and flocculation filtration
Augmenting dissolved O, content + 0 0 — — +
CO, removal — 0 0 + ++ +
Turbidity reduction 0 +++ + +++ ++++ 0
Color reduction 0 ++ + + et T+
Taste and odor removal ++ + + ++ ++ +
Bacteria removal 0 + ++ +4 ++++ g
Fe and Mn removal ++ + + ++++ ++++ 0
Organic content removal + + + +++ +4+++ +++
+to ++++ Increasing positive effect
0 No effect
— Negative effect

Note: Majority of the treatment procedures are capable of reducing virus content. Efficacy may vary depending upon design, operation, water
quality and temperature. Prechlorination treatments like slow and or biological filtration, flocculation with rapid filtration and lime flocculation
are highly effective and may reduce viruses by 90%. Storage and rapid filtration may also remove viruses up to certain extent. However, all
these alone are not adequate and disinfection is the most effective treatment for removal of viruses.




Swimming Pool Hygiene

The pool may be a covered one or an open air one.
It has a sloping floor, the depth gradually increasing from
1 to 2 or 3 meters.

Both surround: It is 1.4 m wide, sloping outwards and
drained by a gutter all around. On the inner side of tank,
on all 4 sides, there is a gutter just above the water level
for spitting. It drains out separately.

Facilities: These include drinking water, lavatories and
bathrooms with shower.

Foot bath: Before entry into tank, bathers should dip
their feet in a small tank of water containing Na,S,04
NaClO or bleaching powder.
Types of water pollutants
* Particulate matter including mucus, saliva, sputum,
dead epithelial cells from bathers, sand, mud,
dropping of birds, etc.
* Bacteria
* Soluble matter.
The water of the swimming pool can be purified by
a continuous method or by a fill and empty system. The
continuous method, though costly, is more desirable. In
this, water from the tank passes continuously through
a small purification plant (rapid sand filter type) by the
side of the tank where coagulation, filtration and
chlorination take place. In the fill and empty method,
occasional doses of disinfecting solution are applied. The
pool is emptied once in 14 days to scrub the walls and
floors. It is not an ideal method.

Water Problem in India

There is widespread scarcity of water in India for
agriculture as well as domestic use. The problem is much
more acute in rural areas. The first major national effort
in this direction was made in the form of National Water
Supply and Sanitation Program launched in 1954. In
1972-73 an Accelerated Rural Water Supply Program
(ARWSP) was launched with 10% assistance from the
Center to provide drinking water to problem villages. The
Minimum Need program launched during the fifth plan
also focussed at provision of drinking water. The water
supply Program got a boost in 1986 with the setting up
of a National Drinking Water Mission with the target of
covering all problem villages by the end of 1992-93. The
Mission has several submissions under it, aimed at specific
areas such as guinea worm eradication, control of fluorosis,
excess iron removal, control of brackishness, conservation
of water, scientific location of water resources and
recharge of groundwater qualifiers. There are also 55
mini-missions under the National Mission. A mini-mission
is essentially a district based concept for sustainable water
supply on long-term basis with close involvement of the
community and the NGOs.

India organized in 1990, in collaboration with UNDP,

a “Global Conference on Safe Water for 2000 ap.” The

New Delhi declaration adopted at this conference was

adopted by the UN General Assembly in Nov 1990. The

four guiding principles of this declaration, adopted as
strategy for the 1990’s, are as follows:

1. Protection of environment and safeguarding of health
through integrated management of water resources
besides liquid and solid wastes.

2. Institutional reforms, including changes in procedures,
attitudes and behavior, to promote an integrated
approach and the full participation of women at all
levels.

3. Community management of services backed by
measures to strengthen local institutions in imple-
menting and sustaining water and sanitation
Programs.

4. Sound financial practices to be achieved through
better management of existing assets and widespread
use of appropriate technologies.

The operative norms for rural water supply are as

follows:

e Water source to be available within 1.6 km in plain
and within 100 meters in hill areas.

*  One hand-pump or standpost for every 250 persons.

* Desert districts to supply 40 liters per capita drinking
water per day for humans in addition to 30 liters for
cattle.

e Water to be free from biological and chemical
contamination.

e Preference to be given to scheduled caste and
scheduled tribe localities.
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Physical Environment: Housing

Residential environment of man, as defined by the
WHO,! includes the physical structure that man uses
and the environs of that structure, such as the necessary
services, facilities, equipments and devices, etc. Soil is
an essential part of housing not only because it provides
the base for the residential building but also because
open earth is very much a part of housing—either as
lawns within the pacca houses in cities or as the open
ground or courtyard in the kaccha houses in villages.
In addition, soil also forms part of occupational
environment in case of farmers, laborers and potters,
etc. Hence, it is appropriate to consider first of all the
implications of soil as part of man’s physical
environment.

Types of Soil

The superficial layer of soil is called supersoil and is made
of decaying animal and vegetable matter (humus)
mixed with sand, dust and stone particles. The soil
below the surface is called subsoil which may be:

* Rocky or stony, made up of chalk, limestone, sand-
stone, gravel, slate, etc.

* Clayey or black soil made of clay which does not
soak moisture and is damp and cold.

e Sandy, which is dry and healthy but not stable.

* Loamy, made up of clay and sand.

* Filled or made soil: Soil made up by filling low lying
places with refuse and debris. It is not suitable for
making a house for 10 to 15 years as it sinks and
sometimes stinks.

Soil and Health

Soil as an environment may affect health and transmit
disease if it is polluted with causative agents which may
be physical, chemical or biological.

Physical Agents

Rocky and sandy soil make the climate hot while clayey
soils make it damp and cold. Made soil may emit
offensive odors. Soil may have radioactive deposits, as
in Kerala, or may be polluted with radioactive fall-outs.
High level of groundwater makes the soil damp.

Chemical Agents

Pesticides, insecticides, herbicides and fungicides used
in agriculture may pollute the soil. They may reach man
through water and vegetables. Common ones are DDT,
aldrin and dieldrin. DDT has been detected in breastmilk
of women in many parts of the world, its origin being
traced to DDT sprayed in the fields from where it
reaches man through foodstuffs.

Biological Agents

All sort of life subsists on or in the soil and it may be
regarded as a living community of fungi, bacteria, proto-
zoa and metazoa. Some are harmful and pathogenic
while others are harmless and even useful. Soil bacteria
dispose of all the organic waste matter dumped on the
soil, if the required warmth, oxygen and moisture are
available. They break up complex nitrogenous matter,
such as proteins, into ammonia, H,S and simple
nitrogenous compounds and finally convert them by
oxidation into end products such as nitrites, nitrates,
carbonates, chlorides and sulphates. The nitrogenous
products are utilized by plants to form plant proteins.

Plants proteins, when eaten by animals, are converted

to animal proteins. Plant and animal proteins are

decomposed again by soil bacteria, thus completing the
nitrogen cycle. Bacterial decomposition of organic matter
is minimum in rocky soil and maximum in loamy soil.

It may occur slowly in clayey and moist soils, which

contain too much moisture. This may account for the

stinking smell from such soils. Most of the bacteria in earth
are in surface soil, their number and activity decreasing
with depth. There are very few bacteria between 1.2 and

1.8 meters; beyond 3 meters there is no bacterial

activity.

Harmful and pathogenic bacteria that transmit
diseases survive in soil with difficulty. Most of them die
in their struggle with the more hardy saprophytes.
Others survive if the soil is favorable and contains air,
moisture and organic matter. The following pathogenic
organisms may be found in soil:

* Spores of Cl. tetani and Cl. welchii, for which soil
is a natural habitat. Any wound polluted with such
soil is liable to develop the grave consequences of
these infections.



°
©
=
©
g
)
o
2
IS
9]
S
a
(YN}
l—
o
<
a

* Spores of B. anthracis: However, direct infection
through soil is rare.

e Tubercle bacilli, C. diphtheriae and streptococci can
survive in dust, especially in shade. When inhaled,
they can cause disease.

e Organisms causing gastrointestinal infections.
Examples are:

— V cholerae, S. typhi and Shigella: The typhoid
and dysentery bacilli can survive for 30 to 70 days
in moist soil and for 20 days in dry soil.

— Cysts of E. histolytica which can survive for six
to eight days in moist soil.

— Ova of helminths: Roundworm ova are very
hardy and can survive long in soil, upto years.
Hookworm larvae can survive for two months
in damp soil.

— Viruses of infective hepatitis and polio can survive
in moist soil.

— Leptospirae passed by rats in urine. They may
infect the soil, particularly in mines.

They can enter the human skin directly.

Finally, it may be mentioned that polluted soil results

in four major health problems. These are roundworm

infection, hookworm infection, tetanus and gastrointestinal
infections caused by drinking water from shallow wells
polluted by seepage of subsoil water from polluted soils.

Housing

Housing, as an environment, means the building or
structure in which we live, work, rest and play. They
may be private building, residential houses or public
building (club, school, theatre, workshop, factory, etc.).
They should be so constructed and laid out as to
promote physical, mental and social well-being.%*

For physical well-being the house must provide
enough space inside and outside to promote health by
good light and ventilation and to prevent respiratory
and contact infections. It must be constructed on firm
and dry soil with subsoil water at a depth more than
3 meters.

For mental well-being the house should afford
enough privacy and safety against thefts. It should be
situated at a place away from excessive noise and
offensive odors.

For social well-being, the size and construction of the
house and the amenities provided should be
compatible with human dignity and social respectability;
and the neighborhood should be congenital.

Rural Housing

Village and small towns often come up and grow
without an organized plan. Light and air are freely
available in rural India and there is no dearth of space.
Yet, people live in dark, ill ventilated, damp and

overcrowded houses built back to back. Very often there
is only one room used for cooking, sleeping, storing of
grain and even tethering of cattle. Most houses are
without bathroom or latrine. Houses are made of mud,
kaccha bricks or split bamboo and are plastered with
dung or mud. Roofs are thatched or have tiles. There
is no provision for smoke outlet. Waste water stagnates
inside and outside most houses. flies breed on cowdung
and mosquitoes breed in puddles of waste water.
Overcrowding and poor housing hygiene are
responsible for lot of ill health in villages. Poor housing
in villages is due to multiple causes. These include igno-
rance, poverty, traditions, fear of theft and dacoity,
apathy and indifference.

A model village house sould have the following
characteristics:

LAYOUT

The huts or houses should be built in parallel lines, with
a free passage of at least 9 meters between two huts.
The roads should be parallel and crossing at right angle.

SITE

The house should be constructed on loamy soil with
subsoil water below 3 meters or more. The house
should face the sun and have access to open air. Green
vegetation around the house in the form of vegetable,
flowers and trees makes the environment pleasant and
healthier.

BUILDING PLAN

It should have at least two rooms with a separate kitchen
and verandah. The built up area should not exceed one
third of total area. There should be two windows, opposite
each other, at least 1 m x 0.5 m in size, their area being
at least one-tenth of the floor area. Plinth should be 0.3
m in height. Each room should be 3m x 35 m x 3 m
in size with impervious floor and white washed walls.
There should be two ventilators, 0.3 sq m each, near
the ceiling. The kitchen should have a smokeless chullah
and a chimney for smoke outlet.

CATTLE SHED

It should be at least 8 to 10 meters away from the living
house and should be open on all sides. A provision of
3 square meter per head of cattle is adequate.

Urban Housing

Old towns and cities have developed without proper
planning. Haphazard growth ignores the need for wide
and straight streets, roads and open places. Back-to-
back houses are constructed without proper ventilation.
Public places such as playgrounds, parks, gardens,



schools, libraries, markets, swimming pools and

entertainment theaters, etc. are absent or scarce in such

areas. The problem is made worse by ever growing
population of the towns due to high birth rate and
immigration from rural areas.

The problems of urban housing are increasing with
rapid increase in urban population. One-fourth of world
population was living in cities and towns in 1959. By
2025, this proportion is expected to reach 60 percent.
Health of residents is affected by multiple aspects of
housing, such as per capita floor area, illumination,
vectors and reservoirs of disease, etc.’

The Environmental Hygiene Committee appointed
by the Government of India in 1949 has recommended
the following standards for housing in general.®
e The site should be on a street of adequate width in

pleasing surroundings free from hazards of flooding,

landslides, fly breeding, mosquito breeding and from
the nuisance of dust, smoke, foul smell and exces-
sive noise. The soil should be dry.

* The set back should be such as to permit enough
light and ventilation. Built up area should not be
more than one third in thinly populated and more
than two-thirds in thickly populated areas.

* The floor should be pucca, rat-proof and smooth.
The height of plinth should be as per approved
standards and proper damp proofing should be done.

* The walls should have minimum thickness of 30 cm
and should be plastered on both sides. They should
be damp proof.

* Roof height should be not less than 3 m unless the
room is airconditioned.

* The number of rooms should be at least two or more
as per the size of family.

* The floor area per capita should not be less than
4.5 sgm (50 sq ft), the optimum being 9 sqm.
Minimum floor area of a room should be 9 sgm if
occupied by one person and 11 sqm if occupied by
more than one person. Cubic space should be at
least 14 cum (500 cu ft) per capita; preferably it
should be double this figure.

e At least two windows should open directly into the
compound, street or open space. They should be
placed not higher than 1 m from the floor. Windows
and doors should ensure privacy. The window
shutters should be able to cut off heat, glare and
wind when required.

* Lighting should be adequate during both day and
night.

e The kitchen should have enough light and
ventilation. It should be protected against dust and
smoke and should have adequate arrangements for
storage of provisions, food and fuel. It should have
good water supply and drainage including a sink for
washing utensils.

e Water supply of the house should be adequate along
with suitable bathing and washing facilities.

* Sanitary latrine of approved type should be provided.

* An open courtyard or terrace should be provided
for comfortable sleep during night in areas where
summer temperature rises above 40°C.

* Ample space and other arrangement should be
provided for domestic occupations such as dairying,
poultry, smithy (blacksmith, goldsmith, etc.),
carpentry or other cottage industries.

* Construction materials should conform to the
approved standards of plumbing, structural strength,
fire protection and electric installations.

Harmful Effects of Improper Housing

Overcrowded, ill ventilated and unhygienic housing is
associated with increased respiratory infections. In addi-
tion, scabies and louse infestation are more common in
such situations. Poor living conditions also have indirect
effects on mental and social health, resulting in more
school drop outs, delinquency, drug abuse, crimes and
other antisocial acts. The problem is further aggravated
by absence of privacy and recreational facilities and by
lack of safe water supply and sanitary facilities.

It may be mentioned that general morbidity and
mortality are related to overcrowding, which is best
expessed as the average number of persons per room
in a household. The accepted standards for residential
accommodation are as follows:

* Number of rooms should be adequate to provide
for not more than two persons per room. For this
purpose, infants below 12 months are not counted
while children 1 to 10 years old are counted as half
unit.

* Persons above nine years of age belonging to
opposite sexes should not have to share a bedroom,
unless they are couples living together.

Recent Trends in Housing

Industrialization, overpopulation and urbanization have
led to construction of compact, concrete buildings in most
cities, without much regard to natural ventilation and
cooling. Moreover, the energy costs of cooling have
become prohibitive. The following newer trends are being
tried to improve the living environment of buildings.

Cleaning of Air

Lack of ventilation may be found in poor slum dwellings
as well as in modern multistoreyed offices and apart-
ments. Air in tightly sealed offices and houses may be
100 times more polluted than outdoor air.” A
considerable amount of domestic pollutants can be
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contributed by smoke (from fuel or cigarettes) and
synthetic chemicals. The latter are commonly used in
furniture, carpet backing, building materials and office
supplies. Research has shown that indoor plants can
offer protection against such toxic substances. For
example: spider plants and golden pathos are especially
effective against formaldehyde emanating from
plywood, particle board, carpeting, foam insulation and
some cleaning agents. Similarly Gerebera daisies and
Chrysanthemums eradicate benzene, a carcinogen in
paints and varnishes, tobacco smoke, some plastics, inks
and detergents. Marginata and Peace lilies target
tricholoroethylene, which is found in paints, varnishes
and drycleaning solvents. Placing at least one plant for
every 100 square feet of indoor space is recommended
by researchers.’

Lowering of Temperature

Air conditioning is not possible for most dwellings because

of high financial and energy costs. Much can be achieved

in this direction by proper construction of houses. The

following points are important in this connection.8

* Location of rooms should be such that they are
situated along the northern and eastern walls of a
building. These are the cooler walls. Cupboard and
buffers (toilets, storeroom) can be located along the
southern and western walls.

* The building need not be open on all four sides. This
ensures that all four walls are not exposed to sunshine.

* Walls should be hollow with one and a half inch
space between two brick layers. This provides
excellent air insulation.

e Sixty percent heat in a building enters from the roof
which is exposed to sun throughout the day. Roof
heat can be prevented by:

— Using mechanized bricks for roofing. These bricks
have holes, thus providing insulation.

— Using the ancient Rajasthan practice of embed-
ding a layer of inverted earthen pots in the roof
while constructing it. This provides excellent air
insulation.

— Using a roof-top water cooling system based on
water sprinkling and evaporation, using mech-
anized devices controlled by electronic sensors.

The above techniques increase construction costs by

only about five to ten percent but result in lowering of
temperature of the building by about 10-15°C. As a
result it is possible to achieve 30 to 40 percent reduction
in the energy cost for cooling of building.8

Rajiv Gandhi Gramin LPG Vitarak Yojana®

* A scheme to reach LPG to every rural household.

* Low cost convenient cooking fuel for rural women.

* New employment opportunities for rural youth.

*  WIill stop unnecessary cutting of trees and encourage
afforestation.
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Physical Environment:
Wastes and their Disposal

Wastes constitute an important part of the environment
to which man is continuously exposed. Wastes are of
three types.

REFUSE OR SOLID WASTE

This includes all unwanted or discarded waste material
arising from houses and streets and from commerical,
industrial and agricultural activities of man.! In other
words, the term ‘refuse’ is applied to all solid waste
from human habitations that is not carried by the
sewers, i.e. all waste other than sullage and nightsoil.
It includes public refuse (originating from homes,
hotels, institutions, streets, stables and markets) and
industrial refuse. The refuse originating from homes
or domestic refuse consists of garbage, rubbish and
ash. Garbage is the waste from food during its handling
at various stages including preparation, cooking and
serving. Rubbish comprises dirt, dust and bits of paper,
wood clothing, glass, rubber, plastic, metal, etc. Ash
is the residue after burning of fuel. The term liter is
sometimes used in place of refuse for solid waste in
rural areas.

EXCRETA OR NIGHTSOIL

It implies feces as such. The sullage water containing
nightsoil is called sewage.

SULLAGE

It is also called waste water or slop water and comprises
all liquid wastes including industrial waste but excludes
nightsoil.

Wastes and Health

Different types of wastes impinge upon physical,
mental and social health in various ways, as described
below:

* There are many harmful agents in the wastes. The
most important are biological agents which pollute
water and food and cause alimentary infections like
cholera, typhoid, dysentery, infective hepatitis, polio,
ascariasis and hookworm disease, etc.

e Wastes breed vermin and pests. Examples are:

— Mosquitoes that transmit insect-borne diseases
like malaria and filaria
— Common house flies which transmit infections
mechanically
— Many other insects and worms that cause
nuisance, e.g. cockroaches, crickets and ants
— Rats, thriving on refuse.
e Sullage water, refuse and nightsoil, all create intole-
rable nuisance of sight and smell.
* Dust may harbor tubercle bacilli and other germs
which cause diseases if inhaled.
* Soil polluted with nightsoil may be rich in tetanus
spores.

Recycling of Wastes

Wastes, despite their name, are not so. The so called
wastes contain plenty of useful substances which can be
refused with advantage. Let us have a look at different
types of wastes.

Refuse or Solid Waste

Solid waste essentially consists of two components, non-
organic and organic. Nonorganic component comprises
paper, plastic, rubber, metal, glass, etc. These can be
sorted out, collected and recycled in a commercially
viable manner. Organic waste may be of plant or animal
origin. It can be composted in landfills. If done properly
using modern technology, this can yield useful
byproducts like manure and combustible gas, mainly
methane.

Continuous dumping of unsorted solid waste leads
to formation of diverse chemicals which react with each
other, releasing a substance called lechyate, which is
highly toxic, supposedly much more so than arsenic.
Over decades of dumping, lechyate seeps through
subsoil and contaminates groundwater.

Human excreta contain plenty of nutrients which can
be recycled for human use rather than lost down the
drain. According to a 1992 estimate, annual production
of human excreta in Asia was 30 million tons dry weight,
containing 9.7 million tons nitrogen, 1.4 million tons
phosphorus and 1.9 million tons potassium.!@ It is
ecologically expedient to recycle these nutrients than to
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rely on nonrenewable resources to produce chemical
fertilizers.!® It has been suggested that the gap between
food production and requirements in India can be
considerably reduced by properly treating and recycling
nutrients in human excreta.l¢ An example in this direction
has been set by China where 90 percent nightsoil is used
in agriculture.’d Aquaculture is another area where
human excreta can be used. In India, this is practised in
West Bengal, where there are more than 130 sewage fed
fisheries covering about 12000 hectares.1?

Sullage

Water contained in sullage (as well as sewage) is a
precious commodity which must be retrieved, saved and
reused. It is being increasingly realized now that fresh
water supply in the world is limited and all water must
be suitably recycled after use.

There are four stages in dealing with wastes:
Reception

Collection

Transportation to disposal point

Disposal.

N

The problem of disposal of wastes differs in rural and
urban communities. In villages the problem is largely
tackled on an individual basis. There are no laws or
bylaws. Methods followed are based on tradition, simpli-
city and economy. In urban areas the sanitation
measures adopted are community based, such as
underground sewage. Sanitary methods are enforced
by laws, bylaws and rules made by the municipality.

The disposal of wastes will be described in this
chapter under four headings—Refuse disposal, Excreta
disposal, Sewerage disposal and Sullage disposal.

Refuse Disposal

Proper disposal of refuse is essential for maintainance
of environmental sanitation. The methods of refuse
disposal depend upon the quantity of daily refuse
production in a community. An earlier survey? had
estimated per capita daily solid waste output to be
0.5 kg in Kolkata and 0.3 kg in Pune and Nagpur. The
daily municipal collection in Delhi is 8000 metric tonnes,
indicating an average daily output of 1 kg per capita.’

OPEN DUMPING

Dumping solid waste on vacant land is not a desirable
practice. It is unhygienic. It breeds flies and other insects,
attracts rats, dogs, etc. and even entails the danger of
dry refuse catching fire.

SANITARY FILLING OR CONTROLLED TIPPING

This is a satisfactory method in which the refuse is
placed in a designated area and covered with a layer

of earth. When level ground is used, sanitary filling is done
in trenches 2-3 m deep and 3-10 m wide. When naturally
occurring depressions, excavations and pits are to be filled
up this can be done by tipping the refuse into them in
the form of alternate layers of refuse and earth. A 30 cm
layer of earth is adequate between two layers of refuse.
Sanitary filling of low lying places is a useful method of
reclaiming such land for buildings, playgrounds, gardens
and agricultural farms. The process of sanitary filling is
much facilitated by the use of bulldozers. There are
about 50 sanitary landfills in Delhi at present.

Physical, chemical and bacteriological changes
occurring within the buried mass of refuse render it
innocuous within 4-6 months after the decomposition
of organic matter is complete. During the
decomposition process the temperature rises to 60°C
within a week, killing various pathogens. It takes another
2-3 weeks for the temperature to cool down. Organic
gases are liberated during the process of decomposition.
These can be gainfully utilized if appropriate technology
is used. Municipalities incur heavy expenditure on
collection and disposal of solid wastes. It has been
estimated that such expenditure may account for as
much as one fifth of the total municipal budget in some
industrialized countries.*

BURNING

Burning of refuse, though common, is not a desirable

practice. It leads to production of harmful gases and

chemicals, some of which may even be carcinogenic.

Hospital waste, because of being infected, needs to be

burnt in an incinerator. The process involves:

* Drying

* Heating to ignition

* Airing to supply oxygen

* Supply of auxiliary fuel if the refuse is moist.
There is little air pollution if temperature is high,

around 830°C.

COMPOSTING

The dictionary meaning of compost is “A mixture of
various decaying organic substances, as dead leaves,
manure, etc. for fertilizing land”. Compsoting at small
scale is a common method of disposal of refuse, either
alone or in combination with or without human or
animal excreta. The resulting product, called compost,
is a good organic manure for agricultural purposes.

Composting with Animal Dung

It has been a common practice in the villages to mix
animal dung with other organic matter such as straw and
leaves, etc. and to leave it in manure pits for fermentation
for 4-6 months, at the end of which manure is ready
for application to fields. Nowadays animal dung is mixed



with refuse in alternate layers in compost pits. When the
pit becomes full it is covered with earth and left for
ripening. If the refuse is too dry, water or sullage water
is added to expedite fermentation. Pits are lined with
stones or bricks with open joints. Properly done, compo-
sting is quite hygienic and paying.

Composting with Nightsoil

In Indian context, composting of town wastes invariably
means admixture of refuse and nightsoil.* Because of
the health hazards involved in handling human excreta,
this method has not found much favor. It is suitable for
communities with population between 5000-100,000.
It has to be carried out with proper precautions so that
there is no fly breeding in the compost heap. In practice,
fly production is difficult to control.

There are two methods of composting—aerobic and
anaerobic. The aerobic method in India was
standardized by Sir Albert Howard in early 30’s at
Indore. Hence it is also known as Indore method.

The method recommended in India is the Bangalore
method based upon anaerobic composting. This
method was developed at the Indian Institute of
Science, Bengaluru, in collaboration with the Indian
Council of Agricultural Research.® Layers of refuse and
nightsoil are alternated (15-25 cm of refuse and 5 cm
nightsoil) till they rise 30 cm above the ground level.
The top layer of refuse is covered with excavated earth
in such a manner that it is solid enough to allow a
person to walk over it. The temperature in the pit rises
above 60°C, destroying all pathogens. It takes 4-6
months for completion of composting.

In Indore (Aerobic) method, the compost mass is
completely turned on 4-7th day, so that the material
on outside is turned in. This is repeated 5-10 days after
the first turning. After 2-3 weeks more, the compost
mass gets converted into humus.

Some countries like Israel, Switzerland, Germany
and Holland use mechanical composting, which uses the
aerobic technique.

Here all reusable material is first salvaged from the
refuse. The remnant is then pulverized (particle size less
than 5 cm) and mixed with sewage or nightsoil. The
mixture is indubated, controlling factors like
temperature, aeration, pH, moisture and carbon-
nitrogen ratio. Compositing takes place within 4-6
weeks. It has been recommended that mechanical
compositing should be introduced in cities in India
where the population is more than 5 lakhs.®

Excreta Disposal

Fecally transmitted diseases constitute an important
segment of preventable morbidity and mortality. ICMR
estimated almost three decades ago that these
accounted for 50 million deaths every year.” The current

picture is no better. Food may be contaminated with
feces through fingers, flies, water or soil. The aim of safe
excreta disposal is to provide a sanitation barrier
between feces and man.

Two types of methods are in vogue for disposal of
nightsoil—the nonsewage and the sewage method. The
nonsewage methods include the conservancy method
and sanitary latrines. The former involves manual
handling of human excreta, which is collected and
carried for disposal at some other site. The latter does
not involve human handling of excreta, which is
disposed of on the spot. The sewage method involves
water carriage of excreta through a system of drains and
sewers for disposal at a sewage treatment plant. The
sewage system, though very hygienic, is very costly.
Studies undertaken by the World Bank during the
International Water Supply and Sanitation Decade
(1981-1990) led it to conclude that, “In industrialized
countries, users and responsible officials have come to
view the flush toilet as the absolutely essential part of
an adequate solution to the problem of excreta disposal.
This technology, however, was designed for maximal
user convenience rather than for health benefits. The
problem facing developing countries is a familiar one;
high expectations coupled with limited resources. There
is no foreseeable way that waterborne waste disposal,
with an average investment cost of around $300 per
person, can be made affordable in countries in which
annual per capita income averages less than that
amount. In addition, implicit in the decision to provide
sewerage is a decision to provide a water connection
to each house. About 40 percent of the water from this
connection will be used for no essential purpose but to
flush away wastes. Clearly, lower cost solutions have to
be found for the majority of people. Planners, feel, they
have to press for sewerage because, without it, public
health will not be secure. Yet, sewer systems in
developing countries are not well maintained. Sewage
treatment works commonly discharge effluents in a
condition little better (and in some cases worse) than
the incoming sewage. There is, therefore, little realistic
basis for the commonly held view that Western
sanitation techniques are the appropriate solution for
developing countries. Rather, reeducation of engineers
to design for maximal health benefits, and to consider
the whole range of available technologies, is essential.®

Conservancy Method

Basket type latrines (pail privy), though unhygienic and
unsocial, are still used in the country. This method
involves manual collection and removal of human
excreta to the disposal point. The nightsoil from latrines
is collected daily by sweepers in buckets and is carried
to a nightsoil depot or is emptied into nightsoil carts
which carry the excreta to nightsoil depots outside the
village or town. The nightsoil is disposed as follows:
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* Trenching: Nightsoil is filled in trenches and covered with
earth. It gets converted into manure in 3-4 months.

* Composting: This is done by mixing nightsoil with
town refuse as already described.

* Incineration: Burning of nightsoil with refuse can be
done in camps and small communities.

* Emptying into sewers: This can be done if there is
sewerage system nearby.

Sanitary Latrines

There are many types of latrines in use. The variation

are based on economy, simplicity, nature of soil and

prevailing customs and habits of people. The qualities

of a suitable latrine are:

* It should be acceptable to people

e It should be simple in construction and use

* It should be cheap and materials for construction
should be locally available

* It should not involve manual handling of excreta

* [t should involve the use of very small amount of water

* It should be hygiene and sanitary and should not
lead to environmental pollution.

A global field survey-cum-research project
undertaken by the World Bank in 39 communities
around the world identified the following five types of
sanitary latrines:

Pit latrines

Aqua privy

Septic tank

Handflush water seal latrine (PF or Pour Flush Toilet)
Composting toilet.

The composting toilet (which involves adding grass
or other organic matter to nightsoil in the toilet itself
for composting) is not used in India. The pit latrines
consist of a pit dug into the ground into which the feces
drop down and are anaerobically digested. No further
treatment is necessary. The handflush seal latrine is
basically a pit latrine with the provision of a water seal.
The septic tank is a water tight masonary tank in which
anaerobic digestion occurs within the tank and aerobic
oxidation of the effluent is achieved though subsoil
irrigation. Septic tanks are designed to deal with a large
amount of water, which may be sullage water as well as
water flushed from cisterns in the usual modern water
seal latrines. The aqua privy is a small septic tank for family
use where there is no water seal near the squatting plate.
The inlet pipe through which the faecal matter drops
down opens below water level near the bottom of the
tank, thus providing the function of water seal.

A brief description of each method is given below.

oo

Pit Latrines
SHALLOW PIT LATRINE

It is about one meter in depth and 0.5 to 1 meter wide
with a wooden squatting plate. Nightsoil has to be covered

with loose earth. The pit contents are converted into
manure in 2-3 months, which may be used in the fields.?
A super-structure is provided for privacy and shelter.

Shallow trench latrines (1-1.5 m deep) and deep
trench latrines (1.5-2.5 m deep) are similarly used at
camping sites.

BORE HOLE LATRINE

It is a narrow pit or hole (30-40 cm diameter) made
by an earth auger to a depth of about 6 m. One bore
hole can serve a family of 5 for about one year. The
pit is closed by filling loose earth when its contents reach
within 50 cm of ground level. The fecal matter is
converted to harmless manure through the process of
anaerobic digestion. It is not in much use today, having
been superseded by better methods.

DUG WELL LATRINE

It is an improvement on the bore hole latrine in the sense
that no special augur is needed and the larger size permits
longer use. A usual pit of 0.75 m diameter and 3-3.5 m
depth is sufficient for 4-5 years for a family of five.

In order to avoid the risk of water pollution, the bore
hole and dug well latrines should be situated at least
10 meters away from a source of drinking water.

VIP LATRINE (FIG. 8.1)

The pit latrines described above are of the traditional
(unventilated) type, with two major disadvantages,
namely, bad smell and breeding of flies and other
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Fig. 8.1: VIP latrine: Basic components (Sectional view)
Source: Worldbank



disease carrying insects. The VIP latrine (Ventilated

Improved Pit Latrine) has been designed to remove

these disadvantages.!? It differs from a tranditional pit

latrine in that it has a tall vertical vent pipe fitted with

a flyscreen at the top. This screened vent pipe performs

three functions as follows.

1. Odor elimination: In a traditional pit latrine, odors
enter from the pit into the superstructure. In VIP
latrine, odours escape via the vent pipe. This occurs
via an air circulatory current whereby air from the
superstructure enters the pit, goes upto the vent pipe
and escapes into the atmosphere.

2. Prevention of fly entry: Flies enter a traditional pit
latrine and breed there because they are attracted
by fecal odors around the superstructure.
Since the superstructure is free of fecal odor in a VIP
latrine, flies are no longer attracted towards it.

3. Prevention of fly escape: Even if some flies manage
to enter the pit and breed there, they cannot escape
because the vent pipe is fitted with a screen. It may
be pointed out here that the newborn flies emerging
from the eggs instinctively fly in the direction of the
brightest light, which comes through the vent pipe.
This fact explains why the superstructure should be
kept reasonably covered and shaded. The effective-
ness of the vent pipe in fly control is clear from the
fact that in a study comparing two identical pit latrines
except for the presence of a vent pipe, 146 flies
escaped from the VIP latrine in 78 days compared
to 13,953 flies from the unvented latrine.l!

The VIP latrine was used on a large scale in Ghana,
where a detailed study found that!!a:

* It was highly cost effective in comparison to a WC
attached to a sewer system.

e [t was acceptable to people.

e There was no marked preference for sewered WC
over VIP

e Two features of VIP that appealed to the people
were that (a) it does not need water and, (b) it is
simple and does not break easily.

HANDFLUSH WATER SEAL LATRINE
(POUR FLUSH LATRINE OR PF LATRINE)

This is the latrine of choice recommended for villages
and for towns where there is no underground drainage.
It is simple, cheap and sanitary and needs at the
maximum 1-2 liters of water per user to wash down
the excreta from the pan to the pit through the trap.
Since the PF latrine does not pose the problem of
disposal of effluent, and since it needs only a small
quantity of water for its functioning, it is suitable for use
in villages and small towns without other facilities.

Construction

A usual design (Fig. 8.2) is that developed by the
Research cum Action Projects in Environmental

Water seal

and
squatting plate
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Bored hole
or leaching pit

Fig. 8.2: Handflush water seal latrine (RCA type)

Sanitation carried out in the three centers at Poonamalle
(Chennai), Singur (Kolkata) and Najafgarh (Delhi).

A lead off pipe about 7.5 cm in diameter and about
1 meter in length with a bend at the lower end extends
from the outer end of the trap to the pit. The pit or
dug well is 2-3.5 m deep and is round or square with
a width of 75 cm. It is better to locate two pits for use
a alternately behind the squatting plate with a
permanent superstructure.

A modification of the above is the PRAI latrine
developed at the Planning. Research and Action
Institute, Lucknow. In this the pit is directly under the
pan and seat. The lower end of the trap is turned in
just below the pan to open directly into the pit. There
is no lead-off pipe (Fig. 8.3). It has the disadvantage
that it is difficult to empty or clean unless the
superstructure is temporary and movable. However, it
is cheaper than the RCA type. Health education for
proper use and maintainance of PF latrine is essential.

SEPTIC TANK

The septic tank (Fig. 8.4) is so called because of the
septic or anaerobic bacterial activity that occurs in it.
Fresh sewage contains oxygen which is used up by
saprophytic bacteria. The liquid then becomes
anaerobic. Further action by microorganisms results in
breakdown and digestion of organic matter. Most of the
pathogenic bacteria die during this process but amoebic
cysts and ova of roundworms can survive in a septic
tank, hence the effluent is not free from danger.
Proteins, fats and carbohydrates are digested to simpler
products like carbon dioxide, ammonia and hydrogen
sulfide. Further conversion to stable degradation
products like nitrates, sulfates and chlorides has yet to
take place. This is achieved by oxidation by aerobic
bacteria during the process of subsoil irrigation of the
septic tank effluent. The purification of sewage thus
occurs in two stages—the anaerobic digestion within the
tank and aerobic oxidation outside it.

The chief advantages of septic action are reduction
of bulk and smell of the organic matter and destruction
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of pathogenic bacteria. Some light solids float in the
septic tank and form a layer called scum. The sediment
settling down at the bottom is called sludge. It has to
be removed at intervals of months or years. The tanks
are so designed that cleaning is not required for 3 to 5
years. Annual inspection is, however, necessary.
Cleaning is needed when scum is about 7.5 cm thick
or when the combined thickness of scum and sludge
reaches 50 cm. These should be disposed of in a way
that is not hazardous to health. The sludge is removed
manually or mechanically.

Construction

It is usually rectangular in shape and is made of imper-
vious walls. The roof comes up above the surface of
the ground by about 30 cm. The roof is perforated by

s

Superstructure

Fig. 8.3: Handflush water seal latrine (PRAI type)
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Fig. 8.4: Septic tank

one or more vent pipes for escape of gases and has
inspection holes with tight fitting covers. The sullage or
soil pipe enters the tank from the side. It is better to
have a gulley trap for sullage and a P or S trap for
sewage before the liquid enters the tanks to prevent
escape of gases into rooms or water closets. The sewage
is held in the septic tank for 24 hours for sedimentation
and digestion. The effluent is let off through an outlet
into the soil for subsoil irrigation. This is done by passing
the effluent through perforated or open jointed pipes
laid down in trenches 0.75-1 meter deep, the trenches
being later covered with soil. If ample land is available,
the effluent may also be let off as such for surface
irrigation. It is preferable to do so after passing the
effluent through a biofilter consisting of another tank
containing rubble, stones or clinkers for bioaeration so
as to make the effluent stable and free from infection
and smell.

The size of the septic tank depends upon the
number of users. A cubic volume of 75-150 liter per
person is adequate for household septic tanks. The
length should be twice the breadth. Large septic tanks
for a group of houses or for an institution should have
length about five times the breadth to permit adequate
retention time.

It is worth remembering that the use of soap and
phenol may hamper the action of a septic tank by their
effect on the anaerobic bacteria responsible for digesting
the organic matter.

AQUA PRIVY

Sometimes called septic toilet, it consists of a squatting
plate with a long drop pipe, extending into a water tight
tank to a point well below the water level (Fig. 8.5).
The tankis usually below the seat. Feces and urine decom-
pose anaerobically and there is three fourth reduction in
the solid mass which settles as sludge at the bottom. Liquid
effluent undergoes further treatment in a seepage pit or
subsoil irrigation system. Solid of the pit residue has to be

= =

Fig. 8.5: Aqua privy



removed periodically. A vent pipe, 7.5 cm in diameter,
extends above the neighboring structures. Aqua privy, if
well constructed, can be located near dwellings and can
still be esthetic without any danger to health. A tank of
1 cubic meter capacity can serve a family for 5 years.

SULABH SHAUCHALAYA

As the name “Sulabh” suggests, it is a simple system consis-
ting of two pits with a sealed cover into which human waste
is discharged from a toilet. The toilet uses very little water
to flush the waste away. While open pit is in use, the other
is a stand by. When one gets filled up, the waste flow is
directed to the second. After 18 months, the human
excreta in the first pit gets incorporated into the ground
and may then be used as manure.

A Sulabh Shauchalaya is a water—flushed toilet
connected to these twin pits. It is a handflush water seal
latrine and is essentially an improved version of the RCA
latrine having a pit size of about one cubic meter. It can
be adapted to different hydrogeological and physical
conditions.

The success of the Sulabh Shauchalaya movement
lies in the fact that:

* The organization not only builds the latrines but also
provides maintenance service for smooth
functioning.

* The system is self-supporting in the sense that the
maintenance costs are met through a pay and use
system per person for single time use.

* In places where the number of latrines is large,
biogas plants have been established to generate
combustible gas and electricity from the excreta.

* It is a nongovernment effort using the approach of
people’s participation and their perceived needs.
Thousands of Sulabh toilet complexes in slums and

towns allover India are being used by 10 million people

at present. This system has been recommended for
adoption allover the Third World by WHO, UNICEEF,

UNDP and the World Bank.

Sewerage System

Sewerage system involves carriage of sewage, (all liquid
wastes and human excreta) through a system of drains
and sewers from the point of origin (houses, institutions
and factories) to the point of disposal with the help of
water. The essential requirements of the sewerage
system are:

e Abundant supply of piped water

* Good natural gradient or fall to provide flow velocity
* Place for proper disposal of sewage effluent.

The responsibility of constructing and maintaining a
sewage system lies with the public health engineers.
However, a medical student should know the outlines
and the principles.

The sewerage system can be divided into 3 parts:

. House drainage

. Drains and sewers

. Sewage treatment and disposal.

The water carriage system may be of two types.

1. Combined sewer system, where the sewage and the
storm water are both carried together.

2. Separate system, where there are separate channels
for sewage and storm water and the surface water
from the streets is not admitted into the sewers. This
system is the preferable one.

The various components of the sewage system will
now be briefly described.

W N~

House Drainage

It includes sanitary installations that receive liquid wastes
in the house and are connected with the house drain.
They are:

Latrine, which in this system is called water closet (WC)
Bathrooms

Washbasins

Sinks

Storm or rain water pipe.

The above five components of house drainage are
described below.

o=

WATER CLOSET (WC)

It has the following parts:
Pan: It may be sitting or squatting in type.

Trap: It is a U shaped pipe connecting the pan with
the soil pipe. It holds water in the bend and thus forms
a seal to prevent escape of gases from the soil pipe into
the privy. The height of water seal is 2-5 cm.

Flush cistern: It holds about 14 liters of water for flushing.

BATHROOM

Water is drained through a square or circular hole
covered by a perforated iron plate. Sullage water drains
into a gulley trap in which silt settles at the bottom and
the supernatant water passes out to the house drain.

WASHBASIN

Below the washbasin there, is a U-shaped trap. The silt
or other coarse material gets caught at the bend and
may have to be removed when necessary. The drain-
pipe opens into the gulley trap of the bathroom.

SINK

It receives kitchen waste water which contains garbage,

|esodsiq 19yl pue sa1sep) :JUSWUOIIAUT [edISAYd 8 HILdVHD

silt and ashes. It is also connected with the gulley trap [T

which has to be desilted periodically.




°
©
=
©
g
)
o
2
IS
9]
S
a
(YN}
l—
o
<
a

RAIN WATER PIPES SYSTEM

Three types of pipes are usually seen on the outer wall
of sanitary blocks in a building. The largest is the storm
or rain water pipe which drains rain water from the roof
into the gulley trap (Fig. 8.6). The medium sized is the
soil pipe while the small sized pipe is the sullage water
pipe draining bathrooms and sinks.

Drains and Sewers

The house drain receives all sewage and sullage from the
sanitary installations in the house. It is connected with the
sewer or the larger drains in the street through an
intercepting trap. The latter is a masonary tank having
an open gutter or channel at the bottom. It connects the
house drain on one side and the sewer on the other side
through the bent that forms a water seal to prevent
escape of gases from the sewer towards the house.

The sewerage system begins in high lying areas and
proceeds to progressively downward areas. Where the
slope is inadequate, instead of making the sewer deeper
and deeper for gradient and velocity, it is economical
to interpose a pumping station that lifts the sewage back
to a higher level. The size and depth of drains and
sewers go on increasing, upto the last outfall sewer near
the disposal point. On all the turns of sewage lines or
at every 100 meters distance, there is an inspection
chamber or manhole.

Sewage Disposal

Sewage is 99.9 percent water and 0.1 percent solid
matter, about half of which is suspended and half is in
dissolved state. The bacterial content of sewage is very
high. This is not surprising in view of the fact that one
gram human feces contains 100 million E.coli, 10-100

N\

Fig. 8.6: Gulley trap

million fecal streptococci and 1-10 million spores of CL.
perfringens, besides many other organisms, some of which
are pathogenic. Hence raw sewage should never be dis-
charged into rivers and streams without piror treatment.
This is particularly so when the sewage is “rich” or strong,
i.e. relatively concentrated. A major criterion to judge the
richness of sewage is the biological oxygen demand (BOD)
defined as the amount of oxygen in mg per liter of sewage
absorbed over 5 days at 20°C for aerobic destruction of
organic matter by living organisms.!2

Typical values for strong, medium and weak raw
sewage in mg per liter or parts per million (PPM) are
given below:

Strong Medium  Weak
Total solids 1000 500 200
Suspended solids 500 300 100
Dissolved solids 500 200 100
Biological oxygen demand 300 200 100
Dissolved oxygen 0 0 0
(All consumed by the
organic matter)
Alkalinity 200 100 50
Fats 50 20 0

RAW SEWAGE DISPOSAL

Direct discharge of raw sewage into sea or rivers, though
undesirable, is still a common practice. Sixty percent of
Mumbai’s sewage is discharged raw into the sea. Raw
sewage disposal into rivers is the major cause of river
pollution. An example is the 600 km stretch of Ganga
from Haridwar onward which is particularly heavily
polluted. Ganga Action Plan (GAP), the largest environ-
mental project in Indian history, is aimed at tackling this
problem. Its first phase (1985-1990) covered 27 big
cities. The project was formulated to achieve economical
viability through renovation of existing sewage
treatment plants in such a way as to gainfully utilize the
byproducts of sewage treatment, such as methane,
biogas, manure and effluent water. A recent review
shows that many targets of phase I ramain unfulfilled.

SEWAGE DISPOSAL AFTER PURIFICATION

Treatment of sewage may be divided into four parts.

1. Preliminary: Separation of heavy suspended and
floating matter.

2. Primary: Sedimentation and decomposition of
organic matter into simple forms by anaerobic
bacterial action.

3. Secondarvy: Bioaeration or stabilization or minerali-
zation of end products by aerobic bacterial action.
Stabilization means complete breakdown of organic
matter to simpler substances so that no further
decomposition takes place.

4. Final: Disinfection or destruction of pathogenic
organisms.



PRELIMINARY TREATMENT

Screening: This is done by coarse and fine iron
screens before sewage enters the pumping station.
Screening removes big floating materials such as paper,
straw and sticks.

Detritus chamber: After screening sewage enters this
chamber where all heavy matter such as gravel and sand
settles down. The grease and other fats floating on the
surface have to be skimmed off, dried and burnt. Silt
at the bottom is mechanically removed.

PRIMARY TREATMENT

This includes sedimentation and septic tank action.

Plain sedimentation tanks: As the sewage pases slowly
through these tanks, suspended organic matter settles
down as sludge. Coagulants such as alum or ferrous sul-
phate are sometimes added. The sludge has to be remo-
ved intermittently or continuously by mechanical means.
Some degree of anaerobic decomposition of organic
matter also takes place in these tanks. In 1-4 hours, on
an average, 60 percent of the suspended matter and
35 percent of BOD is removed.

Septic tanks: Large circular or rectangular tanks are
provided through which sewage passes slowly and is
held for 8-24 hours. Both sedimentation and septic tank
action take place here. There is formation of scum on
the top; the effluent enters and leaves the tank below
the surface without disturbing the scum. Sludge and
scum have to be removed intermittently or continuously
by mechanical means. The sludge needs further
digestion and the effluent, still having suspended matter
with high biological oxygen demand, needs further
treatment such as bioaeration.

Many types of sedimentation and septic tanks are
in use. The anaerobic or septic action decomposes the
organic matter consisting of proteins, fats, cellulose,
soaps, urea and mineral matter. Ammonia, phenols,
aromatic and fatty acids are released. Ammonia is partly
let off, and part of it combines with nitrous acid to form
nitrites. Carbohydrates are fermented to alcohol or
changed to butyric acid, and lactic acid, etc. Fats are
ultimately hydrolysed to carbon dioxide and water.

SECONDARY TREATMENT

After primary treatment, the effluent still contains lot of
organic decomposable matter that can be further
broken down by aerobic bacteria. The aim of secondary
treatment is bio aeration of the effluent from primary
treatment. This can be done by two methods, viz. the
Trickling filter method and the Activated sludge method.

Biological trickling filter method: The trickling filter
is a bed of crushed stones. It is about 15-30 m in
diameter and 1-2 m deep. The effluent from primary

treatment is sprinkled over this bed by a revolving
device which consists of hollow pipes, each of which has
a row of holes. The pipes, keep rotating, sprinkling the
effluent on the filter bed. Over the filter bed a complex
biological growth consisting of algae, fungi, protozoa and
bacteria is formed. It is known as zooglial layer. The
effluent that passes through this bed gets oxidised by
the bacterial flora in the zooglial layer. From the under
drain, the effluent goes to secondary settling tanks
where sludge is removed from the bottom.

Activated sludge process: It is a modern method to
treat the sewage. In this process the effluent after
primary treatment is mixed with 20-30 percent
activated sludge, which is a rich culture of aerobic
bacteria obtained from the final sedimentation tank.
This mixture is aerated for 6-8 hours. This is done by
diffusing fine air bubbles from below (bubble aeration)
or by mechanically stirring the sewage (mechanical aera-
tion). The sludge that is formed amounting to
20 percent of the sewage is removed in secondary
settling tanks. The effluent is pretty clear.

FINAL TREATMENT OF DISINFECTION OF SEWAGE

At the end of secondary treatment, the effluent, though
clear, still has pathogenic organisms. If it is to be
discharged into a river, it must be disinfected by the
traditional or newer methods described below:

Chlorination

Chlorine or bleaching powder is added in a proportion
of 2-5 PPM.

The residual chlorine content before discharge into
the river must be 0.5 PPM.

Sewage Disinfection by Irradiation

This is a new method based upon nuclear technology.
This technique is already being used in five countries.
India is sixth country in the world and the first in Asia
to use this method. The Sludge Hygienization Research
Irradiator (SHRI) established at Gajerwadi, Baroda by
the Bhabha Atomic Research Center in 1992, can take
care of half of the city’s sewage. It uses gamma
irradiation from a Cobalt-60 source, which reduces the
concentration of coliforms from 100 million/ml to
negligible levels.1?2

OTHER METHODS OF SEWAGE DISPOSAL

These are as follows:
e Direct chlorination
e Sewage farming
* Ogxidation pond (stabilization pond)
e Ogxidation ditch.
These are briefly discussed below.
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Direct Chlorination

If the four phases of sewage treatment described above
cannot be used, the least that can be done is to
chlorinate the raw sewage directly to a level of 5-10 PPM
by adding chlorine or bleaching powder before
discharging it into the river.

Sewage Farming (Surface or Broad Irrigation)

This method can be used for small communities where
lot of land is available and soil is porous. After prelimi-
nary treatment (screening and sedimentation), the
sewage is made to flow onto land on which ridges and
furrows have been made. The sewage flows in the
furrows while the ridges are used for growing fodder
grass and suitable crops (which are not eaten raw). The
discharge in an area has to be intermittent. One acre
land is sufficient for sewage form 100-300 persons.

Stabilization Pond

Also called Oxidation pond, it is an old method, the
importance of which has been only recently
recognized.!? This method enables sewage purification
by forces of nature at very low cost. It is being used
at more than 50 places in India. Two examples are the
oxidation pond at Sevagram, Wardha and Bhilai. The
latter is a large one, catering to a population of one
lakh.

Principle: The oxidation pond is characterized by the
presence of the following three attributes:

* Presence of bacteria feeding on organic matter

* Presence of algae, and

* Presence of abundant sunlight.

The main action of the bacteria is aerobic. They
degrade the organic matter to carbon dioxide, ammonia
and water. These products are in turn utilized by the
algae for their own growth. During the process of
photosynthesis the algae utilize carbon dioxide and
produce oxygen. This oxygen is the major source for
the bacteria, making the aerobic decomposition of
organic matter possible. Thus, it is clear that the aerobic
bacteria and the algae are in a state of symbiotic
relationship. In the deeper layers of the pond, where
algal growth is minimal, and especially in late hours of
night, some anaerobic decomposition by anaerobic
bacteria also occurs. Thus, the oxidation pond purifies
the sewage not only by oxidation (aerobic process) but
also by reduction (anaerobic process). For this reason
the name redox pond is technically more correct than
the term oxidation pond. The most appropriate term,
however, is “waste stabilization pond”.13

Construction: It is an open, shallow pool with a depth
of 1-1.5 m. There is an inlet for sewage and an outlet
for the effluent. The surroundings of the pond should
be kept free from growth of vegetation and weeds. If

this is not done, mosquitoes may cause a menace. The
pond must be located in an area with abundant sunlight.

Ideally, a stabilization pond should consist of three
sequential ponds, water flowing from one to the other
as follows.12

1. Anaerobic pond: It is 2-5 meters deep and
functions essentially as one open septic tank. It
requires desludging after every 3-5 years. It receives
strong raw waste with high BOD. Digestion here is
almost completely anaerobic.

2. Facultative pond: It is 1-2 meter deep. It receives
water from anaerobic pond. Its deeper part is
anaerobic. The upper layer is aerobic during day
due to intense photosynthesis of phytoplankton,
whereby oxygen is released. This layer is anaerobic
during night due to respiratory oxygen demand.

3. Maturation pond: It is 1-2 meter deep. It receives
facultative pond effluent. The main function
achieved here is reduction of excreted pathogens and
nutrients. Some reduction of BOD also takes place
here. It is aerobic at all times.

Aerobic and facultative ponds are used
independently also, without the sequential flow system.
These two are primarily designed to reduce BOD, while
maturation pond is primarily designed to destroy
excreted pathogens.!? Fish can be cultured only in
maturation ponds, which are aerobic all the time.

As a rule of thumb, if the overall retention time over
a series of ponds is at least 20 days, the effluent is safe
for fish culture from the point of view of public health.
The area of stabilization ponds reported in literature
varies from 400 m? nightsoil fed ponds in Jawa to 10
hectare sewage fed ponds in Munich. The most
desirable size of sewage fed ponds in China has been
found to be 3.3-6.6 hectare. Ponds in tropics are usually
smaller, about 0.2-0.5 hectare.?

The effluent may be used for irrigation or may be
discharged into river or sea after appropriate treatment.
They may also be used for fish farming as already men-
tioned.1? Since there is no fecal odor associated with
these ponds they are an acceptable and suitable method
for small communities.

Stabilization pond can be an economically sound
proposition. Water hyacinth, a plant with scavanging
potential, can help in water purification in a stabilization
pond. This plant grows very fast. It can be removed and
used for production of manure rich in nitrogen, phos-
phorus and potassium (NPK).

Oxidation Ditch

This is a method working on the same principle as an
oxidation pond with the difference that mechanical
rotors are utilized for proper and continuous aeration
of sewage. The land area needed is hence less, about
one twentieth of that for an oxidation pond.



Sullage Disposal

In towns and cities, sullage water is disposed of either
in the sewer system or by the surface drainage system.
In villages and isolated domestic habitations, proper
arrangement for disposal of sullage water is needed to
avoid haphazard water collections with the attendant
problems of fly and mosquito breeding as also of
nuisance of sight and smell.

SOAKPIT

In the absence of a drainage system in rural areas,
sullage water spills and stagnates along open streets,
leading to nuisance and unhygienic conditions, apart
from acting as breeding source for mosquitoes. The soak
pit is a cheap, simple and sanitary method of disposing
sullage water. Besides acting as a sanitary sullage
disposal system, the soak pit also acts as a device for
recharging of ground water. Improvements in soak pit
have been suggested by the Safai Vidyalaya, the Central

Building Research Institute, Roorkee, and the

Consortium on Rural Technology, Delhi. The steps in

constructing an improved soak pit as suggested by the

latter are given below:'4
* Choose a proper site which should be away from
a house wall and at least 10 m distant from any well.
The water table should not be very high. Its water
is present 3-4 m below ground level, this technology
may not be appropriate.
* Dig a pit about 1 meter long, broad and deep. The
bottom of the pit must have a slope of about 15
cm, the direction of the slope being away from the
house.
* Divide the depth of the pit into roughly four equal
parts. Fill the lowermost part with stones or bricks
the size of a coconut. Fill the second part with stones
or bricks the size of a big apple. The third part is
to be filled with stones of the size of an average
lemon. The fourth or uppermost part is for the inlet
chamber.
e The inlet chamber is constructed as follows (Fig. 8.7):
— At the center, lay the foundation of the chamber
in the form of 4 bricks arranged as shown, laid
with a gap of 5 cm between the bricks, leaving
a central space of 12.5 X 12.5 cm (5" x 5").

— Lay over these bricks a second layer of bricks
without leaving any space between the joints.

— If necessary, similarly lay a third or fourth layer
of bricks. This will depend upon the slope of the
drain from the source outlet of waste water to
the inlet chamber of the soak pit.

* Take a 1 sq m gunny cloth with a hole in the center
about the size of the inlet chamber. Cover the stone
layer of the pit with this gunny cloth.

House
outlet

Gunny
with tar

Grit and
great trap
| .’4:"-;{0' S RO
Graded rubble = |53 1S R 30 MM DAL
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Fig. 8.7: Soak pit

* Cover the gunny cloth with a similar sized ploythene
sheet having a similar hole in the center.

* Cover the polythene sheet with soil and fill the pit.
Compact the soil properly. The soak pit is now
ready.

* Make a pucca drain 7 cm (3") wide and 10 cm (4")
deep from the water outlet to the soak pit inlet. It
should have a slope of about 8 cm per meter, i.e.
about 1" per foot. The drain should be covered by
bricks or flat stones without joining them. This helps
in checking the entry of solid waste and rain water.

* Provide a trap near the middle of the drain to check
the entry of suspended solid wastes from entering
the pit. Dimensions of the trap are: length 35 cm
(14"), breadth 25 cm (10") and height, progressively
sloping along the flow of water, so as to be 25 cm
(10") in beginning, 22.5 cm (9") in the middle and
20 cm (8") at end. At the middle is provided a
partition with a 7.5 cm X 7.5 cm (3" X 3") hole
at the bottom.

* Cover the trap and the inlet chamber of the pit with
a flat stone.

* Cover the top surface of the soak pit with soil so as
to raise it 5 cm above the surrounding ground level.
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Like the home and the school, the place of work is also
an important part of man’s environment. The physical,
chemical and biological agents and the work
environment at place of work may affect the health and
efficiency of the worker. A man is exposed to these for
at least six to eight hours daily at his place of work or
occupation. This environment, therefore, should be
healthy and free from any harmful agents as far as
possible. A healthy occupational environment, in
addition to being beneficial for the workers, is
conductive to higher work productivity.

Occupational Health is an important branch of
preventive medicine. It deals with: (i) promotion and
protection of the health of the worker, (ii) early
diagnosis and prompt treatment of occupational diseases
and (iii) rehabilitation in case of disablement. The term
‘occupational health’, being more comprehensive, has
replaced the old terms industrial hygiene, industrial
health and industrial medicine. The subject envisages
health, safety and welfare of all the workers alike such
as office goes, farmers, unskilled laborers, teachers and
workers in the cottage industry, etc. and not only those
engaged in an industry. Factory workers, however, need
and are paid special attention by the government
because they work in hazardous environments and are
exposed to special risks. In its first session held in 1950,
the Joint ILO/WHO Committee on Occupational Health
stated that the general aims of occupational health
should be the promotion and maintenance of the
highest degree of physical, mental and social well-being
of workers in all occupations; the prevention among
workers of departures from health caused by their
working conditions; the protection of workers in their
respective employments from risks resulting from factors
adverse to health; the placing and maintenance of the
workers in an occupational environment adapted to
their physiological and psychological needs, or, in other
words, the adoption of work to man and of each man
to his job.

Most physicians are nowadays confronted with
occupational diseases. They should hence be conversant
with occupational health hazards. The various factors
in occupational environment that may affect health are:
* Physical agents such as extremes of temperature and

humidity, abnormal air pressure, vibrations, noise,

Physical Environment: Place of Work
or Occupation (Occupational Health)

radiant energy, injurious force and friction from
machinery parts.

* Chemical agents such as toxic substances and dusts.

* Biological agents such as B. anthraces, leptospirae,
fungi, and scabei.

e Social factors related to work environment such as
tension and worry related to coworkers and employers,
job security and the conditions of employment.

Physicochemical Agents

In this chapter, we shall discuss the following:

* Physical (including chemical) agents in occupational
environment

e Offensive trades and occupations

* Occupational diseases and hazards

* Prevention of occupational diseases

*  Occupational health legislation

*  Worker absenteeism

* Biological agents and social factors in occupational
health.

Physical Agents

Temperature and Humidity

Exposure to extremes of temperature: Workers in
the field, such as farmers, road builders and those
engaged in house construction, are exposed to external
heat from the sun. Fishermen and workers at high
altitudes are exposed to cold.

Many workers are exposed to high temperatures
inside the workrooms, such as those employed in
engine rooms, metal works, cement, asbestos and
abrasives factories, bakeries, brick kilns and potteries,
etc. Workers in ice factories, cold storage rooms, milk
dairies and cold laboratories are exposed to cold.

Effects of extremes of temperature include prickly
heat, heat stroke, heat exhaustion and muscle cramps
in case of heat and frostbite and respiratory diseases in
case of exposure to cold.

Exposure to high humidity: It accompanies extremes
of temperature in many industries and aggravates the
heat or cold effects on body such as in textiles, paper
factories, ice factories, etc.



PART II: Epidemiological Triad

Air Pressure

Aviators, balloonists and mountaineers are exposed to
low pressure while deep sea divers, caisson workers and
workers in submarines and deep mines are exposed to
high pressure.

Acclimatization to heat, humidity and pressure has
already been discussed in the Chapter on Air.

Vibrations

Industrial exposure to vibration occurs while operating
machines and hand tools that impart vibrations.
Common examples are grinding, burning, hammering,
breaking concrete, cutting, chipping and scaling of
metals, hole boring, drilling and tailoring, etc. Vibrations
may cause general symptoms such as nervousness and
fatigue or local symptoms such as injury and
inflammation of bones and joints. The surrounding soft
tissues such as nerves, muscles, tendons, ligaments and
blood vessels may also be affected. As a preventive
measure, hand held vibrating tools should be replaced
by automation processes. Suitable job placement,
periodic medical check up, rest and proper exercises are
also necessary.

Noise

Like hypertension, noise has also been called a silent Killer.
This is so because the effects of noise are very insidious.
It is estimated that 6 to 16 million workers in the USA
work in noisy surroundings that may impair hearing.!
Figures for India are not available. However, a study by
the National Physical Laboratory indicated that Mumbai
is ‘the noisiest city in India’, the biggest source of noise
for a person there being vehicular traffic.! A recent survey
in noise-prone industries (oils, textiles and steel mills,
automobiles industry and railway workshops) revealed
a noise level of 95 to 102 decibels.! Industrial noise
ranging from 81 to 102 decibels numbs the efficiency
of a worker besides being injurious to his health. It may
be mentioned that as demonstrated by Theodore Wacks
at Purdue University in 1982, ordinary household noise
also can retard the cognitive development of children aged
7 to 24 months.! Even the foetus may suffer from
undesirable effects of noise. A recent study advocated that
pregnant women avoid prolonged exposure to noise.l
Industrial noise may be classified into four categories
as follows:
1. Steady wide band noise from continuously
operating motors or machines.
2. Steady narrow band noise from saws, lathes and
pneumatic hand tools.
3. Impact noise (lasting less than 1/10th of a second)
from drop hammers.
. Repeated impact noise from pneumatic hammers,
riveting, etc.

EFFECTS ON HEALTH

Noise has wider ranging ill effects than the effect on
hearing alone. There is enough evidence to show that
noise has undesirable effects on cardiovascular, respi-
ratory, endocrine and nervous systems. For example,
abnormal cardiac rhythms have been found in workers
exposed to intense noise in steel mills and ball bearing
factories. Overexposure to noise is associated with high
blood pressure, peptic ulcer, and, in general, a higher
environmental stress.2? A noise of 140 decibels is suffi-
cient to drive a person insane. As regards acoustic
damage, prolonged exposure to noise levels greater
than 85 decibels can impair hearing permanently.
Studies conducted in USA in the fifties showed that the
noise level in several prison industries varied from 75
to 110 decibels and the prisoners developed impairment
of hearing within three months, which was permanent
to some extent.! The temporary impairment of hearing
due to noise trauma usually occurs in a frequency range
of 4000 to 6000 Hz. (One Hertz denotes a frequency
of one wave per second. Human ear can perceive
sound between 20 and 20000 Hz).

NOISE CONTROL

The control of noise pollution and prevention of noise
trauma can be achieved by using the following
measures:

* Reduction of noise production: By using less noisy
machines and by fitting noise mufflers and silencers.

* Reduction of noise transmission: By enclosing noise
producing machines in thick walled sound proofed
chambers. Noise in cities and towns can be markedly
reduced by green belts having plantations of dense
shrubs and trees like neem, banyan, casuarina and
tamarind.!

* Protection of persons exposed: To noise above 85
decibels at frequency above 150 Hz. Ear plugs and
ear muffs can be used for this purpose. The workers
in noisy environment should be rotated to avoid
prolonged exposure and their hearing should be
checked by periodic audiograms.

» Suitable legislation: To prevent noise pollution and
to award compensation for noise trauma.

* Appropriate health education: To workers, employers
and the general public about the effect of noise on
health and the related preventive measures.
Noise pollution is also briefly discussed in the Chapter

on Environmental Pollution.

The center has changed rules to prohibit or regulate
noise from myriad sources, including the modern day
menace of construction and blowing horns at night. The
rules ban the use of vehicle horns, sound emitting fire-
crackers, sound emitting equipment, noisy construction
equipment in residential areas at night. Night time has
been specifically defined as 10 pm to 6 am. Loud noise



from the neighbor’s music system and parties has also
been covered. Noise at the periphery of a public place
such as a hotel or stadium should not rise above 10
dB of the ambient noise beyond its periphery. Noise
emerging from a private place at its periphery should
not exceed 5 dB above the ambient noise level at the
periphery. Ten automatic noise monitoring stations in
certain cities would be installed that will record ambient
noise levels 24 hours a day to create noise maps for
each city (Table 9.1).

Radiant Energy

It has various forms depending upon the wavelength
of the electromagnetic waves, which varies from the
very large wavelength of radio waves at one extreme
(wavelength up to ten million meters) to the extremely
short wavelength of cosmic rays (millionth of an
Angstrom). The effects of various types of radiant
energy are described below in order of decreasing
wavelength (increasing frequency).

LONG WAVELENGTH RADIO WAVES

These are used for wireless transmission. These are not
absorbed and are harmless to the body.

Microwaves

They are short waves used in radar communications on
ships, aeroplanes, etc. They raise the temperature of
tissues. The lens of the eye is very susceptible and
cataract may develop on excessive exposure.

INFRARED RADIATION

Outdoor exposure may occur in case of farmers and
sailors who are exposed to too much sun. Indoor
exposure may occur to glass blowers in glass industry
where hot molten glass emits infrared rays. Blast furnace
workers, blacksmiths, kiln and oven workers and stokers
are also exposed to infrared rays. These rays raise the
temperature on getting absorbed. The lens of the eye
and the retina are specially sensitive. Intense exposure
to infrared rays leads to cataract.

LIGHT RADIATION

Visible light may be in the form of natural sunlight or
artificial light. Ordinary light from electric bulbs and

TABLE 9.1: Existing limits of sound*

Zone Day (dB) Night (dB)
Residential 55 45
Sensitive 50 40
Industrial 75 70
Commercial 65 60

*Environment and Forest Ministry. Government of India

tubes has no ill effect within reasonable limits of
exposure. Bright, sharp and direct light produces glare
which may cause eye strain, fatigue and headache. Poor
lighting may lead to accidents, hence highways,
gangways, hallways and machine rooms should be well
illuminated. The standards of lighting should be fixed.
Indirect illumination by reflected light from a hidden
source is comfortable and does not have a shadow
producing effect. However, it reduces intensity by 25
to 50 percent.

All efforts should be made to maximise the use of
natural sunlight. This can be done by providing plenty
of windows and sky lights (glass area at least 20 percent
of floor area) and by painting the walls white.

ULTRAVIOLET RADIATION

The most important source is the sun, whose ultraviolet
rays have a wavelength of about 200 millimicrons.
Ultraviolet radiation is greater at high altitudes than at
sea. Earth’s surface absorbs a part of the sun’s ultraviolet
light, but snow reflects 75 percent of ultraviolet
radiation. This explains why persons skiing over snow
get severe sunburns even on the underside of nose
which is not exposed to sun. Farmers, shepherds, sailors
and road builders also are prone to excess ultraviolet
radiation due to constant exposure to sun. An indoor
source of ultraviolet radiation is the mercury vapour
discharge tube, which is widely used for ultraviolet
radiation. It gives many times more radiation than
sunlight. Ultraviolet light is also emitted by carbon arcs,
electric welding and other sources to which electricians,
welders, metal moulders and atomic energy
investigators, etc. are exposed. Hence, the need for
proper protection of eyes in case of welders.

EFFECTS OF ULTRAVIOLET RADIATION

It does not penetrate more than a few millimeters and
is almost entirely absorbed at the surface of the body.
Its direct effect is, therefore, only on the skin and eyes.
All other effects are due to changes in these tissues.
Effects on the skin include erythema, darkening of the
skin (suntan) and thickening of epidermia as a protective
mechanism depending upon the duration and intensity
of exposure. Prolonged exposure may result in
squamous cell carcinoma or basal cell epithelioma
(rodent ulcer).

Proper clothing is adequate to protect the skin
against ultraviolet light. Effects upon the eye include
keratitis caused by absorption of ultraviolet light by the
cornea. Light reflected from snow can cause the same
lesion, sometimes referred to as snow blindness. A
similar lesion can occur from flash burns in arc welding.
Special glasses that filter ultraviolet and infrared rays
should be worn to protect the eyes from radiation
injury.
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IONIZING RADIATION

It is of two types—particulate radiation (alpha particles,

beta particles and neutrons) and electromagnetic radiation

(X-rays and gamma rays). On entering the body, ionizing

radiations damage the cells by causing ionization,

particularly in the nucleus. The examples of occupational
exposure to ionizing radiation are as follows:

* Persons working in departments of radiology, radio-
therapy and nuclear medicine are at risk of excess
exposure.

e Painters of which radium dials are exposed as they
moisten the brush with the tongue.

* Radioisotopes are used in industry to find flaws in
casting and to detect the content of metallic containers

e Soldiers may be exposed to nuclear explosions for
military purposes.

HAZARDS OF IONIZING RADIATIONS

Pregnant women and children are more prone to
radiation hazards. The extent of damage depends upon:

Tissue Involved

Highly sensitive cells are lymphocytes, bone marrow
cells and gonadal cells.

Type of Radiation

Both alpha and beta particles are harmful if injected or
inhaled. Beta particles can affect the skin also. X-rays
have high penetrating power and affect skin as well as
internal organs. Gamma rays cause even more damage.

Area of the Body Exposed

irradiation of large area of the body may lead to death
in days to weeks because of bone marrow depression.
Radiation dose is several million times the average daily
dose received from natural sources and occupational
or medical exposure.

Acute Exposure

Massive doses of penetrating radiation such as X-rays and
v-rays may cause death in a few hours or days. In less
severe cases, loss of appetite, nausea and vomiting occur
within an hour or two. Symptoms may subside after one
day to two weeks, but reappear after a latent period in
the form of diarrhea, fever, bleeding and ulceration of
mucous membranes, fall in blood pressure, increased
susceptibility to infections, epilation, amenorrhea,
increased capillary fragility and marked decrease in blood
cells, especially lymphocytes and polymorphs.

Chronic Exposure

Cancer: Various types of cancer may be induced, parti-
cularly of lung, blood and skin, leukemia is a frequent
result of repeated exposure, a significantly higher rate

being noted among radiologists. Powel found increased
incidence of leukemia and other neoplasma in children
followed upto ten years after their mothers received
diagnostic X-rays during pregnancy.

Genetic effects: Genetic mutations are well known to
occur in experimental animals and to a certain extent,
in man as well. Radiation mutation being recessive, the
chance of its manifestation in future generations is small.
In 95 percent of such cases the offsprings dies during
gestation or soon after. In the remaining 5 percent, the
mutation is mainly in chromosomes other than sex
chromosomes.

Shortening of lifespan: This has been statistically
proved.

Skin lesions: Beta particles and low energy (soft) X-
rays are responsible for most of the damage to skin
because they are absorbed at the surface. High energy
(hard) X-rays and gamma rays penetrate readily, hence
the skin is usually spared. The skin reactions appear after
a latent period of a week or two as erythema, edema,
pruritus, blisters, sloughing of epidermis and ulceration.
Healing is slow. Delayed effects include hyperkeratosis,
atrophy of sweat and sebaceous glands and, eventually,
epidermoid carcinoma.

Cataract: It can be caused by neutrons.

Prevention of radiation hazards: Strict adoption of
known preventive measures is essential in order to avoid
or minimize radiation injury as described ahead.

Protection against External Source

Shielding: The source of X-rays, g-rays and particulate
radiation should be surrounded by radio protective
material of suitable thickness such as lead and concrete.
Lead boxes are used to keep radium needles. Lead
glasses are used in the window panes of diagnostic and
therapy rooms. The cobalt unit used in the treatment
of cancer is kept in thick concrete walled chambers.
Lead rubber aprons and lead rubber gloves should be
used by X-ray technicians in radiology departments.

Distance: The intensity of exposure varies inversely
with the square of the distance from the source. Hence
controls should be as distant as possible from the source
of radiation so that the operator is exposed to the
minimum. Long forceps should be used to handle
radium needles.

Duration and extent of exposure: The maximum
permissible dose of radiation fixed by the International
Commission on Radiation Protection (ICRP) should not
be exceeded (Table 9.2). The personnel employed
should be adequate and they should be rotated in such
a manner that no single person in exposed for a long time.

Monitoring devices: Film badges or personal
dosimeters should be worn by the workers exposed so



TABLE 9.2: Maximum permissible doses for occupationally
exposed persons over 18 years of age, and the public at
large (ICRP)*

Exposed part of body Occupationally Public at large
exposed persons
Whole body, 5 rems/yr or 0.5 remsl/yr
blood forming 3 rems/quarter
organs and gonads
Bone, thyroid, 30 rems/yr or 3 remslyr
skin 15 rems/quarter
Hands, forearms, 75 remsl/yr or 7.5 remslyr
feet and ankles 40 rems/quarter
All other organs 15 rems/yr or
8 rems/quarter

ICRP: International Commission on Radiation Protection

that the degree of exposure may be continuously
monitored.

Maintenance of plants, equipment and shields:
These should be checked regularly to detect any
leakage.

Protection against Entry (By Inhalation, Ingestion
orthrough Intact of Abraded Skin)

e Radio-contamination of air should be prevented by
enclosing or encasing the radiation generating plant
and by providing it with an exhaust system. Floor
and walls should be wet mopped and not swept dry.

* Drinking water and food should not be kept or
consumed in workrooms.

* Radioactive wastes should be properly disposed.
Radioactive dust cannot be let off into water or air, nor
can it be burnt or chemically treated. Gaseous and air-
borne radiation should be controlled by filtration and
dilution with air. Liquid radioactive material should be
allowed to decay to the lowest possible level and then
disposed of by filtration and dilution with water.
Dangerous wastes are stored and buried. If let into
drains, they should not go into the common sewers.

Technical Supervision and Monitoring

These should be directed by a health physicist in atomic
energy establishments and by an industrial hygienist in
industries where the hazard is low. The duties of the
health physicist include designing plants and equipment,
making frequent radiation surveys, providing and
reading monitoring devices, imparting health education,
undertaking research on safety measures and examining
the issue and transport of radioisotopes.

Medical Supervision

Medical check up and blood count should be done
before employment and at regular intervals after
employment. Analysis of expired air and examination

of urine and feces may be performed as necessary to
find the concentration in the body. Records should be
kept properly and analyzed. Whenever an adverse
effect is detected in a worker, he should be moved away
from the site of exposure. Fluoroscopic and X-ray
examinations should be withheld in pregnant women
and children as far as possible.

Force and Friction

These constitute an important cause of injuries and
accidents in industries. The damage depends upon the
force with which a moving, projecting or revolving part
strikes the worker. The presence of other physical factors
such as heat, lighting and noise may adversely affect the
likelihood of occurrence and the severity of such injuries.
Study of accidents and their prevention is an
important subject for an industrial physician. The
incidence of accidents is steadily rising. Mainlining
quarries, construction works, railway workshops and
heavy industries such as steel are particularly known for
accidents. Age, sex, habit, personality and physical and
mental state of the worker play an important role in
occurrence of accidents. An industrial health team
consisting of an industrial physician, an engineer, nurse
and social worker should study the cause of each and
every accident and should try to prevent further
occurrence. More than 90 percent of accidents are
preventable. Preventive safety measures such as proper
fencing, encasing and care of machine parts are
described in Chapter IV of the Factories Act, 1948.

Chemical Agents

Chemical agents responsible for occupational diseases
form a long list and their number is ever increasing. They
may occur in the form of dusts, fumes, mists, vapors
and gases produced during various industrial processes
as described below. This topic in further discusses in the
chapter on environment pollution.

Dusts

They are solid particles generated on handling, crushing
and grinding of rocks, owes, metals, coal, wood and
grain, etc.

Fumes

They are solid particles generated on volatilization of
liquids.

Mists

They are suspended liquid droplets produced by
splashing, foaming or atomising. Examples are chromic
acid mists in electroplating industry and oil mist from
lubricants.
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VAPORS

They arise in gaseous form from substances normally
in solid or liquid state. Examples are vapors of hydro-
chloric, sulphuric, nitric and hydrofluoric acids. Mercury
vapours are particularly hazardous in industry.

GASES

Important examples are sulphide, hydrogen cyanide,
carbon dioxide, carbon monoxide, ozone and oxides
of nitrogen. The Bhopal gas tragedy occurred on
December 3, 1984 because of accidental chemical
explosion in a tank leading to emission of MIC (Methyl
Isocyanate) gas. This caused injury not only to the factory
workers but also to a large number of people residing
in Bhopal. It is estimated that 20,000 persons have died
so far due to exposure to MIC. A high proportion (62%)
of exposed persons showed simultaneous involvement
of respiratory, gastrointestinal and central nervous
systems and vision.> The Bhopal gas tragedy was the
world’s worst industrial disaster caused in India by a US
based multinational, Union Carbide. It may be
mentioned that the company’s own sister plants in USA
were built to much safer design than the Indian plant.
Also, the highly toxic chemical MIC was stored in the
Bhopal plant in quantities unheard of in the West.

Effects of Chemical Agents

The main organs directly exposed to chemical agents
are skin, respiratory tract and gastrointestinal tract. The
effects on these organs are summarized below.

EFFECTS ON SKIN

The occupational skin diseases include—dermatitis,
eczema and urticaria caused by resins and plastics,
inorganic insecticides and other irritants; ulcers caused
by acids, alkalies and chromates; and cancer caused by
anthracene, asphalt, creosote, crude paraffin, pitch, soot
and arsenic. If the chemicals are absorbed from the skin,
they may even produce systemic effects. Notable among
such chemicals are amine derivatives like aniline and
alpha-naphthylamine and nitroderivatives like
trinitrotoluene.

EFFECTS ON RESPIRATORY SYSTEM

Toxic agents entering by inhalation may be soluble or
insoluble. Soluble dusts and fumes of lead, cadmium,
zinc, manganese and magnesium are systemic poisons.
They cause metal fume fever. Insoluble dusts cause
different types of pneumoconiosis. Thus quartz dust
causes silicosis, coal dust causes anthracosis, cotton dust
causes byssinosis and asbestos causes asbestosis. Some
gases like nitrous oxide, methane and carbon dioxide
are simple asphyxiants and simply replace oxygen in the

lungs. Some gases are chemical asphyxiants such as
carbon monoxide, hydrogen cyanide and hydrogen
sulphide. Some others are irritants such as ammonia,
chlorine, NO,, SO, and ozone. Gases like arsine, phos-
phine and carbon disulphide are systemic poisons.
Chromates, asbestos, beryllium, mineral oil and coal tar
cause cancer.

Effects on Gastrointestinal Tract

Toxic agents or substances may be ingested with water
and food. Lead, arsenic, chromium, cadmium and
phosphorus poisoning may be caused in this manner.
These substances are mostly excreted with feces but are
partly absorbed into circulation.

Biological and Social Factors

Biological Agents

Workers in certain situations are more prone to some
infections as an occupational hazard. Examples of such
infections and the concerned environment are bilharziasis
in rice fields; hookworm in manured fields; histoplas-
mosis, coccidiomycosis, blastomycosis and tetanus in soil
in general and leptospirosis in mines. Tanners, veterinary
personnel, zoo and circus attendants, farmers, butchers
and pigeon raisers are exposed to occupational zoonoses
such as anthrax, brucellosis, fever, psittacosis, mycotic
infections and some parasitic infections. In addition,
medical and paramedical personnel and veterinarians
engaged in the care of persons or animals suffering from
infectious diseases also run the risk of contracting them
as an occupational hazard. Examples are serum hepatitis
and AIDS.

Social Factors

Tension and worry often arise from social environment,
i.e. from coworkers and employers, when a worker
cannot adjust with them. Jealousy in promotion, nature
of work, hours of work, less pay, poor housing,
separation from family, lack of medical care and several
other such factors disturb the mind and affect the
efficiency and health of the worker as also his work
productivity. The labor welfare officers and departments
and the labor organizations aim at reducing such conflicts
in the industries.

Offensive Trades and
Occupations
Some trades and occupations, apart from being

injurious to the health of the workers and other people,
are offensive to sight, smell or hearing, they are called



offensive trades because of their nuisance and offensive

character. They should hence be located far from

residential areas. Their effect on health may be direct

or indirect, immediate or late. The ill effects are due to:

* Dust, noise or obnoxious smell coming out of the
manufacturing plant.

* Offensive sight.

e Effluent which, on accumulation, breed insects like
mosquitoes and flies.

Common ones are described here in brief.

Keeping of animals: This trade causes nuisance of
smell and sight due to stagnation of animal excreta. In
addition, there is breeding of flies, mosquitoes and other
insects.

Slaughtering of animals: Putrefaction of offal and
continued flow of blood, urine and excreta produce
offensive stink. The trade attracts dogs, rats and flies.

Blood boiling and drying: For obtaining albumin, red
pigments and manure and for refining sugar. The
hydrogen sulphide produced has a very offensive smell.

Bone boiling: To prepare phosphate manure for tea
gardens involves offensive smell and sight. Bone stocks
attract flies and animals.

Gut scraping: For making sausages and catgut.

Animal fat and tallow melting: To make candles,
leather dressings, lubricants, etc.

Tanning: This industry involves soaking of animal skins
and hides in water and later drying them in the open.

Paper industry: Which involves soaking cotton or linen
rags, waste paper, straw, rice, husk, sugar cane, trash,
grass, etc. for conversion into pulp. The workers are
exposed to all sorts of dusts and flies. The alkaline and
colored effluent spoils land and waterways and causes
nuisance of smell and sight. Its disposal is a great
problem in most cases.

Oil mills: When coconut, groundnut and oil seeds such
as linseed and mustard are expressed in crushers, there
is an offensive smell of oils and decaying wastes.

Rice mills: Steaming of paddy, soaking, drying, etc.
give rise to offensive smell. Rice and flour mills cause
noise in addition.

Occupational Diseases and Hazards

Detailed study of occupational diseases, their prevention
and control is the special responsibility of the industrial
physician. However, the medical student should be
familiar with conditions like lead poisoning, pneumo-
coniosis, occupational hazards of agricultural workers,
occupational dermatitis, radiation hazards, occupational
cancer and industrial accidents. The first three are des-
cribed below, the next two have already been discussed,

while the last two will be taken up in Chapter 21 as
part of the sections on cancer and accidents.

Lead Poisoning/Plumbism

Lead is the most important cumulative poison. It may

enter the body through:

* Ingestion of minute particles of lead in organic form
such as tetraethyl lead, which forms lead chloride
in the stomach and becomes readily soluble.

e Inhalation of dust and fumes of lead. Special
mention needs to be made here of the lead released
in automobile exhaust. In big cities like Delhi,
Mumbai and Kolkata, automobile exhaust forms a
major source of lead pollution. It is particularly
dangerous for children since it can cause brain
damage.®

* Absorption from skin especially when mixed with oil.
Paints are a common source.

Lead is used in many industrial processes. Common
examples of industries with a high risk of exposure to
lead are as follows:

* Lead mining, smelting and manufacture of red,
white and carbonate lead.

* Manufacture and use of paints, colors and dyes.

* Foundries.

e Manufacture of colored glass and lead gloves,
aprons and screens for use in X-ray departments.

* Pottery.

* Manufacture of batteries.

e Manufacture of lead pipes and lead plates.

* Plumbing in relation to water supply, drainage, etc.

* Printing.

e Ship industry.

Main clinical features are lead colic, mottling of teeth,
spongy gums, softening of bones and nerve palsies.
Diagnosis can be made by the characteristic basophilic
stippling of RBC and by assessing levels of lead in blood
and urine. Urinary coproporphyrin and amino levulinic
acid levels are also useful in diagnosis.

PREVENTIVE MEASURES

These may be described under the following headings.

Minimizing Environmental Pollution by Lead

e Substitution of lead compounds by less toxic
materials where possible.

* Prohibiting the use of lead as an antiknocking agent
by vehicle owners.

* Properly enclosing and shielding the machines or
areas in an industry where lead is used.

* Proper exhaust ventilation to remove lead fumes.
A safe environment should not have more than
2 mg lead per 10 cubic meter air.
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Personal Protection

* Proper washing of hands by workers exposed to
lead. This is particularly important in case of printing
press workers who manually handle lead type for
composing the matter to be printed.

e Use of appropriate respirators by workers exposed
to lead fumes.

e Wet sweeping of floors and machines in factories
using lead.

* Keeping the paints and other lead containing mate-
rials away from children’s reach.

* Buying toys without lead paint for children.

Periodic Examination of Workers

This includes medical check up for early diagnosis of
toxic symptoms, examination of blood for basophilic
stippling and testing the response of external digitorum
communis to electrical stimuli. Other tests as described
above may also be used.

Pneumoconiosis

The term pneumoconiosis refers to a group of lung
diseases caused by inhalation of insoluble dusts. Dust
particles above 10 microns in size settle down from the
air. The inhaled air thus contains only smaller particles.
Particles 10 to 5 microns in size are caught in the upper
respiratory tract and those measuring 5 to 3 microns
are held in the mid-respiratory passages. It is the particles
of size 3 to 0.5 microns that reach the smaller passages
and cause pneumoconiosis.

Pathogenesis

The particles inhaled are lodged in lymphatics, lymph
nodes, bronchioles and alveoli. The clinical picture
depends on damage to bronchioles and alveoli followed

by development of fibrosis. The lung becomes predis-
posed to tuberculosis, which is often superimposed.

Clinical Features

After a varying latent period the characteristic symptoms
and signs appear in the form of chronic cough, pro-
gressive dyspnea and emphysema. Cough may be
productive and hemoptysis may occur occasionally.
Tuberculosis is a common complication.

The severity of disease depends on the nature and size
of dust particles, their concentration in air, the period of
exposure and the host factors. Common pneumoconio-
sis and their causative agents are listed in Table 9.3.

While the role of asbestos which has over 3000
industrial applications is well known, it is only recently
that the harmful effects of certain clay minerals naturally
occurring in a fibrous state have been recognized.
Among these are attapulgite and sepiolite. Clay fibers
are used in many technological processes related to
adhesives, fertilizers, cosmetics, pesticides, rubber,
cement, etc. because of their absorptive and colloidal
properties. Attapulgite can cause pulmonary fibrosis and
can enter the body through respiratory tract as well as
through gastrointestinal tract.®

Prevalence

Silicosis was first described in India from Kolar gold
mines in 1947. It has now been found to be widely pre-
valent in many industries. Its prevalence has been
reported to be 34.1 percent in mica mine workers and
15.7 percent in ceramic and pottery workers while that
of byssinosis has been found to be 7 to 8 percent.’
Silicosis is a major occupational hazard for the workers
in stone crushers. There are about 100 stone crushers
in Delhi, responsible for 2 deaths per month due to
environmental pollution. It has been estimated that a

TABLE 9.3: Pneumoconioses

¢ Asbestosis Asbestos (hydrated

magnesium silicate)

+ Bagassosis” Bagasses or sugar

cane dust

¢ Tobaccossis Tobacco dust

e Farmer’s lung Hay and grain fiber Agriculture

Disease Dust Industries
Mineral Dusts
e Silicosis Silica Gold, silver, mica and steel industry, slate and stone quarries, stone crushers and potteries

Asbestos is an incombustible fibrous material used in the manufacture of ashestos cement
roof tiles, brake linings, fireproof textiles, talcum powder, etc.

e Siderosis Iron Iron mines, steel works
¢ Anthracosis Coal dust Coal mines

Vegetable Dusts

¢ Byssinosis Cotton fibre (Cotton dust)  Textiles

Cane sugar factories, paper and cardboard factories where bagasse
or sugar cane fibre is used

Cigarette, cigar and beedi industries

"Bagassosis is now known to be caused by a thermophilic actinomycetes for which the name Thermoactinomyces sacchari has been

suggested.”




500 tonnes capacity stone crusher emits three tonnes
of suspended matter every day, the dust concentration
in air around these crushers being 3000 to 8000
microgram per cubic meter air, compared to the
permissible limit of 200 micrograms per cubic meter as
prescribed by the Central Water Pollution Control Board.

PREVENTIVE MEASURES

* Modification of the manufacturing process.

e Prevention of dust formation by use of oil, water or
steam and by water spraying and wet mopping of
floors and walls.

* Prevention of escape of dust by enclosing the machinery
emitting dust with special cabinets and boxes.

* Removal of dust by suction fans and exhaust shafts
and by proper ventilation.

* Prevention of entry of dust into body by use of face
masks, etc.

Occupational Hazards of Agricultural Workers

The reasons for preferring the term occupational health
to industrial health were explained at the beginning of
this chapter. The unsuitability of the terms, industrial
medicine and industrial health is best illustrated by the
fact that these leave out of their purview the largest
sector of workers—the farm workers or farmers—in
agricultural country. The occupational health hazards of
farmers have been mentioned at several places in this
chapter. It is worthwhile listing them together for sake
of clear understanding. These may be described as
follows:
* Physical hazards: Due to extremes of temperature,
ultraviolet radiation, noise and inadequate ventilation.
e Chemical hazards: Due to fertilizers, insecticides and
pesticides. The main pesticides used are DDT, BHC,
aldrin and dieldrin. About 14,000 tonnes of DDT
are annually sprayed in India and it has been found
to be “ubiquitous” in soil, water, cereals, vegetables,
fruits, milk, eggs, etc. Some studies suggest close
correlation between use of pesticides and incidence
of limb deformities, joint dysfunction and visual
disabilities. Many of these chemicals are potential
carcinogens. Various types of pneumoconioses,
including farmer’s lung, are also examples of
chemical hazards. It may be emphasized that
insecticide poisoning is a very important and serious
hazard for farmers. For example, 200 persons in 40
Karnataka villages were crippled in 1975 when they
consumed fish and crabs collected from rice fields
that had been sprayed with parathion and endrin.1?
Another example of a pesticide acting as occu-
pational hazard is aluminum phosphide. Poisoning
with this chemical was unknown till 1981, but has
now become the most common cause of suicidal
poisoning in Haryana, a predominantly agricultural

state.!l The pesticide is very cheap and is freely
available. One to four tablets are sufficient to cause
death, which occurs within 2 to 96 hours.
According to WHO estimates, one million people
are globally affected by chemical pesticides every year
and 20,000 of them die. 15000 of these deaths occur
in the developing countries, though these countries use
only one-sixth of the chemical pesticides used world-
wide. One approach to this problem lies in develop-
ing and promoting the use of biopesticides which are
living organisms that control pathogenic organisms.
Their share in global pesticide market is expected to
increase from the current level of about 5 percent
to about 10 to 15 percent within a few years.
Biological hazards: Due to various infections like
anthrax, brucellosis, tetanus, fever, hookworm, etc.
as already described.
Accidents: Due to farming tools, mechanised equip-
ments, snake bite, dog bite and other trauma from
handling of farm animals. Amputations due to
thresher injury are very common.

Other Occupational Hazards

Beedi workers, whose job involves rolling and tying of
beedis, are constantly exposed to tobacco. Of the nine
lakhs beedi workers, half are women. Tobacco exposure
leads to mucosal damage manifested by conjunctivitis
and rhinitis. Women also show fatal abnormalities.
Dangers of exposure to pesticides and other chemicals
have been described earlier. These dangers are accen-
tuated in women because of their higher physiological
vulnerability during pregnancy and lactation. Traffic
policemen in metropolitan cities, posted at busy inter-
sections, are exposed to very high levels of pollution.
Their blood carbon monoxide level is 20 times higher
than that found in office environment, according to a
recent study conducted by AIIMS in collaboration with
the Central Road Research Institute.!? As per the
findings of this study, the concentration of oxides of
nitrogen at busy intersections was 5 to 12 times higher
than in the office environment. Particulate matter
concentration was found to be 2 to 6 times higher. This
particulate matter emanated from vehicle exhaust as
well as from the wear and tear of types and brake
linings. The particulate matter can penetrate into the
respiratory system causing lung tissue irritation and long
term disorders. Diesel particles may even be
carcinogenic. According to the US National Academy
of Sciences, the risk of developing cancer in individuals
exposed to diesel exhaust may be 1.42 times more. As
regards gaseous pollutants, mention also must be made
of ozone which is formed as a result of reaction between
hydrocarbons and organic compounds. It causes eye,
nose and throat irritation and may increase the
suspceptibility to infectious and pulmonary diseases. The
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net result of the above is that a higher percentage of
traffic policemen suffer from lung disorders such as
tuberculosis. The prevalence of lung disorders among
those exposed for more than 8 years to busy traffic
conditions was 2.7 times more than in those exposed
for a lesser period. The traffic policemen were also
found to have more risk of impaired hearing due to
noise pollution. The noise level was found to vary
between 76 and 82 decibels at various intersections
compared to the maximum recommended level of 65.
Furthermore, the maximum allowable duration of noise
exposure at these traffic crossings is 2 hours while the
traffic cops have to put in a minimum of 8 hours.1?

Prevention of Occupational Diseases

Specific prevention of some occupational diseases has
already been discussed. Prevention of occupational
diseases in general may be discussed under the following
five headings as per the classical approach of preventive
medicine.

HEALTH PROMOTION

Like any other segment of population, workers in diffe-
rent occupations should have positive health. Measures
recommended are as follows.

* Pre-employment or preplacement examination, both
medical and general, for adapting the job to the
worker and the worker to the job. The worker
should be assigned the job in which he fits. If he gets
job satisfaction, he will give better output and will
keep fit physically and mentally. Thus a man with
potential hernia should not be assigned the job of
weight lifting and a person with colour blindness or
poor vision should not be employed as a driver.

* Carrying out periodic health check up and giving
advice on nutrition, oral hygiene, rest and recreation.

*  Promotion of mental health: Workers’ problems at
home or at the job should be studied and solved.
Otherwise they may develop emotional difficulties
which may reduce work output and may make the
worker prone to accidents.

* Health education: Each worker should be educated in
healthy habits such as washingand cleaningand should
be educated to avoid hazards attached to his job.

* Provision of healthy physical environment is
important. This includes good lighting and
ventilation, effective temperature, washing and toilet
facilities, and cleanliness at place of work.

* Provision of welfare facilities such as insurance against
loss of job, illness and disablement, MCH and family
welfare services, creeche, place for having rest,
changing clothes and having meals and then first aid.

Recreation grounds and clubs.

* Limiting long hours of work, provision for rest between
work periods and liberalization of leave rules.

e Provisions of good housing.

SPECIFIC PROTECTION

This is done through specific measures which are partly
medical in nature but, to a large extent they are related
to engineering measures.

Medical Measures

* Immunization and other specific measures against
biological agents such as BCG vaccination against
tubercle bacillus, use of shoes against hookworms, etc.

e Protection of body against physical agents has
already been dealt with. Protection against chemical
agents is done by:

— Protecting skin by suitable clothing, gloves, shoes,
barrier cream, etc. and by washing hands and
body with soap and water

— Preventing inhalation by use of face mask

— Preventing ingestion by not taking food at the
place of work, washing hands properly before
taking food and rinsing of mouth.

— Health education: The worker is educated about
the particular occupational risks and about the
use of protective measures.

Engineering Measures

* Designing and construction of work place having enough
space, light, ventilation and comfortable temperature.

* Proper designing, layout, maintenance and regular
check of machines. Machines may be encased or
enclosed if feasible. They should have minimum
projecting parts.

* Modifications of machines and processes so as to
minimize their hazards.

* Training and education of workers.

* Appropriate measures to minimise the production
and spread of harmful agents (e.g. local exhaust sys-
tem for dusts).

* Cleanliness of work rooms and premises.

e Research on offensive and hazardous machines,
materials and processes.

It may be mentioned that every industry creates
pollutants in the form of smoke, effluents, noise, etc.
Pollution control requires the installation of sophisticated
and expensive equipment. However, the social costs of
pollution are far more significant. These include poor
health and the associated reduction in productivity of
people and the quality of life, the strain on medical
services, corrosion of buildings, degradation of land, and
the effect on flora and fauna which cause uncorrectable
imbalances. These costs are not only inevitable but much
higher than for installing pollution control technology.

EARLY DIAGNOSIS AND TREATMENT

There should be an occupational health team consisting
of an occupational physician and others depending



upon the nature of occupation. The team should:
undertake repeated surveys and periodical medical
check-up, investigate any occupational injury or disease,
and recommend measures for prevention and control.
Any injury and disease, acute or chronic, found by the
occupational health team or reported otherwise should
be treated promptly and adequately. The worker’s job
may have to be changed if necessary.

DISABILITY LIMITATION

Any worker detected to have developed the slightest
degree of disability due to an occupational hazard
should be immediately assigned some other suitable job
which may be free from the particular hazard. Other
specific measures may also be needed.

Rehabilitation

If an employee has been handicapped after injury or
illness, he should be given a suitable job to prevent
psychological trauma and to ensure his productivity as
a worker.

Occupational Health Legislation

There has been a tremendous growth of industries in
India after independence. As a result the problems of
health and safety for industrial workers have multiplied
manifold. A large number of workers are employed in
establishments not coming under the purview of the
Factories Act. They are deprived of health, safety and
welfare benefits available under the Act. They are deprived
of even the basic amenities like drinking water and toilet
facilities. Health cover for such workers is patchy and
inadequate except in a small number of progressive
industrial concerns and in the nationalized undertakings
like State Transport and Railways. The majority of the
industrial concerns either cannot afford, or are not
interested in giving total health care to the workers. History
reveals that the industrial revolution in the West paid
heavily in the form of ill-health, accidents, deformities,
tuberculosis, etc. This is a warning to planners in this
country. The responsibility for health, safety and welfare
of the workers should rest with the employers and the
Government. The Director General, Factory Inspection
and Advisory Service, advises the government, the
industries and the others concerned, about matters related
to health, safety and welfare of the workers.

The State protection to factory workers in India has
been ensured through various Central Acts, the most
important of which are the Factories Act, and the
Employee State Insurance Act. Only the extracts of these
Acts are given below to illustrate the health, safety and
welfare facilities provided so far by legislation. The Rules
in this connection are framed by the State Governments.

Factories Act, 1948

It came into force on April 1, 1949. Some of its
important provisions are summarized below.

Scope and Definitions (Chapter I)

The Act extends to the whole of India except Jammu

and Kashmir.

‘Factory’ means may premises including the precincts
thereof:

*  Wherein ten or more workers are working or were
working on any day of the preceding twelve months
and in any part of which manufacturing process is
being carried on with the aid of power or is ordi-
narily so carried on, or.

* Wherein twenty or more workers are working, or
were working on any day of the preceding twelve
months, and in any part of which a manufacturing
process is being carried on without the aid of power
or is ordinarily so carried on.

Health (Chapter I1I)

Sections 11 to 20 deal with provision of environmental
sanitation to promote and protect the health of the
worker. Some provisions are given below.

CLEANLINESS (SECTION 11)

Every factory shall be kept clean and free from effluvia
arising from any drain, privy, or other nuisance. Dirt
and refuse must be removed daily from benches, stairs,
floors, etc. Floors are to be cleaned by washing with
disinfectant (when necessary), once a week. Painting
and varnishing to be done once in 5 years (once in 3
years in case of washable water point).

DISPOSAL OF WASTES AND EFFLUENTS (SECTION 12)

Effective arrangements shall be made for disposal of
wastes and effluents arising from manufacturing process.

VENTILATION AND TEMPERATURE (SECTION 13)

Adequate circulation of air is required at temperature
convenient and not injurious to health. If work is in high
temperature, hot parts should be insulated or cooled
by other means.

DUST AND FUMES (SECTION 14)

If a manufacturing process emits dust or fumes or other
impurities, injurious to health of worker adequate
measures shall be taken to prevent their inhalation and
accumulation. If exhaust appliance is necessary for this
purpose, it shall be applied as near as possible to the
point of origin of the dust or fume.
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ARTIFICIAL HUMIDIFICATION (SECTION 15)

The State Government may prescribe standards of
humidification. If humidity of air is artificially increased
in a factory, the water used for the purpose shall be
taken from a public supply or other source of drinking
water, or shall be effectively purified before it is so used.

OVERCROWDING (SECTION 16)

Space for a factory worker shall be provided at the rate
of 14.2 cubic meters per worker. Space 4.2 meters
above the floor is ignored for this purpose.

LIGHTING (SECTION 17)

In every part of the factory, the management shall
provide sufficient light—natural, artificial or both.
Skylights be kept clean, and there should be no glare
from source or from reflection.

DRINKING WATER (SECTION 18)

* It should be sufficient, wholesome and provided at
convenient places

e All water points be marked ‘Drinking Water’ and not
be situated within six meters of a washing place,
latrine or urinal

e If more than 250 workers are employed, cool water
to be provided in hot weather.

LATRINES AND URINALS (SECTION 19)

They should be sufficient, easily accessible, well lighted,
kept clean by sweepers and separate for sexes of sanitary
type with walls lined up to 90 cm by glazed tiles. The
number of latrines and urinals according to Factory Rules,
made in terms of the Factories Act should be as follows:

Latrine Accommodation (Rule 41)

1 latrine for 25 females; for males, 1 for 25 up to 100
and one for fifty thereafter.

Urinal Accommodation (Rule 45)

1 for 50 men, two feet apart, up to 500 men; after that
one for 100 or part thereof.

Safety (Chapter 1V)

Sections 21 to 40 and the rules under this chapter
prescribe the precautions to be taken for safety against
injuries and accidents which are likely to occur while at
work in the factory. These include fencing of machinery,
nonemployment of young persons on dangerous
machines, protection of eyes by use of goggles,
precautions against fire, dangerous fumes, etc. Section
40-B provides for appointment of a Safety Officer in
factories employing 1000 workers or more.

Welfare (Chapter V)

The Sections under this chapter lay down specific welfare
measures which promote health and provide medical
care. Some provisions are as follows:

WASHING FACILITIES (SECTION 42)

Adequate and suitable facilities, separate for males and
females, should be provided at convenient places.

FACILITIES FOR SITTING (SECTION 44)

This section provides that where the workers are obliged
to work in standing position, suitable arrangements for
sitting shall be provided in order that they may take
advantage of any opportunities for rest which may
occur in the course of their work.

FIRST AID APPLIANCES (SECTION 45)

First aid boxes or cupboards with prescribed contents,
easily accessible, throughout the working hours be
provided at the rate of 1 for every 150 workers
employed of anyone time. Persons handling them
should be trained and readily available any time. If
more than 500 workers are employed, an ambulance
room should be provided with medical and nursing staff
and prescribed equipments.

CANTEENS (SECTION 46)

These shall be maintained by the employer if more than
250 workers are employed.

CRECHES (SECTION 48)

If more than 30 women are employed, suitable rooms
shall be provided to keep children under 6 years. The
accommodation should be adequate, lighted and venti-
lated. The creche should be kept under the charge of
a woman trained in the care of infants and children.
(Rules 80 to 83 of the Factories Rules made under Fac-
tories Act deal with refreshments, free milk, medicines,
change of clothes, washing, bathing and furniture to be
provided for the children and for the mothers who have
to come and feed the babies at regular intervals).

WELFARE OFFICER (SECTION 49)

A welfare officer has to be appointed when the number
of workers is 500 or more.

Working Hours for Adults (Chapter VI)

ADULT WEEKLY HOURS (SECTION 51)

It provides: “No adult worker shall be required or allowed
to work in a factory for more than 48 hours in a week.”



WEEKLY HOLIDAYS (SECTION 52)

It provides a holiday for or one full day each week.

DAILY HOURS (SECTION 54)

Not more than 9 hours a day.

INTERVALS FOR REST (SECTION 55)

Not more than 5 hours work at a stretch followed by
rest for at least half an hour.

WOMEN WORKERS (SECTION 66)

No women to be employed between the hours of 7
pm and 6 am.

Employment of Young Persons (Chapter VII)

Not to work in factory unless 14 years are completed
(Section 67). No child to work for more than four and
a half hours a day and not at night from 10 pm to 6
am (Section 71).

Annual Leave with Wages (Chapter VIII)

Leave with wage to be given at the rate of 1 for 20
days work to an adult and 1 for 15 days work to a
child, if they have worked for 240 days or more during
a calender year. Adult woman shall be given maternity
leave for 12 weeks, 6 weeks before and 6 weeks after
delivery (Section 79).

Special Provisions (Chapter 1X)

Certain accidents to be notified by the manager of the
factory to the authorities specified (Section 88).
Also, if any worker in a factory contract a disease
specified in the third schedule of the Act, the manager
shall send notice therefore to the prescribed authorities.
Some of the diseases are poisoning by lead,
phosphorus, mercury, manganese, arsenic, carbon
bisulphide, benzene, nitrous fumes, halogens or halogen
derivatives; chrome ulceration, anthrax, silicosis, toxic
anaemia, toxic jaundice; primary epitheliomatous cancer
of the skin; or pathological manifestations due to radium
or other radioactive substances or X-rays (Section 89).

The Employees State Insurance
Act, 1948

Welfare of the common man is one of the objectives
of the Constitution of India. An industrial worker is
exposed to ‘employment injury’ which includes
accidents and diseases related to his occupation. During
illness or employment injury, a worker faces fear of
economic, physical or even social ruin. Social insurance

or social security against this has to be provided by the
employer and the state. Efforts in this direction began
with the Workemen’s Compensation Act of 1923 and the
State Maternity Act which followed it. Passing of the ESI
Act (1948) was the most important step towards social
security. The act provides benefits in cash and kind in case
of sickness, maternity and occupational injury and thus
alleviates economic and physical suffering. The scheme was
first started in February, 1952 in the industrial towns of
Delhi and Kanpur and now it covers most of the industrial
towns in the country. The ESI Act of 1948 was amended
twice, once in 1975 and later again in 1984.

APPLICABILITY

The ESI Scheme extends to whole of India. The scope

of the Act has been progressively increased. The 1948

Act covered factories using power and employing 20

persons or more (excluding mines, railways and defence

services). The 1975 Amendment extended the Act to

the following:

* Nonpower using factories employing 20 or more
persons

* Powerusing factories employing 10 or more persons

* Road transport establishments

* Newspaper establishments

e (Cinemas and theaters

* Hotels and restaurants

e Shops.

WAGE CEILING FOR COVERAGE

Wage ceiling for purpose of coverage is revised from
time to time by the central government on the specific
recommendation of the corporation. At present the
employees drawing wages up to Rs.15,000/- per month
(excluding remuneration for overtime) come under the
purview of the ESI Act. An employee who is covered
at the beginning of a contribution period shall continue
to remain covered till the end of that contribution
period notwithstanding the fact that his wages may
exceed the prescribed wage ceiling at any time after the
commencement of that contribution period. Health
insurance scheme under ESI offer full medical care to
workers and their dependents without any ceiling on
expenditure.13

ADMINISTRATION

The ESI scheme is administered by an autonomous

body called Employees State Insurance Corporation

(ESIC) which meets at least twice a year. It is constituted

as below under the ESI Act, 1948.

* Minister for Labor—Chairman

* Secretary, ministry of labor—Vice Chairman

* 5 representatives of Central Government

* One representative each from the States and one
representatives of Union Territories
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* 5 representatives of employees and 5 of employers,
2 of medical profession and 3 Members of
Parliament.

* The Director General of the Corporation.

A Standing Committee, which meets 4 times in a
year, is constituted from amongst the members of the
Corporation. It has a strength of about 16, including
the Director General of ESIC who acts as the chief
executive for the Scheme.

Medical Benefit Council

It is an advisory body to ESIC. It consists of:

* Director General of Health Services;

* Deputy Director General of Health Services;

* Medical Commissioner of the ESIC;

* One member from each state, 3 representatives of
employees, 3 of the employers and a few from the
medical profession, of which one must be a woman.
The ESI Corporation is a policy making body, the

Standing Committee is an executive body and the Medi-

cal Benefit Council is an advisory body to advise on

organisation of medical relief.

Director General of ESI is the Chief Executive Officer,
assisted by 4 Principal Officers: (1) Medical Commis-
sioner, (2) Financial Adviser and Chief Accounts Officer,
(3) Insurance Commissioner, (4) Actuary.

The Corporation, as per S.25 of the Act, appoints
Regional Boards in the States, Local Committees and
Regional and Local Medical Benefit Councils. It
delegates them powers to administer the scheme in the
States. It also appoints Inspectors to inspect factories
regarding the benefits given to workers.

The ESI scheme is financed as follows:

FINANCE

The ESI scheme is a self-financing health insurance
scheme. The scheme is primarily funded by contribution
raised from insured employees and their employers as
a small but specified percentage of wages payable to
such employees. The covered employees contribute
1.75% of the wages, whereas as the employers
contribute 4.75% of the wages, thus total 6.50% of the
wages. Employers earning less than fifty rupees a day
as daily wage are exempted from payment of their share
of contribution. The state government as per the
provision of the act bears one-eight share of
expenditure on medical benefits within a per capita
ceiling of Rs.1000 per insured person per annum.

BENEFITS

Benefit to employee: Various benefits under the act that
the insured employees and their dependants are entitled
are as follows:

* Medical benefit

* Sickness-benefits

* Maternity-benefits

e Disablement benefit
e Dependents benefit
* Funeral expenses

* Rehabilitation benefit
e QOther benefits.

Medical benefit (in kinds): Insured employee and
their dependants are entitled to free full medical benefit,
which includes the comprehensive package of services
like primary medical care, specialist and diagnostic
services, in-patient care with provision for all super
specialist facilities. The medical benefit also includes
ambulance services, domiciliary treatment facility and
provisions of drugs, dressings and some appliances. The
primary care, out patient, in patient and specialist
services are provided through a network of panel clinics,
ESI dispensaries and hospitals, whereas the super
specialty services are provided through a large number
of advanced empanelled medical institutions on referral
basis.

The medical care is delivered by following two systems:

1. Direct system: ESI hospitals and dispensaries directly
deliver services. A dispensary with full time medical
officer and paramedical staff serves an area having
1000 or more ‘employees family units’; but part
time ESI dispensaries are established to serve an area
having less than 750 workers.

2. Indirect system or Panel system: In this system
empanelled private medical practitioners called
‘Insurance Medical Practitioner’ provide care to the
workers and their dependent family members.

Sickness-benefits: Sickness benefit is paid in cash to
the insured persons to compensate their loss of wages
in the event of sickness certified by an authorized
medical officer. It is admissible for 91 days in a year and
the cash benefit is equal to 50 percent of the wages.

Extended sickness benefit (cash): For some specified
long-term diseases like paralytic disorders, tuberculosis,
leprosy, coronary artery disease, psychosis, chronic
pulmonary disease, malignancy, fracture, etc. (34
specified diseases) that need prolonged treatment and
absence from work on medical advice are entitled for
the cash benefit for longer period of two years. Amount
payable in cash as extended sickness benefit is equal to
about 70 percent of the daily wages.

Maternity benefits: Maternity benefit is payable to
insured women in case of confinement or miscarriage
or sickness related thereto. For confinement, the benefit
is normally payable for 12 weeks, which can be further
extended up to 16 weeks on medical grounds. The
duration of benefit for miscarriage is 6 weeks. The rate
of payment of the benefit is equal to wage.

Disablement benefit (in cash): Payable for temporary
or permanent, partial or total disablement as a result



of employment injury (including occupational diseases).
Benefit for temporary disablement is paid at the rate
of about 72 percent of the wages for the duration of
disablement. For permanent total disablement, the
payment is made at the same rate for the whole life in
the form of a pension and at proportional rate in case
of permanent partial disablement.

Dependent benefit (in cash): It is payable to

dependents of insured person dying as a result of

employment injury. The payment is made according to

the plan prescribed.

* Widow of the deceased gets the benefit throughout
her life or until remarriage.

e Legitimate or adopted children are paid till 18 years
of age, (or till marriage in case of a daughter getting
married before 18 years).

Funeral expenses: On the death of an insured person
a sum of a maximum Rs. 2,500 is payable to the family
member to meet the funeral expense from local office.

Other benefits:

* Free supply of physical aids and appliances such as
crutches, wheelchairs, spectacles and other such
physical aids.

* Preventive health cares services such as
immunization, family welfare services, HIV/AIDS
detection, treatment etc.

* Rijiv Ghandhi Shramik Kalyan Yojana: Under this
scheme the insured person who are rendered
unemployed involuntarily due to retrenchment /
closure of factory is entitled for unemployment
allowance for a maximum period of 6 months during
entire services period provided along with medical
benefit.

* Rashtriva Swasthya Bhima Yojana (RSBY): Under
this scheme the ESI hospitals has been allowed to
expand their scope of services by offering health
cover to beneficiaries of the Rashtriya Swasthya
Bhima Yojana (RSBY), which provides health
insurance cover to people living below the poverty
line.

Rehabilitation benefit: Workers entitled to receive an

artificial limb are awarded a rehabilitation allowance, for

each day of their admission at the artificial limb center,

for provision or replacement of an artificial limb. The

rate is equivalent to the sickness benefit rate.
Besides the Factories Act and ESI Act, there are

several other Acts that have been framed to ensure

worker’s rights, safety, health and welfare. Some of

these are listed below.

* Mines Act, 1952

e Plantations Labor Act, 1951

* Motor Transport Workers Act, 1961

e Shops and Commercial Establishment Acts (State
Acts)

* Employment of Children Act, 1938

* Beedi and Cigar Workers (Conditions of Employ-
ment) Act, 1966

e Atomic Energy Act, 1973.

BENEFIT TO EMPLOYERS UNDER ESIACT

* Compliance under the act brings about healthy work
force and augmentation in production

* Discharge the employer from liability under other
labor enactments such as Workmen’s Compensation
Act, Maternity Benefit Act, etc.

e Saves from the imposition of interest/damages/
compensation/prosecution

* Employers get rebate under Income Tax Act on
contribution to ESIC

* Exempted from liability of organizing health case
services for employees

Worker Absenteeism

Absenteeism is a major factor affecting work productivity

and is closely related to a worker’s health as well as his

personal, domestic and social life. In the 5 million strong
work force of India working in the registered factories,

absenteeism has been found to be as high as 15 to 20

percent. In individual terms, it signifies an absence rate

of 8 to 10 days per head per year. The causes of
absenteeism are:

e Sociocultural causes related to domestic and social
factors such as joint family system, harvesting season,
fairs and festivals, quarrels, etc.

e Personal factors such as age, sex, separation from
family, alcoholism, addiction, indebtedness, perso-
nality not fitting the job, insufficient training, etc.

* Occupational environment including physical
environment (machines, work room, etc.) and social
environment (employer and coworkers, etc.)

* Natural illness such as malaria, respiratory diseases,
tuberculosis.

* Occupational injury due to accidents and harmful
agents in industry.

It should be apparent from the above that the first
two causes are not directly related to disease or
occupational hazard at all, while the third cause has only
some relation to occupation as a cause of ill health. The
last two causes alone are associated with absenteeism
directly arising out of ill health. It is thus implicit, and
amply borne out by facts, that only a small proportion
of worker absenteeism is due to sickness. However,
workers tend to avail of sickness benefits by claiming
the same for situations that, in reality, are not related
to sickness.

The solution to the problem of absenteeism lies
in dealing with the cause after thorough investigation
of the occupational environment of the workers.
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Their unions, industrial health team, management,
government, International Labour Organization (ILO)
and Industrial Research Institutes, all have to play
important role.

Some New Initiatives

ESIC PEHCHAN CARD™

Employees’ State Insurance Corporation is issuing two
hi-tech cards to all their workers. One for the insured
person and another for his family members. Temporary
or casual workers can also avail this facility.

Advantage of Pehchan Card

e Easy identification of insured person and family
members.

e Whole family can avail ESIC’s complete medical
facilities anywhere, anytime with this card in any ESI
dispensaries/hospitals across the country.

e This card is valid for life.

* Hassle free amendment of family member’s
description.

* In future, insured person’s medical history to be
available online, with every ESIC institution.

SKILL DEVELOPMENT INITIATIVE SCHEME
(SDIS) BASED ON MODULAR EMPLOYABLE
SKILLS (MES)®®

Ministry of labor and Employment has launched a new
scheme ‘Skill Development Initiative’ to train, test and
certify skills of youth population in the country to
increase employability, productivity to meet workforce
requirement as well as to improve global
competitiveness of industries. Focus has given on
certification of skills recognized nationality and
internationally.

Key Features

* To impart MES training and award certificates,
reimbursement of training cost and assessment fees
to successful trainees.

e Demand driven short term training courses based
on Modular Employable Skills (MES) are decided
in consultation with industry.

* Flexible delivery of training programs (part time,
weekends, full time, onsite/offsite) to suit needs of
various target groups.

* Courses are available for persons having completed
5th standard and attained 14 years of age.

e Persons with skills acquired through years of work
but without any formal certificate can get their skills
tested and certified.

INCENTIVE SCHEME FOR EMPLOYERS TO
EMPLOY PERSONS WITH DISABILITIES!®

Employers in the private sector, have a social respon-
sibility to provide employment opportunities to persons
with disability. The Government of India will bear the
employer’s share of provident Fund contribution on
wages upto Rs. 25,000 per month for three years in
case of employment of persons with specified disabilities
appointed on or after 01.04.2008.

Advantages

Such disabled persons covered under ESI scheme shall
be entitled to: medical benefit, sickness benefit,
maternity benefit, disablement benefit, dependant’s
benefit, funeral expenses, rehabilitation allowance,
vocational rehabilitation, old age medicare, medical
bonus, unemployment allowance (Rajiv Gandhi
Shramik Kalyan Yojana).
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Environment pollution may be described as the
unfavorable alteration of our surroundings and occurs
mainly because of the actions of man.! These actions
are of two types—those relating to reproduction and
those relating to industrialization. Population growth is
really the most important cause of pollution. The world
is overcrowded with people who consume resources
and create wastes. As regards industrialization, the
actions of man include excess energy consumption using
the earth fuels (coal and oil), synthesis and use of
various chemicals, and use of radioactive substances. It
is in view of the above that the two general indicators
of sources of pollution in various countries are the
population density and the gross national product
(GNP).1

Well-known environmental tradegies, like the cases
of mercury poisoning in Minamata (Japan), severe
smoke pollution episodes in London and the massive
oil spill caused by the Terrey Canyon accident reinforced
in people's mind, the sense that the quality of air, water
and a wide range of other natural resources was being
seriously degraded.

Pollution can be studied under the following six
headings:
. Air pollution
Water pollution
Soil and land pollution
Radioactive pollution
Thermal pollution
Noise pollution.

ORI

Air Pollution

Air pollutants are the materials that exist in the air in
such concentrations as to cause unwanted effects. Air
pollution may be described as the imbalance in the
quality of air so as to cause ill effects.! Air pollutants may
be natural (e.g. smoke from forest fires or volcanoes)
or man-made. We are concerned here mainly with the
latter. These are of two types—gaseous and particulate.

Gaseous Pollutants

These are substances that are gaseous at normal tempe-
rature and pressure. Substances with boiling point below
200°C are also included in this category.! Gaseous pollu-

Environmental Pollution

tants may be primary (those emitted into the
atmosphere as such) or secondary (those produced by
interaction of primary pollutants with the atmosphere).
Of the five gaseous pollutants described below, the first
four are primary while ozone is secondary.
Hydrocarbons are also primary pollutants.

CARBON MONOXIDE

This is one of the most abundant air pollutants. Its major
source is automobile exhaust. Hence, its concentration
shows marked diurnal variation in urban areas.

SULFUR DIOXIDE

It is one of the principal air pollutants. It is produced
by combustion of sulfur bearing fossil fuels and coal.
It is also produced in certain industries where sulfur ore
is roasted (copper, zinc, lead smelting industries), as also
in oil refineries and industries producing fertilizers,
paper, pulp and sulfuric acid. Sulfur dioxide is readily
absorbed by soil, plants and water surfaces. It causes
deterioration and corrosion of metal, cement, paints,
leather, paper, textile, etc.

HYDROGEN SULFIDE AND ORGANIC SULFIDES

Sulfides are very foul smelling. They are produced in
industries like paper, rayon, tar distillation, coke and
natural gas refining. However, they do not cause much
harm because effluents from these industries are usually
adequately processed in purifiers. Municipal workers
entering large sewers have died of hydrogen sulfide
poisoning.

OXIDES OF NITROGEN

These are very abundant air pollutants, second only to
carbon monoxide. Their chief source is automobile
exhaust, the other source being chemical industries manu-
facturing nitric acid, sulfuric acid and nylon intermediates.

OZONE

[t is a secondary pollutant. The chief culprit is
automobile exhaust. The nitrogen oxides produced
during petroleum combustion yield ozone in the
presence of sunlight. Ozone and hydrocarbons undergo
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photochemical reactions that produce aldehydes,
ketones, organic acids, acylnitrates and peroxy
compounds. These reactions particularly occur in the
smog, which is a combination of smoke and fog. The
sozone levels in atmosphere have not decreased in spite
of substained efforts.

Particulate Pollutants

These comprise both solid and liquid particles varying
in size from 0.1 to 20 microns. Smaller particles are
present in aerosols. The particulate pollutants may be
described as follows:

Dust

It consists of solid particles, usually 1 to 100 microns in
size. Sometimes particle size may be as small as 0.1 micron.

Fumes

These are particles below one micron, generally formed
from metals and metal oxides. Fumes are produced by
condensation of vapor by distillation, sublimation,
calcination and by other chemical processes.

Mist

These are liquid particles below 10 microns produced
by condensation of vapor. An example is conversion
of sulfur trioxide from gas to liquid (mist) form at 22°C.

Spray

These are liquid particles produced from parent liquid
by mechanical disintegration processes, such as atomi-
sation. The particle size varies from 10 to 1000 microns.

Smoke

It consists of solid and liquid particles 0.05 to 1 micron
in size produced by incomplete combustion of carbona-
ceous materials. It may be mentioned that though
incomplete combustion produces gaseous hydrocarbons
and oxides of sulfur and nitrogen also, only the solid
and liquid particles are termed as smoke.

Particulate contaminants comprise about 22 metallic
elements, the most common of which are calcium,
sodium, iron, aluminum and silicon. In addition, lead,
zinc, copper manganese and magnesium are also present
in significant amounts. An important source of lead in
atmosphere is the vehicle exhaust because lead tetra-
methyl is added to petroleum as an antiknocking agent.

Source of Pollution

It is convenient to classify the sources of air pollution
into four types.

STATIONARY COMBUSTION

An example is that of thermal power based upon
combustion of coal or oil. It may be mentioned that
the safest combustion is that of natural gas. This is
because of the low particulate content and minimal
sulfur content of natural gas.

Transportation

Example is fuel combustion in vehicular engines.

Industrial Processes

Cement and steel industries are particularly polluting.

Solid Waste Disposal

Burning of solid waste also causes air pollution.

Effects of Air Pollution

These will be described separately in relation to man,
animals, plants, materials and the atmosphere.!

EFFECTS ON MAN

The harmful effects of air pollution are most noticeable
on the respiratory system.

Gaseous Pollutants

Carbon monoxide is well known to cause death through
asphyxia related to methemoglobin formation. It may be
mentioned that the affinity of carbon monoxide to hemo-
globin is 240 times stronger than that of oxygen. Sulfur
dioxide is a very serious pollutant. At lower levels, it causes
bronchiolar smooth muscle spasm. At higher concen-
trations, it induces mucus production. Still higher
concentrations cause desquamation of mucosal epithe-
lium. The effect of sulfur dioxide is much greater in the
presence of an inert aerosol, such as sodium chloride.!
This gas is also toxic to eyes causing acute redness and
irritation. In the atmosphere it reacts with other
undesirable compounds to produce sulfuric acid droplets
which, when inhaled, cause lung damage. Sulfur dioxide
can also cause respiratory allergy. Ozone is a strong irri-
tant. It can cause pulmonary edema and hemorrhage
at very low concentrations. Among oxides of nitrogen,

nitric oxide is non-irritant while nitrogen dioxide is a

pulmonary irritant.

The main health problems caused by gaseous air
pollutants are bronchitis, emphysema, asthma and lung
cancer.

The relation between lung cancer and pollution can
be explained by the following:

e Polluted air contains carcinogens such as
hydrocarbons. Compounds extracted from polluted
air have produced cancer in experimental animals.

* Lung cancer mortality rate is higher in urban areas.



e Pollutant irritation can reduce ciliary action of
respiratory epithelium. However, it must be
mentioned that there is still lack of absolute evidence
that air pollution causes lung cancer.

Particulate Pollutants

The harmful effects of particulate matter depend upon
particle size. Particles above five microns in diameter
cannot penetrate respiratory mucosa. Particles of size one
micron and less penetrate the alveoli easily. Soluble aero-
sols are directly absorbed into blood from the alveol,
while insoluble ones are carried in the lymphatic system.
Important particulate pollutants include lead, beryllium,
cobalt, asbestos, silica and some forms of carbon.

Some well-known air pollution episodes include
those in Meuse volley, Belgium (1970, sixty deaths),
Donora, Pennsylvania, USA (1948, seventeen deaths)
and London (1952, four thousand deaths). In the Poza
Rica episode in Mexico, hydrogen sulfide leaked from
a refinery in 1952, killing 22 persons. The largest
industrial air pollution episode occurred in India in
1984, where methyl isocyanate gas leakage caused
20,000 deaths in Bhopal.2

EFFECTS ON ANIMALS

These are by and large similar to effects on man. In
addition, fluorosis can occur in animals when they
consume forage contaminated with fluoride containing
materials over a long time. This may result in lower
fertility and milk production in animals.

EFFECTS ON PLANTS

Sulfur dioxide, fluorine compounds and smog are the
three air pollutants of main agricultural concern. These
cause reduction in photosynthesis and plant respiration.
Sulfur dioxide can cause necrosis of leaf tissue. Short of
necrosis, leaf damage can result in depigmented patches,
a condition known as chlorosis. Cotton, wheat, barley
and apple are particularly sensitive to sulfur dioxide injury.
Fluoride damage is seen in many fruit trees.

EFFECTS ON MATERIALS

Smoke, grit, dust and oxides of sulfur are the main
pollutants causing damage to materials. Sulfur dioxide
is the worst pollutant because it gets converted to
sulfurous and sulfuric acid in the presence of moisture
and causes corrosion. Iron, aluminum, copper and their
alloys are thus liable to be corroded. The damage
caused is not serious, but is a big nuisance from an
esthetic point of view.

EFFECTS ON ATMOSPHERE

Fossil fuel consumption increases the carbon dioxide
concentration in air. Though CO, is not considered a

pollutant, it affects the atmosphere adversely. Carbon
dioxide absorbs heat very effectively. As a result, cooling
of earth by radiation is decreased and global warming may
occur. It thus produces what is called a greenhouse effect
(A green house is a glass house used in cold countries for
plants. It has little or no artificial heating). Carbon dioxide,
nitrous oxide and methane are called greenhouse gases.
In atmosphere, these gases allow the sunlight in but trap
the resultant heat, causing the greenhouse effect and global
warming. During last one and a half centuries, after the
advent of industrialization, the levels of carbon dioxide,
nitrous oxide and methane have increased by 25 percent,
19 percent and 100 percent respectively. In addition,
another class of synthetic chemicals, the chlorofluoro-
carbons (CFC) having a greenhouse effect have made
their appearance during this period.3

It is estimated that a doubling of CO, on earth will
result in an increase in its surface temperature by 1.3°C.
Global average temperature are already 0.6°C higher
compared to 100 years ago. During next 100 years, a
further rise of 2.5 to 5.5°C is expected.® A doubling of
CO, content on earth will result in raising the
temperature of earth’s surface by 1.3°C.

Prevention and Control of Air Pollution

This is achieved in three ways:

1. Proper selection and utilization of fuels: Burning of
coal produces more smoke while burning of oil
produces more sulfur dioxide. Accordingly, a proper
mix of fuel should be planned at the national level.
Indian railways had planned earlier to substitute coal
engines by diesel engines. This thinking is now being
revised so as not to eliminate the use of coal
altogether. At the international level most countries
in the West are gradually encouraging the use of
trains which had been minimized during the past few
decades. This is aimed at decreasing the oil
consumption by road vehicles.

2. Change of equipment of processes: An example is the
electrostatic precipitator which is a very efficient device
for preventing dust emission from fuel gases. It is used
as a routine in large power stations. As regards control
of gaseous pollutants it may be achieved by
combustion, absorption or adsorption of the pollu-
ting gases. Combustion is applicable in the case of
oxidisable gases produced in petrochemical, fertilizer
and paint industries, but the cost is high. Absorption
is achieved by transfer of gas molecules into a liquid
phase through the use of spray chambers, etc.
Adsorption has to be used when other methods are
not applicable. This method needs the presence of
large solid surface area. It is used for remowal of toxic
and foul smelling substances.

3. Site selection: This involves proper location of
industrial plants away from places of habitation with
due regard to meteorological conditions.

uoNN||0d [EIUBWUOIIAUT :0T YILdVHD

101



°
©
=
©
g
)
o
2
IS
9]
S
a
(YN}
l—
o
<
a

MOTOR VEHICLE EMISSION CONTROL

The main pollutants is motor vehicle exhaust are
hydrocarbons, carbon monoxide and oxides of nitrogen.
The hydrocarbons and oxides of nitrogen undergo further
reactions in the presence of sunlight to produce secondary
pollutants as described earlier. The techniques of control-
ling motor vehicle emissions include tuning, engine
modification and catalytic reactors. As regards tuning, the
concentration of carbon monoxide and hydrocarbons can
be reduced by keeping a high air fuel ratio. Engine
modification is aimed at more efficient burning of fuel.
Catalytic reactors oxidise carbon monoxide to carbon
dioxide while nitrogen oxides are converted to nitrogen.

Water Pollution

Water pollution refers to adverse changes in the compo-
sition or condition of water rendering it less suitable for
use.! These changes may be physical, chemical or biolo-
gical in nature.

Sources of Water Pollution

Three main sources of water pollution are industry,
municipal sewage and agriculture. Industrial effluents are
usually discharged directly into rivers, adding toxic
chemicals to water that are harmful for health. Industrial
effluents are also discharged into sewage system,
sometimes at high temperature. The heat and the
chemical compounds in the effluents adversely affect the
biological purification mechanism of sewage treatment.
The result is that the ‘treated’ sewage causes pollution
when discharged into rivers. Municipal sewage is the
second major source of water pollution. It contains
decomposable organic matter and microorganisms,
pathogenic as well as nonpathogenic. Agricultural
sources of water pollution include insecticides, plant
materials and fertilizers which are applied to crops and
find their way into water systems.

Types of Water Pollutants

Water pollutants can be of two types.

PHYSICAL AND CHEMICAL POLLUTANTS

These include organic and inorganic contaminants.
Mineral acids are present in discharges from chemical
industries like battery manufacture, electroplating and
DDT manufacture, etc. Organic acids are present in
effluents of rayon, leather and dying industry as also
distilleries. Soaps are present in soap manufacturing
industry effluents as also in municipal sewage. Certain
gaseous pollutants (ammonia, chlorine, hydrogen
sulfide, ozone, phosphene) are also present in effluent
of fertilizer, chemical and gas manufacture industries, etc.

as also paper and textile industry. Excess presence of
free chlorine in river water destroys fish and other
aquatic life, corrodes metals and can cause mucous
membrane irritation and even pulmonary edema in
humans.

Fertilizers are used nowadays at a large scale. Surplus
fertilizers not taken up by the crops are washed over
from land into rivers and lakes where the nitrates
contained in them cause undesirable side effects.
Similarly, farm waste can also pollute water. It may be
mentioned that a cow and a pig produce sixteen and
three times as much organic matter respectively as
compared to man. This fecal matter largely consists of
phosphate. The combined excess of nitrates and
phosphates can cause nuisance over large stretches of
water through eutrophication.

Sea water is contaminated through discharge of
pollutants via rivers as also by oil spills from oil tankers.
The oil film over sea surface prevents atmospheric
oxygen from aerating and purifying the water. Large
scale destruction of fish often accompanies large oil spills.

Synthetic detergents are now commonly used in
homes and industries. They are usually nonbiodegra-
dable, mainly because of the presence of alkyl benzene
sulphonate. These compounds can produce foams at
very low concentrations. The foaming action retards
aeration of river water causing damage to aquatic flora
and fauna.

BIOLOGICAL POLLUTANTS

These include primary and corollary pollutants. Primary
pollutants are the ones directly attributed to man'’s activi-
ties, such as bacteria and viruses in sewage. Corollary
pollutants are those, which are not directly attributable
to human endeavor. Examples are weeds and algae.
Bacteria and viruses may be pathogenic or nonpatho-
genic. The important pathogenic bacteria in water are
Salmonella, Shigella, Vibrio cholerae, Leptospira and
Pasturella tularensis. Among the viruses the most
important ones are polio virus and hepatitis virus. It is
important to remember that viruses are not attacked
by combined chlorine (in the form of chloramines and
other choloro derivatives). However, free chlorine (in
the form of hypochlorous acid or hypochlorite ion or
both) can be active against them.*

Effects of Pollution on Quality of Water

The harmful effects of water pollution have been
mentioned earlier. The changes in physical qualities of
water are described below.

COLOR

Color itself is not harmful, but esthetic considerations
render it unsuitable for human use. Color can occur



because of organic or inorganic substances. Organic
dyes can impart color even in micro quantities. For
example, magenta can impart red color at 0.02 ppm.
Examples of inorganic substances are iron and
chromium, which impart red color. Tannery waste
discharged into streams with high iron content causes
deep green or bluish color.

TURBIDITY

This is caused by colloidal particles, which do not settle
down, and fine particles which remain suspended and
settle down with difficulty. There is no sharp demarcation
between the two. Water turbidity is an index of pollution.
However, water may be clear, yet polluted with acids,
toxic substances or bacteria. Iron and manganese in water
can cause stains on clothes and sanitaryware.

FOAM

Foam is a suspension of air bubbles in water medium.
The primary reason for foam in river water and sewage
works in widespread use of syndets (synthetic deter-
gents). Foaming tendency is more in relatively clean
water and decreases as pollution increases. Even the
final effluent from sewage treatment plants contains
considerable amounts of syndet.

TASTE

Common industrial effluents imparting taste are iron,
chlorine and phenols. Others are manganese, syndets,
oils, petroleum products and hydrocarbons. Algae, fungi
and some bacteria also impart musty taste.

ODOR

The main types of smells in water are putrid (due to
hydrogen sulfide), fishy (due to organic amines), wormy
(due to phosphorus compounds) and earthy (due to
humus). Both odor and taste can be removed by aeration
and active charcoal. Ozone and chlorination are also helpful.

Soil and Land Pollution

The problem of land pollution differs from air and water
pollution in that the pollutants remain in place for long
periods. With the increase in population and use of
more and more land for buildings, the empty land is
diminishing while the amount of pollutants is increasing.
Land pollution is caused by solid and semisolid wastes
arising from agricultural practices and insanitary habits.

Types of Soil Pollution

Soil pollution can be described under four groups as
follows.!

BY INDUSTRIAL AND URBAN WASTES

Industrial wastes arise mainly from coal and metal mines
and the engineering and metal processing industries.
Urban dry wastes include commercial and domestic
wastes as also municipal waste in the form of dried
sewage sludge. Approximately 50 percent raw material
used in industry is ultimately discarded as waste, of which
15 percent is toxic or harmful. Most of the solid waste
is disposed off by land tipping. Garbage dumps constitute
breeding ground for vermin and insects. It is estimated
that 70,000 flies can breed in one cubic foot garbage.

BY AGRICULTURAL PRACTICES

Such pollution is caused by the following.

Fertilizers

When artificial fertilizers are used in excessive quantities,
these may be washed out into water system. This is
especially true of nitrates. Sometimes, the chemical ferti-
lizers are contaminated with other chemicals, which
pollute the soil where fertilizers are applied.

Pesticides

These include chlorinated hydrocarbons and
organophosphorus compounds, etc. These may find
their way into crops, particularly root crops grown in
soil. For example, lindane has been detected in carrots.

Other Soil Chemicals

These include soil conditioners and fumigants. Examples
are mercury, arsenic and lead compounds. These stay
in soil permanently and find their way into plant
products.

Farming

Cattle farming and poultries produce large amount of
waste. In this is not suitably disposed and is merely
dumped as garbage, it causes nuisance of smell and sight
in addition to public health problems.

BY RADIOACTIVE MATERIALS

The source of such pollution may be radioactive waste
from nuclear laboratories and industries or atmospheric
fall out from nuclear explosions. The latter is facilitated
by rains. A large number of radioactive substances can
pollute soil. Examples are strontium-90 and caesium-
137. Both have half-life around 30 years.

BY BIOLOGICAL AGENTS

Bacteria and parasites in human and animal excreta
contaminate the soil when hygienic excreta disposal
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facilities are not available. Open defecation in the fields
in rural and slum areas is the single most common
source. Discharge of untreated or incompletely treated
sewage on land and dusmping of sewage sludge also
cause soil pollution. The pollution, this, can cause be
rather long lasting. Ascaris eggs and Salmonella organisms
can survive on soil for 2 years and 70 days respectively.

In conclusion, one may say that soil pollution, some-
times referred to the third pollution (after air and water
pollution), is certainly widespread and needs to be
curbed. Solid wastes constitute the major cause of soil
pollution. The remedy lies in promoting hygienic habits
and use of biodegradable material.

Radioactive Pollution

Radioactive emissions are of three types, i.e. alpha, beta
and gamma rays, consisting of particles carrying positive,
negative and no charge respectively. The gamma rays
are identical to X-rays. Radioactive pollution is defined
as “Increase in natural background radiation emerging
from the activities of man involving the use of
radioactive materials, whether naturally occurring or
artificially produced.” The naturally occurring
radioactivity is of two types—cosmic radiation from outer
space and terrestrial radiation from radioisotopes in
earth’s crust. Cosmic radiation produces Carbon-14 and
Hydrogen-3 which reach earth in the form of carbon
dioxide and water. Naturally occurring radioactivity in
the earth’s crust is found in the form of ores of uranium
and thorium, potassium-40 and rubidium-87.

Environmental pollution occurs through the follow-
ing activities.

* Processing of uranium and thorium ores

e QOperation of nuclear reactors

* Testing of nuclear weapons

e Use of radiotracers in medicine, biology, agriculture
and industry.

Radioactivity from the polluted environment may
reach man directly or indirectly. Direct route includes
exposure to radioactive gases and radioactive particles,
X-rays, color TV sets, luminous dials of clocks and
watches, etc. Indirect route includes consumption of
radioactive particles through food chain. This may occur
through ingestion of (i) plants that have acquired
radioactivity from contaminated soil or water, (ii) animals
that have fed on such plants, (iii) animals living in conta-
minated water, (iv) irradiated foods, and (v) conta-
minated water having radioactive particles.

Radioactive pollution is distinct from other types of
pollution in that the effects are confined not only to the
exposed persons but also to the future generations. This
is so because of the genetic mutations caused by radiation.
Other major harmful effect of radiation is malignancy,
particularly leukemia. It may be mentioned that there
is no threshold or safe dose for radiation. Even a small

increase above natural background radioactivity can place
a person at risk. The maximum permissible doses of
radiation as recommended by the International Commis-
sion on Radiation Protection (ICRP), are as follows:!

Total lifetime dose: 200 rem. One rem (Roentgen
equivalent man) is the amount of radiation that will
produce an energy dissipation in man that is biologically
equivalent to one roentgen of radiation of X-rays or
approximately equals 1000 ergs/g. In turn, Roentgen (r)
is a unit of X-ray or gamma-radiation intensity. It is the
amount of radiation (gamma or X-ray) that produces one
electrostatic unit of electricity in one cubic centimeter of
dry air at normal temperature and pressure.

Weekly dose: The above lifetime dose amounts to 0.1
rem per week. The ICRP has recommended the limit
of 0.3 rem per week for a radiation worker with the
condition that the dose in any 13 weeks period should
not exceed 13 rem.

Yearly dose: 5 rem.

It is important to clarify that rem is a unit of radiation
energy while curie is a unit of radioactive disintegration.
One picocurie (micro-micro curie) means 3.7 x 1072
disintegrations per second. According to the Federal
Radiation Council, drinking water should not have gross
beta radiation above 1000 picocurie in the absence of
alpha emitters and strontium-90.

PREVENTIVE MEASURES
Storage and Discharge of Radioactive Waste

* Low activity wastes—These can be discharged into
sewers or streams. These should be stored for
sometime before discharge so as to reduce activity.

* High activity wastes—These cannot be discharged as
such. The radionuclides from such wastes are
segregated by coagulation, precipitation, or ion
exchange. The concentrated nuclide in solid form is
stored or buried. Waste water remaining behind can
be discharged.

e Very strongly active wastes—These cannot be trea-
ted and have to be stored indefinitely. These may
be buried under the ground or may be stored in
sea at a depth of 6000 feet in concrete filled stool
drums. The latter is a cheaper method.

Limitation of Emission of Radioactive Pollutants

Appropriate techniques during handling of radioactive
material can reduce the amount of emission. For
example, such handling may be carried out under a jet
of soil or water.

Dispersal

When emission can not be reduced, dispersal of
pollutants over a large area dilutes the pollutant and



decreases the risk. Proper ventilation and use of high
chimney help in dispersal.

Reduction of Individual Exposure

This can be achieved by:

* Reducing duration of exposure—The operation
should be carried out as quickly as possible. More
persons can be put on the job so that time taken
is less. Workers can be rotated so that exposure per
person is less;

* Maintaining safe distance from the source;

e Shielding by wearing lead apron, etc.

Thermal Pollution

The term thermal pollution is not wholly satisfactory
because heat itself is not a pollutant. This term is used
here to denote the impairment of the quality of
environment through an increase in temperature of air
or water. Thus, 80 percent of all water used in industry
is utilized merely as a coolant. Nuclear power plants and
thermal power stations are the major heat producers.

Thermal loading of water systems adversely affects

aquatic life as follows:

* As water temperature rises, dissolved oxygen
decreases and, conversely, oxygen demand increases.
The result is increase in anaerobic conditions and
release of foul gases. Also, aquatic organisms die out
because of lack of dissolved oxygen.

* Increase in water temperature makes the pathogenic
organisms more virulent, causing large scale death
of fish.

* Green algae grow at 30 to 35°C and blue green
algae at 35 to 40°C. Thermal pollution of water
promotes growth of blue green algae which is a poorer
food source and may even be toxic to some fish.

Global Warming

The future of the planet and human mankind is at stake.
Emission of greenhouse gases such as carbon dioxide
from the burning of fossil fuel for industry, power and
transport, and other human activities such as defores-
tation are warming the planet. Scientists believe an
average global temperature rise higher than 2°C would
lead to catastrophic climate changes. Sea level rise, crop
losses from erratic weather, deaths, disease and even
mass migrations as well as social upheavals are among
the myriad predicted impacts. There is a difference
between weather and climate. Weather consists of those
meteorological events, such as rain, wind, and sunshine
that can change day by day, even hour by hour.
Climate is the average of all these events over a period
of time, like a year or several years.

Global warming is the increase in the average
temperature of near surface of Earth. During the last

100 years due to huge industry and automobiles the
issue of global warming becomes an urgent and
emergent crisis which merits immediate action. About
two-third of solar energy reaching earth is absorbed by
the surface of earth. Rest of the heat radiated back to
atmosphere. Greenhouse gases like carbon dioxide traps
the heat; this trapping is essential for making the planet
inhabitable for human population. During the last 50
years, human activities affected global climate.®

DIFFERENT GREEN HOUSE GASES!?

Water vapor: One of the most abundant gases in the
atmosphere and builds up with the evaporation from
water bodies on the Earth.

Carbon dioxide (CO,): It is produced by the
combustion of fossil fuels and from forest fires.

Methane (CH,): 1t is released from animal husbandry,
irrigated agriculture and oil extraction.

Nitrous oxide (N,O): It is a by-product of burning
fossil fuels and is also released when ploughing farm soils.

Ozone (0O3): Ozone is both a natural and a man-made
gas, it is the main protective layer in the upper
atmosphere, which shields the Earth from the sun’s
harmful ultraviolet radiation. But when produced in
excess due to smog and severe air pollution, it becomes
harmful to human health.

Chlorofluorocarbons (CFCs): It causes depletion of
the atmospheric ozone layer. This chlorine-containing
gas used for refrigerators, air conditioners, etc.

The industrialized countries account for about
72 percent of total carbon dioxide emissions that have
accumulated in the atmosphere between 1950 and
2005. Between 1980 and 2005 emissions from the US
were double those of China and seven times the
emissions of India. But China and India are large
emitters. China’s absolute emissions are the highest in
the world, and India is the fifth highest emitter.

IMPLICATIONS

Climate has powerful impact on human civilization and
any change in existing climate will threaten to erode
human civilization.

Water stress and scarcity: Glacial melting poses a
serious threat by reducing stored water supply; that
would affect agriculture, environment and human
settlement. There is also a threat of flood due to
accelerated glacier melting.

Rising sea level: Sea level is also rising due to
increased disintegration of ice sheets, so chance of flood
in the coastal region.

Agriculture and food security: Climate change will
affect rainfall, temperature and water availability for
agriculture. Again, there will be expansion of draught
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affected areas. Loss of agriculture will lead to poverty,
unemployment, etc.

Ecosystem and biodiversity: Climate change will lead
to rapid loss of coral, wetland and forest. Coral is the
livestock of many marine fishes. Death of coral will
cause extinction of marine species. Loss of wetland and
forest will have a profound effect on human civilization
by increased risk of floods, storms, cyclones and will
endanger the live of polar animals. Average global
temperature is expected to rise by 0.2 degrees Celsius
per decade over the next 100 years.

Human health: Floods, cyclones will increase the risk
of some communicable diseases like cholera, diarrhea,
malaria etc. Extreme weather can lead to heat stroke
or hypothermia. Undernutrition may become a
problem due to scarcity of foods.

WHO has its slogan ‘Protecting health from climate
change’ in the year 2008 to draw attention from all
over the world.

‘Kyoto protocol’ emerged in December 1997,
highlighted opportunities and difficulties in trying to
achieve legally binding targets. The US never accepted
this protocol, insisting that large emitters such as China
and India should also contribute to the emission
reduction process. The protocol set a five percent
emissions reduction target for the industrialized countries
during the first period of the protocol—up to 2012.

The 15th UN climate change conference opened in
‘Copenhagen 2009’ with 192 countries, which was
expected to finalize strategies to reduce or limit emissions
of earth-warming carbon dioxide and other greenhouse
gases in the years beyond 2012 through different actions
by lifestyle changes of people. Reducing emissions may
be achieved through multiple clean energy initiatives.
New energy efficient appliances may cost higher than
low efficiency appliances. Consumers may have to bear
the burden if the government does not subside such
products. People may be coaxed to rely more on solar
energy for lighting or heating water.

The trouble with Copenhagen is not a disagreement
over the need for strong policy, as environmentalists seem
to think. The problem is that the world cannot agree on
how too cooperate. The roadblocks are costs and fairness.
US Policy is also not helping.® Over the last few years, in
anticipation of Copenhagen’s failure, a new approach,
Flexible Global Carbon Pricing, has been developed. It
preserves the central carbon-pricing goal of Kyoto, but
encourages cooperation by changing the climate game.”

Noise Pollution®

Noise can be defined as unwanted sound. In other
words, it is sound without agreeable musical quality.®
Sound travels in pressure waves. The “sound pressure”
can be expressed in two ways—(i) frequency of sound
waves, related to pitch of sound and, (ii) amplitude,
related to loudness. Unit of frequency is cycles per
second. Unit of loudness is decibel (dB).

Noise pollution has assumed alarming proportions.
Common sources are industry, transport and public
address systems. Listening to radio and TV at high
volume for long hours, can also cause noise trauma.

Levels of Noise®

Normal conversation is carried on at about 60 decibel
level. The Central Pollution Control Board of India has
set the safe limit for ambient noise at 55 dB for
residential areas and 65 dB for commercial areas. Zero
decibel represents the threshold of hearing. Moderately
loud noise covers 70 to 90 dB. Average and heavy city
traffic noise corresponds to 70 and 90 dB respectively.
Very loud noise spans 90 to 110 dB. Examples of 100
and 110 dB respectively are a farm tractor and a jet
plane flying 310 meter overhead. Uncomfortably loud
noise occurs at 110 to 120 dB, the latter level occurring
in discotheques. Noise at 120 to 140 dB can be labelled
as painfully loud. For example, a 50 horse power siren
30 meters away can produce a noise level of 140 dB.°

NOISE TRAUMA AND ITS PREVENTION’

This has already been discussed in Chapter 9 (Occu-
pational health).
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Biological environment is intimately related to infective
disease and its components can act a reservoir, (e.g.
cattle, rodents and man), vector (e.g. mosquito, ticks)
and agents of infection (e.g. bacteria). The biological
environment consists of plants and animals. The
discussion in this chapter will be limited to the latter, with
a major focus on medical entomology. However, this
does not mean that the components of vegetable
kingdom are not important for human health. Thus
bacteria and fungi are responsible for several diseases
while the food eaten may impair health if it is deficient,
excessive or toxic. Examples of food toxicity are
mushroom poisoning, ergot poisoning and lathyrism.
These aspects are discussed elsewhere in this book.
Animals constituting the biological environment may
be divided into vertebrates and invertebrates. Among
vertebrates, birds, especially parrots, can transmit psitta-
cosis and ornithosis while fish may be responsible for
allergy and fish tapeworm infection. Among inverte-
brates, protozoa, helminths and arthropods are well
known as agents and vectors of infection. In this chapter,
attention will be focussed on rodents and arthropods
along with the methods for destroying them as they
play a very vital role in epidemiology of many important
communicable diseases. Rodents will be described first,

followed by arthropods. In the end, control of insects
will be described.

Rodents

Rodents include rats, mice, and some field rodents such
as Bandicoots, Gunomys kok, marmots, Tatera indica,
etc. In Mumbai, some of the rodents like Bandicoots

Biological Environment

and Gunomys kok have become domesticated and
susceptible to plaque because the erstwhile field areas
have become inhabited.

DAMAGE DONE BY RATS

Rats are voracious eaters. One rat consumes its own
weight of food per month. Rats eat 1/5th of the food
grown by the farmer. Besides, they damage common
household articles. Rats serve as reservoirs of infection
also. Bandicoots and other field rodents can exchange
plague infection with domestic rodents. Thus, they may
serve as reservoirs of infection and maintain the disease
in interepidemic periods. Tatera indica has been found
to be a natural reservoir of plague. Various diseases
transmitted by rodents are listed in Table 11.1.

The magnitude of damage that rats can cause is evi-
dent from an interesting incident in 1938. Thousands
of rats burrowed tunnels under the Mohul Bhim
airport, 100 miles from Karachi in undivided India. The
ground vielded to the slightest pressure and no plane
could land safely. Rat trapping, poisoning and gassing
were all ineffective. The airport had ultimately to be
abandoned.

Common rodents that live close to man are:

* Rattus rattus, the gray or black domestic rat that lives
in inland districts.

* Rattus norvegicus, the brown rat that lives mostly in
seaport towns.

e Mus. musculus, the ubiquitous mouse.

Rats are larger than mice. Figure 11.1 shows the
difference between the two types of rats. The lower
diagram shows the difference between a mouse and a
young rat.

TABLE 11.1: Diseases transmitted by rodents

Disease Reservoir

Mode of transmission to man

¢ Plague and murine
typhus
¢ Salmonellosis

Mus. musculus
Mus. musculus and rats

¢ Leptospiral jaundice
(Weil's disease)

Rat bite fever

Trichinosis (Trichinellosis)
Rickettsialpox
Lymphocytic
choriomeningitis

Rats (especially Norwegian rats)

Rats
Mus. musculus
Mice, hamsters

Rats and, to a much lesser extent,

Rats and, probably, Mus. musculus

Through rat fleas

Contamination of foodstuffs by droppings and

possibly through rat fleas

Contamination of food and water by urine of

infected animals

Bite by an infected rodent

By eating infested pigment

Through a mouse bite (Allodermanyssus sanguineous)
A virus infection, possibly through direct

contact or airborne spread




°
©
=
©
g
)
o
2
IS
9]
S
a
(7N
l—
o
<
a

Roof rat
Rattus Rattus
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head + body Nose
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Tail Body
|
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Shorter than

head + body

Norway rat
Rattus nor vegicus

Young rat
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Large Large
I
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Small

Feiet
Small

House Mouse
Mus musculus

Fig. 11.1: Common rodents. “The upper portion compares the two
types of rats. The lower portion compares a mouse and a young rat”

HABITS

Normally nocturnal; during the day the rats remain in
their nests near the food. There is seasonal migration
of fields. They run along the walls and narrow passages
and move long distances. Mice move in the range of
3 to 7.5 meters and are not shy of new environments.

Rats can cut through hard surfaces including
concrete. They can pass through holes bigger than 1.25
cm. Burrow size is usually not more than 45 cm. Norway
rat is a good swimmer but the other two types cannot
swim. Some comparative characteristics of the three
species are given in Table 11.2.

Mouse is very small as compared to the rat. Differen-
tiation is needed only between the sewer rat and house
rat (Fig. 11.1). The former has a larger body, propor-
tionately shorter tail, ears and eyes and a blunt muzzle
or nose (which is pointed in the house rat).

RAT CONTROL

It should be in the form of an all out mass campaign
rather than piecemeal efforts. Assessment of infestation
should be made by special surveys by counting the
dropping, runs, fresh knowings and rat burrows. This
is also done by weighing of plain baits and an estimate
is made on the basis of consumption of flour at 10 g
per rat per day. Infestation is considered to be light if
the number is 20 rats per house, medium if 21 to 50
and heavy if over 50. Two main methods of control
are elimination and destruction.

Rat Elimination

e All food should be kept covered, or placed in wire-
net cupboards. The garbage tins should have well
fitting covers. Food grains and flour should be
stored in metal containers.
* QGutters should be trapped and windows closed at
night to prevent entry of rats.
* All existing rat burrows should be closed.
* Floors, roofs and walls of the house should be pucca
and should not provide hiding or breeding places.
e Household articles should be arranged in such a way
that no hiding places are created.
* Food grain godowns should be so constructed that:
— The floor of the godown is raised one metre
above the ground level

— No staircase connects the ground to the floor at
the gate of the godown

— A one metre wide ledge protrudes out from the
floor in front of the gate and

— Roof should be a slopping one and should pro-
trude out one meter from the walls.

TABLE 11.2: Comparative characteristics of sewer rat, house rat and domestic mouse

wt 275-500 g

3. Length of head and body 18-22.5 cm

4. Tall Smaller than head and
body combined

5. Ears Small

6. Food Eats fresh food, garbage
and other wastes

7. Droppings In groups

8. Habitat Seaports, ships, sewers

9. Swimming Swims well

S. No. Characteristic R. norvegicus R. rattus M. musculus
(Sewer rat) (House rat) (Domestic mouse)
1. Color Gray or brown Black, gray, brown, may have Brown or gray
but may be black white belly
2. Body Large and heavy Slender and slim. Wt 115 Small, wt less than 30 g

350 g, usually up to 225 g

16-20.5 cm 6.5-9 cm

Longer than head and body Varies

combined

Large, cover eyes when folded Small

Nibbles anything, can eat 11 g Prefers grain and

rice per day fresh food

Scattered, sausage shaped Scattered, fine spindles
Inland houses Allover

Cannot swim Cannot swim




Rat Destruction

Trapping: The spring trap or break-back trap is used
by placing it at right angles to the runs. It catches one
rat at a time. The wonder trap developed by the
Haffkine Institute, Mumbai is in the form of an elon-
gated cage which is claimed to catch as many as 25 rats
at a time. It is placed parallel to burrows. Baits used are
flour, chillies, or other staple food of the area. After
some time, the rats, but not mice, become trap-wise,
i.e. cautious. In such a case, camouflage by covering
the traps with gunny bags or torn pieces of paper may
be useful. Traps should not be oiled as oil repels the
rats. The trapped rodents should be killed by drowning.

Keeping predators: The cats are good to kill mice but
not rats. Terrier dogs are good at catching rats.

Fumigation or gassing: This can be done in case of
ships and heavily infected houses. Calcium cyanide
(cyano gas) is used for this purpose.

Calcium cyanide is insufflated into burrows to Kkill the
rats there. The burrows are then closed. Rooms can also
be insufflated through after closing and sealing the doors
and windows or hole in the doors or walls. The gas kills
not only the rats but also fleas and other vermin.

Poison baiting: This is done with the use of rodenti-
cides which are mixed with rat bait. There are two types
of rodenticides depending upon whether they have to
be used only once or repeatedly. Single dose or acute
rodenticides are listed in Table 11.3. Multiple dose or
cumulative rodenticides have to be given for three days
or more. They are anticoagulants that cause internal
hemorrhage and slow death over a period of 4 to 10
days. Their continued use led to development of
resistant strains of Norway rat in some countries. In view
of this, as also the need for multiple doses and the
potential toxicity to man, the use of cumulative
rodenticides is not common and is not recommended.
Examples are warfarin, coumafuryl, bromadiol, pindone
and diphacinone.!

The common rodenticides used in India are barium
carbonate and zinc phosphide. Barium carbonate occurs

TABLE 11.3: Acute (single dose) rodenticides

e Those requiring ordinary care:
— Zinc phosphide
— Red squill
— Norbormide

e Those requiring maximal precaution:
— Strychnine
— Fluoroacetamide
— Sodium fluoroacetate

» Those too dangerous to be used:
— ANTU (Alpha-naphthylthiourea)
— Thallium sulphate
— Phosphorus

Arsenic trioxide

Gophacide

as a white powder and is cheap and nontoxic to man.
It is mixed with flour in a proportion of 1 in 3 or 4 and
small balls weighing about 150 mg are prepared and
placed near rat burrows and runs. It is a weak
rodenticide and Kills the rats in 2 to 24 hours. As such,
it is no longer the rodenticide of choice.? Zinc phosphide
is the rodenticide now recommended for wide use.? It
is a black powder with the characteristic garlic smell of
phosphine which is liberated when the powder is moist.
Thus this substance is easily detected, thereby
decreasing the chance of accidental poisoning. It is an
efficient rodenticide, killing rats within three hours. One
part of zinc phosphide is mixed with 10 parts of rice
or wheat flour. A few drops of oil are added to provide
flavour and attraction for the rats. Rubber gloves should
be preferably used while handling zinc phosphide.
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Arthropods

MEDICAL ENTOMOLOGY

Entomology is a branch of zoology that deals with the
study of insects. Insects form nearly 3/5th of the arthro-
pods. They do man good as well as harm. They transmit
diseases like malaria, filaria, yellow fever, typhus,
relapsing fever, sleeping sickness, etc. By this, they have
influenced history, affected the progress of mankind and
decimated populations from time to time. The word
insect is often used in a wider sense to include other
arthropods, especially Arachnida. In this wider sense the
term medical entomology is applied to all arthropods
of medical importance.

The phylum Arthropoda is divided into many classes.
Only three of these—Insecta, Arachnida and
Crustacea—contain arthropods of medical importance.
A fourth class, Chilopoda, consists of worm like creatures
such as centipedes, which may bite man and inject
poisonous substances leading to local and general
symptoms.

Insects (also called hexapods) are broadly divided
into winged and nonwinged groups. Winged insects
have four developmental stages—egg, larva, pupa,
adult. They are divided into 24 orders including Diptera
(mosquitoes, flies, butterflies) and Siphonaptera (insects
with laterally compressed bodies that have lost wings
during the course of evolution because they have
become whole time parasites. Fleas belong to this
order). Nonwinged insects have three stages in the life
cycle—egg, nymph (which is sexually immature) and
adult. Examples of nonwinged insects are roaches
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(Order Orthoptera), bugs (Order Hemiptera, with
dorsoventrally flattened bodies) and lice and white ants
(Order Anoplura with bodies flattened dorsoventrally).
It may be mentioned that the bugs belonging to order
Hemiptera are true bugs, as against red bugs or chiggers
which are in fact six legged larvae of Trombiculoid mites.

Arachnids (octopods) have four pairs of legs and no
antenna. Three orders of class Arachnida are of medical
importance. These are Scorpionida (scorpions),
Arachnida (spiders) and Acarina (ticks and mites).*

Crustaceans (decapods) have five pairs of legs.
These primitive arthropods bear a shell or crust, hence
the name. The head and thorax form a single
cephalothorax. The abdomen is long. They use legs on
land and gills in water. They are divided into two
subclasses. Those in subclass Eucopepoda are small in
size (e.g. cyclops). Those in subclass Decapoda are large
in size (e.g. prawn, lobsters, crabs, shrimps and crayfish,
the last being an intermediate host for Paragonimus
westermani, the lung fluke).

The distinctive features of the three major cases of
arthropods are summarized in Table 11.4. The arthro-
pods of medical importance are listed in Table 11.5.
Those described in this chapter are mosquitoes, flies,
fleas, lice, bugs, scorpions, ticks, mites and cyclops, in
that order.

Transmission of Diseases

The modes of transmission of arthropod related diseases
are as follows.

Direct contact from man to man: For example,
scabies, pediculosis.

Mechanical transmission: For example, transmission
by housefly of microorganisms causing diarrhea, dysen-
tery, typhoid, conjunctivitis, furunculosis, etc.

Biological transmission: In this mode, the causative
agent of disease either multiples in the arthropod host
or undergoes some developmental change within it.
According, there are three types of biological trans-
mission.

1. When the agent multiplies within the arthropod,
without any cyclical change (Propagative type). An
example is the multiplication of plague bacilli within
the flea.

2. When the agent does not multiply but merely
undergoes a cyclical change within the body of the
arthropod (Cyclodevelopmental type). Examples are
the guinea-worm embryo in cyclops and filarial
parasite in culex mosquito.

3. When the agent multiplies as well as undergoes cyc-
lical change within the arthropod (Cyclopropa-
gative). The well known example is the malarial
parasite within the anopheles mosquito.

Certain terms commonly used in medical
entomology in relation to transmission of diseases are
defined below.

Vector: It is an invertebrate, whether arthropod or not,
that transmits infection either by depositing the infec-
tive material on skin, mucous membranes food or other
objects or by inoculating (through biting) the infective
material into or through skin and mucous membranes.

Definitive host: The host in which the sexual cycle of
the causative agent takes place (e.g. mosquito in malaria).

Intermediate host: The host in which the asexual cycle
of the causative agent takes place (e.g. cyclops in
guineaworm disease and mosquito in filaria).

Extrinsic incubation period: The period of time
needed by the causative agen t for development within
the arthropod host. For example, the malarial and filarial
parasites have an extrinsic incubation period of 10 to
14 days within the mosquito.

Infestation: This refers to the lodging development
and reproduction of arthropods on the surface of the
host’s body or in the clothing.

Mosquitoes

Mosquitoes are the most important arthropods from the
point of view of public health, being responsible for
more morbidity and mortality than any other arthropod

TABLE 11.4: Features of arthropods

Class arachnida Class crustacea

Class insecta
Major type Mosquitoes, flies, lice, fleas, bugs, roaches
Habitat Terrestrial
Body parts Three: head, thorax, abdomen
Wings 1-2 pairs, sometimes none
Legs 3 pairs
Antennae 1 pair

Ticks, mites Cyclops

Terrestrial Aquatic

Two: cephalothorax, abdomen Two: cephalothorax abdomen
None None

4 pairs 5 pairs

None 2 pairs

“The characteristic feature of order Acarina is that the head and abdomen are all fused into a single sac. The ticks (Family Ixodoidae) are
large and macroscopic. They possess few small hair and have an exposed hypostome with teeth. The mites are small and microscopic. They

possess plenty of long hair and their hypostome is hidden.




listed in Table 11.4. They will hence be described in
some detail.

LIFE CYCLE

It consists of four stages—Egg, larva, pupa and adult.

1. Egg: About one mm each in size, the eggs are laid
on the surface of water, 100 to 300 at a time, about
12 times in the life span of a female mosquito. The
male dies soon after mating. The female lives for
1-2 months. The eggs hatch into larvae in three to
four days (Fig. 11.2).

2. Larva: It rests and breathes near the surface of
water and wriggles about rapidly with darting
movements. It grows into pupa in about one week.

3. Pupa: It has a large head and a ventrally covered
body, which give it the appearance of an
exaggerated comma. It has a pair of breathing

TABLE 11.5: Arthropods of medical importance

Trombiculid mite
Cyclops

Arthropods Disease transmitted

Mosquitoes Malaria, filaria, yellow fever, dengue, Japanese
encephalitis

Houseflies Diarrhea, dysentery, gastroenteritis, cholera,
typhoid, paratyhoid, amebiasis, conjunctivitis,
trachoma, helminthic infections, yaws, polio,
anthrax

Sandfly Leishmaniasis

Tsetse fly Trypanosomiasis

Black fly Onchocerciasis

Louse Epidemic typhus, relapsing fever, trench fever

Rat flea Plague, endemic typhus, Hymenolepis diminuta

Reduviid bug Chagas’ disease

Cockroach Intestinal pathogens

Hard tick Tick typhus, viral encephalitis, KFD, tularemia,
tick paralysis, babesiosis

Soft tick Q fever, relapsing fever

Scrub typhus, rickettsial pox, scabies
Guinea worm, fish tapeworm

trumpets on the thorax. It develops into an adult in

about three days. During this period, it does not take

any food and moults more than once. The total life
cycle is completed in two to three weeks.

4. Adult: The male, smaller and more slender than the
female, is vegetarian and spends most of its time in
vegetation by the side of water. As a result, it is
seldom seen in houses. It is differentiated from the
female by the very hairy character of the antennae.
The female is aggressive and larger. It sucks the blood
of an animal (zoophilous) or man (anthrophilous),
this blood sucking being essential for lying eggs. The
palps have three segments and are tufted. These are
used as feelers or organs of touch while the antennae
are used to judge the air current. The female may
travel up to 3 km but usually only up to 1.5 km.
It sucks more blood when temperature and humidity
are high and the skin is moist.

Four genera of mosquitoes—Anopheles, Mansonia,
Culex and Aedes—are important from the point of view
of disease transmission. The first of these belongs to sub-
family Anopheline and the rest to subfamily Culicine.
The differences between the two are shown in Figure
11.3 and Table 11.6.

Mosquitoes of the genus Mansonia are biologically
different from others. They lay eggs in clusters on the
undersurface of water plants such as water lettuce, Pistia
stratiotes and water hyacinth. Larvae and pupae remain

Aedes

Anopheles

Adult Palp Short

Female Female
‘% Male % Male
Resting

Position

| <

Fig. 11.2: Life cycle of mosquito

Fig. 11.3: Characteristics of Anopheles, Aedes and Culex
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TABLE 11.6: Distinguishing characters of Anophelini and Culicini

Anophelini (Anopheles)

Culicini (Culex, Aedes and Mansonia)

Eggs a. Laid singly on water
b. Boat shaped with lateral air floats
Larvae a. Siphon tubes absent
b. Lie parallel to water surface
c. Have palmate hair on abdominal segments
Pupae a. Siphon tubes broad and short
Adults a. Sit against the wall at an angle so that

proboscis, head and body form a line
Quiet

Wings are spotted

d. Palpilong in male as well as female

@ ler

Laid in clusters or rafts of 100-250 (singly in case of Aedes)
Oval with no air floats

Two siphon tubes present

Hang at an angle

No palmate hair

Siphon tubes long, thin and narrow

Sit parallel to wall, the head and body are angled or hunch
backed

Make ringing noise in the ear (Aedes is quiet)

No spots

d. Palpi shorten in female

PP OTOPOTD
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attached to the rootlets. They have a long siphon tube
with a spine with which they pierce the plant and draw
the air required, never coming to the surface. The
adults, when mature, come out from below the surface
of water. They have speckled wings and legs. The palps
in the female are 1/4th of the proboscis in length. The
important Indian species are—M. annulifera,
M. uniformis, M. longipalpis and M. indiana
(Fig. 11.3). They are mostly found in rural areas.

Forty-six species of Anopheles have been found in
India. Only the following seven of these are vectors for
malarial parasite:

. A. stephensi

. A. culicifacies

. A. fluviatilis

. A. philippinensis
. A. sundaicus

. A. minimus

7. A. leucosphyrus.

Of the above species, A. stephensi is found mainly
in towns. A. culicifacies and A. fluviatilis are mainly rural,
the former with indoor and the latter with outdoor
resting habits.

The important Aedes (Stegomyia) species are A.
aegypti, A. vittatus and A. albopictus. These are mainly
found in the rainy reason and are sometimes called tiger
mosquitoes because of the stripes on their legs. Among
the culex (the common nuisance mosquito), the most
important species is C. fatigans.

NOCT A~ WD

DISEASES TRANSMITTED BY MOSQUITOES IN INDIA

* Anopheles: They transmit malaria.

* Culex: They transmit Bancroftian filariasis (W.
bancrofti), Japanese encephalitis and West Nile
fever.

* Mansonia: They transmit Brugian or Malayan filariasis
(caused by B. malayi) and Chikungunya fever.

* Aedes: They transmit viruses of dengue and chikun-
gunya fever in India. Yellow fever, not found in India,
is also transmitted by Aedes.

Mosquitoes also transmit disease from animal to animal
such as monkey malaria and avian (bird) malaria.

METHODS OF CONTROL

Integrated Vector Management (IVM)

Ideally, malaria vector control activities should be part
of a broader vector control management program. [IVM
entails the use of a range of biological, chemical and
physical interventions of proven efficacy, separately or
in combination, in order to implement cost-effective
control and reduce reliance on any single intervention.
Combinations of a number of methods will compensate
for the deficiencies of each individual method. It includes
safe use of insecticides and management of insecticide
resistance. Rotation of insecticides may be done so as
to prolong their effectiveness. It is based on the premise
that effective vector control is not the sole preserve
responsibility of the health sector but requires the
collaboration of various public and private agencies and
community participation.

Antilarval Measures

* Elimination of breeding places (Source Reduction):
It includes permanent measures such as—

— Filling of low lying places where water may accu-
mulate. This is particularly important for control-
ling breeding of Anopheles.

— Weekly emptying of household collections of
water, particularly to prevent breeding of Aedes.

— Covering drains, ditches, cess pools and sewers
near the houses, where Culex breeds.

— Removal of vegetation on shores of slow moving
streams where A. fluviatilis breeds.

— Removal of water plants such as Pistia stratiotes
and water hyacinth, manually or by herbicides,
checks the breeding of Mansonoides.

* Larvicidals: The breeding of mosquitoes can be
reduced by a variety of physical, chemical and
biological methods. Residual effect of larvicides
varies considerably with the water quality. The
higher dosages are indicated for polluted water.
Larvivorous fish are widely used in urban areas,
peri-urban areas and freshwater bodies in rural
areas. Following methods are being used to control
larval stage.



— Mineral oils: Kerosene, diesel, fuel oil and
malariol are used for this purpose. These oils
form a thin layer over water, thereby cutting off
the oxygen supply to larvae and pupae. They
also have probably a direct toxic effect on them.
Larvae die within 1-2 hours of application of
crude oil. The quantity of oil needed is 40 to 90
liter per hectare (one hectare = 10,000 sq m).

— Paris green (copper acetoarsenite): It is used to
kill surface feeding anopheline larvae. It is dusted
at the rate of 840 g/ha (one hectare = 100000
sq m) of surface. There are no hazards to human
beings and livestock at this concentration. Paris
green is sprayed over water as dust. This dusting
is not effective against culex larvae which are
bottom feeders. However, special granular
preparations of Paris green are available which
are effective against these also.!

— Svnthetic insecticides: The most effective larvicides
are organophosphorus compounds like chlor-
pyriphos, fenthion and Abate, which quickly
hydrolyse in water.2 Abate is the least toxic of
these and is very effective at a concentration of
1 ppm. Organochlorine compounds like DDT
and HCH are no longer used as larvicides
because of the associated effects like water
contamination and emergence of resistant vector
strains.

Biological control: Following methods are in use as

vector control measures—

— Larvivoros fish have been successful and widely
used biological control agent against mosquito
larvae in the top water. Two fish namely Gambusia
affinis and Poecilia reticulata, (common guppy)
have been extensively used for mosquito control
in the urban malaria scheme in India under the
National Anti Malaria Program. Gambusia is a
surface feeder, hence it is suitable for feeding on
both anophelines and culicines

— Use of biocides: The bacterium Bacillus
thuringiensis israelensis (Bti) and B. sphaericus
produce toxins which are very effective in killing
mosquito and blackfly larvae after ingestion. The
toxins formulation may be used in water or for
the irrigation of food crops to control vector.

— Insect growth regulators (IGRs). These are
chemical compounds that are highly toxic to
mosquito larvae by preventing their development
into adults. Their use has generally been limited
due to high cost and poor operational
acceptability, but may be useful where other
compounds cannot be used.

Antiadult Measures

Killing: The mosquitoes are killed in two ways by
contact poisons:

1. Space spray: Space spraying has been defined as

the destruction of flying mosquitoes by contact with
insecticides in the air. Unless applied during the
night, when most malaria vectors are active, it may
not be effective. Space spraying has very limited
indications for malaria control because operational
costs are high, the residual effect is low, requires
special and expensive equipment, and its efficacy is
often very dependent on the meteorological
conditions at the time of application. The commonly
used insecticides are pyrethrum, malathion and
fenitrothion. The latter two are sprayed by ULV
(Ultra low volume) fogging using specially designed
apparatus.® Pyrithrum may be used in the form of
fog or mist through special equipment. Pyrithrum is
a plant product (flower Chrysantheum cinearia
grown in Shimla and Kashmir). Active ingredient is
1 percent Pyrethrins and cinerins from extract of
flower.

. Indoors residual spraying (IRS): IRS is the

application of insecticides to the inner surfaces of
dwellings, where endophilic anopheline mosquitoes
often rest after taking a blood meal. The main
purpose of IRS is to reduce the survival of malaria
vector(s) entering houses. The selection of an
insecticide for IRS in a given area is based on data
on insecticide resistance, the residual efficacy of
insecticide, costs, safety and the type of surface to
be sprayed. DDT has comparatively long residual
efficacy (6 months or more) against malaria vectors
and plays an important role in the management of
vector resistance. With the development of
resistance to DDT in many parts of the world the
reliance on insecticidal approach continued with the
introduction of replacement insecticides such as
HCH/ Dieldrin, Malathion, Pirimiphos methyl,
Fenitrothion, Carbamates (propoxure and
bandiocarb) and synthetic pyrethroids, etc. WHO
recommends DDT only for indoor residual spraying.
Generally, all the interior walls and ceilings of
permanent human dwellings should be sprayed.
Two rounds of sprays are done for DDT and
synthetic pyrethroids to provide protection during
the entire transmission season. Three rounds are
required in case of Malathion since the insecticide
is effective for a shorter period only Table 11.7.

TABLE 11.7: Insecticides suitable as residual spray
against malaria vectors

Toxicant Dosage in  Average duration of
g/m? effectiveness (months)

DDT lor2 6 to 12

Dieldrin 0.5 6 to 12

Lindane 0.5 8

Malathion 2 8

OMS-33 (Propoxur) 2 8
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Current policy of insecticide use in India: DDT should
be the insecticide of choice for residual spray where it
is sensitive. If resistance is noted with DDT then
Malathion is the alternative choice; in case of resistance
to DDT and Malathion both then synthetic pyrethroids
is the choice. The use of HCH was banned in India in
1997 due to environmental concerns and partly due
to resistance.

For Mansonia, in addition to insecticides, herbicides
have to be used to destroy the weeds whose roots
support the larvae.

The various types of formulations used for sprays
are described later under the section Insecticides.

Genetic Control #°

Males sterilized by gamma irradiation and
chemosterilants are released. They mate with females
but the later produce unfertilized eggs which do not
develop further. This is a potentially useful method that
has yet to be tried on a large scale.

Prevention of Mosquito Bites

* Use of repellents: Diethyl toluamide (deet) and butyl
ethyl propanediol applied on clothes repels Culex
for 6-13 hours. Others in use are DMP indalone,
dimethyl carbate and ethyl hexanediol. They are
applied to the exposed parts of the body.

* Preventing entry into houses: Mosquito-proof wire
gauze (6 mesh) is used for this purpose on doors,
windows and ventilators.

* Sleeping in mosquito nets: (6 mesh) and using veils,
socks and gloves, etc. as necessary.

In regard to wire gauze and mosquito nets, it
should be ensured that the number of holes should
be at least about 25 per sq cm (i.e. 5 holes or 5
mesh per cm). It is preferable to use a net with 6
mesh per cm (15 mesh per inch).

Flies

Though less important than mosquitoes as vectors of
disease, the flies have a large variety of species. They
may be divided into two groups, the biting and
nonbiting flies. The biting flies include sandfly, tsetse fly,
blackfly and deer fly. Of these the sandfly is the most
important. The common example of a nonbiting fly is
the domestic fly.

SANDFLIES

They belong to order Diptera, family Psychodidae and
subfamily Phlebotominae. The proboscis of sandflies is
like a blade and not like a stylet as in case of
mosquitoes. Minute in size (1.5-3 mm), they have lot
of hair on the wings and body. The wings are hard and

stand out erect, forming a V. Flights are short and jerky
as they are too weak to fly against wind (Fig. 11.4).

The sandflies breed in cracks in the walls and in stone
heaps where there is enough nitrogenous waste. They
sting at night and the bite is painful. Itching persists for
sometime. Out of about 39 species of sandflies found
in India, those of medical importance are Phlebotomus
argentipes, P papatasii, P sergenti and Sergentomyia
punjabensis.

Diseases Transmitted

The sandflies are responsible for the transmission of kala-
azar (P argentipes), oriental sore (P, papatasiiand P sergenti)
and sandfly fever (P papatasii and P punjabensis).

Control

* Breeding is prevented by filling cracks and cervices
on the walls and removing any stone or rock piles.

* The adults are killed by indoor residual spray
insecticides like DDT and lindane in concentrations
of 1-2 and 0.25 g per square metre respectively.

* Repellents used on clothes or applied to skin such
as deet, DMP, etc. are effective against bites.

TSETSE FLIES

They belong to family glossinae and are limited to

equatorial Africa. They are brown in color and have the

same size as a house fly. Both male and female bite man

and suck blood. They attack domestic animals as well.
Two species transmit trypanosomiasis:

1. Glossina palpalis—It transmits Trypanosoma
gambiense and lives along water courses (hence
called wet fly).

2. Glossina morsitans—It transmits T. rhodesiense and
is sometimes called dry fly.

Fig. 11.4: Phlebotomus



Control

Insecticides used are organophosphorus compounds,
DDT and dieldrin.

BLACKFLY

They are of the size of a mosquito. They breed in
running water and are found in Africa. They transmit
onchocerciasis.

DEER FLY

Deer flies belong to the genus Chrysops. They are
yellowish in color and about one centimeter in length.
Their wings have dark and pale areas. The bite is
painful. They transmit loiasis, tuaremia and anthrax and
are found in Africa, USA and USSR.

Housefly

Houseflies belong to the family Muscidae. Their mouth
parts are adapted not to pierce the skin but to suck
liquids and small particles. They are also called filth flies
because of their filthy habits. They are one of the most
widely distributed insects. The common species is Musca
domestica. Other important species found in India are
M. vicinia, M. nebulo and M. sorbens.

Life Cycle (Fig. 11.5)

It is completed in 4 stages—egg, larva, pupa and adult,

and takes 10 to 14 days.

1. Eggs: They are laid five to six times in life, in batches
of 100 to 200 on excreta and other soft, moist and
warm filthy matter, especially horse litter. Glistening
white in color and about one millimeter in size, the
eggs, look like tiny grains of polished rice when seen
with the help of a hand lens.

2. M Larvae (Maggots): Eggs hatch into larvae in 8
to 24 hours. They feed on organic matter. Actively

Fig. 11.5: Developmental stages of the housefly

motile, white, legless, 1.2 cm in length, with a distinct
head, they grow rapidly and burrow into the food.
They shun sunlight and come out at night. They
migrate to dry earth to form pupae in three to five
days.

3. Pupa (Chrysalis): It is barrel shaped and about six
milimeter in length. It is initially pale yellow in color,
changes to red brown and finally turns black. It
represents a resting phase in the life cycle.

4. Adults: The adult fly emerges from the pupa in
about a week. Mating starts a few days later.

Habits

The housefly is a restless insect, moving continually
between food and filth. Its feeding habits are favorable
to transmission of pathogens present in the excreta. An
adult fly sucks, regurgitates, mixes, sucks again and
vomits out the liquid food. It tends to move towards
light and prefers to sit on strings and wires. It has a
remarkable ability to locate food. Infection is carried by
mechanical transmission (along legs, wings, body) and
by deposition of vomit and feces on food and drink.

Diseases Transmitted

The housefly can potentially transmit a large number of
diseases, e.g. typhoid, paratyphoid, cholera, diarrhea
dysentery, food poisoning, polio, impetigo, anthrax,
trachoma, etc. Maggots may invade human tissues and
produce gastrointestinal, genitourinary or cutaneous myiasis,
depending upon the mode of infection with the eggs.

Fly Control Measures

Elimination of breeding places:

e Sanitary disposal of wastes such as refuse (especially
garbage), horse litter and dung, human excreta and
sullage water.

* Food sanitation such as keeping all foods in wire
gauze or glass cupboards and containers with well
fitting lids.

e Tight packing of manure in trenches or pits to kill
larvae by heat.

e Provision of cement lined tanks or floors for stocking
cowdung so that larvae cannot burrow in the soil
to pupate.

Prevention of entry: Making the houses flyproof,
especially the kitchen and latrines, by putting wire gauze
screens in doors and windows.

Trapping: Using a Balfour fly trap made of wire gauze
in which the flies enter through a slit to sit on the bait
but cannot come out.

Manual killing: Fly swatters are useful devices to Kill flies.

Baiting: Baits may be used in houses, food establish-
ments, cattle sheds, etc. Examples are:
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* Adhesive fly paper: 500 g castor oil and 800 g resin
are heated together and the mixture is spread on
thick paper. Flies get stuck when they sit on the
paper.

* Tangle-foot paper: Glue 1 part in 3 parts of water
is spread on a paper which is placed in an arched
position.

* Strings and branches of trees: They may be dipped
in sugar or jaggery solution containing a toxicant
such as formalin, sodium arsenite or
organophosphorus compounds. The flies are
attracted and get Killed.

e Diazinon, dichlorvos, malathion, ronnel, naled,
dimethoate and trichlorion may be used in dry or
liquid baits. Sugar is used most often as a carrier.
Liquid baits consist of 0.1 to 0.2 percent of toxicant
and 10 percent of sugar or other sweetening agent
in water. Commercial preparations are also available.

Insecticide spray: Pyrethrum may be used for space
spray. Houseflies have become resistant to residual
spray with almost all insecticides—chlorinated
hydrocarbons as well as organophosphorus and
carbonate pesticides. For susceptible species diazinon 1
to 2 percent, malathion 5 percent, dimethoate 1.0 to
2.5 percent and ronnel 1.5 percent are effective. 2
percent lindane, 5 percent methoxychlor and 5 percent
toxaphene may also be tried at the rate of 4 liters per
100 sgm of surface. It may be mentioned that larvicidal
spraying at breeding sites of housefly is not
recommended. The reason is that this leads to
development of insecticide resistance.

Health education of individuals, families and the
community is essential for effective control.

Fleas

They belong to the order Siphonaptera and have
laterally flattened body but no wings. Thus they differ
from lice and bugs which are compressed dorsoventrally.
They feed on a number of hosts such as rodents, cats,
dogs, etc. Important fleas are those that migrate from
the animal hosts to attack man. These are listed below:

Pulex irritants or human flea: It is cosmopolitan in
habitat. It causes dermatitis and may transmit human
plague and endemic typhus. It is characterized by an
ocular bristle below the eye.

Xenopsvlla cheopis, X. astia and X. braziliensis:
These are oriental rat fleas responsible for transmitting
plague and endemic typhus. They are characterized by
an ocular bristle in front of the eye.

Nosopsvyllus fasciatus: This is the rat or squirrel flea
of temperate regions. It has got a prenatal comb only.

Ctenocephalus canis and felis: These are the dog
and cat fleas. They possess pronotal and genal combs.

Tunga penetrans or sandflea: It is found in the
tropical parts of America and Africa. It is not found in
India. It has an angular head.

Flea indices® are helpful in indicating the potential for
epidemic spread of plague in and around areas where this
disease is endemic. Various indices have been described.
The general flea index refers to the average number of
fleas of all species present per rodent. The specific flea
index similarly pertains to particular species of fleas.

Life Cycle (Fig. 11.6)

It includes egg, larval, pupal and adult stages.

Eggs: They are glistening white, about 0.5 mm in size.
They are laid in batches of 8 to 12 in the debris in the
cracks of floors, under carpets and in burrows, especially
where there are food grains and dry earth. They hatch
in two to hour days in summer and in about a week
in winter.

Larva: It is a white, active, legless maggot with scanty
hair on the segments of the body. It lives in dust and
feeds on the debris and feces of the adults. Its head is
brown in color.

Pupa: 1t is concealed in a cocoon spined by the larva. It is
seen in dirty and deserted placed and can remain dormant
for months. The adult usually comes out within a week.

Adults: After emerging, they get onto the hosts as
wingless insects. Both male and female are blood
suckers and the beak is provided with a siphon tube
for this purpose. Head and thorax are united at the
back. The legs have spines. The foot has five joints, the
last of which has a hook as an adaptation for jumping.

Fig. 11.6: Developmental stages of a flea



Diseases Transmitted

Bubonic plague, endemic typhus and Hymenolepis
diminuta infection.

Control Measures

* Rats, mice and other hosts should be killed and other
antirodent measures adopted.

* Dogs and cats should be dusted with 10 percent DDT
or BHC powder.

* For plague control the floor, walls (up to one meter
height) and rat-runs should be sprayed with organo-
chlorines such as DDT, gammexane and dieldrin.
Other insecticides such as diazinon, malathion and
carbaryl are used in resistant cases.

e Burrows and rat-runs should be insufflated with 10
percent DDT powder or cyanogas. The latter Kills
both rats and fleas. Diazinon 1 to 2 percent and
malathion 5 percent may be dusted where fleas have
become resistant to DDT or BHC. Resistance to DDT,
BHC and dieldrin is reported at some places in India
where spray was done repeatedly for malaria
control. Malarial spray has resulted in plague control
also as a collateral benefit because of the killing of
fleas.

* Flea bite should be prevented by use of repellents
applied to clothing. Deet (diethyl toluamide) and
benzyl benzoate are best for this purpose. Others,
such as DMP, may be applied on skin.

e Contact with hosts, especially field rodents, should
be avoided to prevent sylvatic plague.

Lice

These are blood sucking insects with a dorsoventrally
flattened body and clawed legs. Both sexes live on the
host itself. The following three species infest man
(Fig. 11.7):

1. Pediculus capitis (Head louse)

2. Pediculus corporis (Body louse)

3. Phthirus pubis (Crab or pubic louse).

Phthirus or crab louse

Pediculus

Fig. 11.7: Human lice

Life Cycle

It is in 3 stages—egg, nymph and adults.

1. Egg: The eggs (Fig. 11.8) are operculated with
ovoid shape and white color. They are often known
as ‘nits’. The head louse lays 3 eggs a day and glues
them to the hair. The body louse lays about 6 eggs
a day and sticks them onto clothes, especially in the
seams and linings. The crab louse lays 2 eggs a day
and cements them to pubic hair.

2. Nymph or larva: The eggs hatch in about a week
into nymphs or larvae which resemble the adults.
These moult 3 times and turn into adults in another
week.

3. Adults: Gray in color and 2 to 3 mm long, they
have a life span of one month. They can live for a
week without feeding. Head and body lice look alike
and interbreed. The head is conical, joined with the
thorax by a constriction. It bears a blood sucking
proboscis and two antennae. The head louse is
darker, smaller and brisker than the body louse. The
crab louse is 1 to 2 mm long and has a squarish
shape. It has a blunt, truncated head and strong legs,
hence the name. It is found in pubic and perineal
hair.

Louse bites cause irritation and sometimes, urticaria.

Prolonged infestation may result in deep pigmented skin

or melanoderma.

Diseases Transmitted

e P corporis and P. capitis transmit Rickettsia
prowazeki, the causative agent of epidemic typhus,
and quintana, the causative agent of trench fever.
The infection is transmitted through bite and feces.
The crab louse is not known to transmit any disease.

* The head and body lice also transmit Borrelia
recurrentis which causes relapsing fever. The
organisms enter the body when infected louse is
crushed on the skin.

* Dermatitis may occur due to scratching and
secondary infection.

Clothing
Fig. 11.8: Eggs of lice

Hair
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Control Measures

Prevention of Infection

* Contact with infested person, often a servant or a
fellow school child, should be avoided. Hat, cap,
comb, hair brush and clothes of an infested person
should not be used.

e The bedlinen and under clothes should be properly
washed and the hair combed as a part of personal
hygiene. If necessary, clothing may be dusted with
carbaryl powder in highly lousy surroundings.

Delousing Measures

Applying 2 percent DDT emulsion or dusting with
10 percent DDT were very effective previously. With
the emergence of DDT resistance, 0.2 percent
lindane in coconut oil should preferably be used. In
case of resistance to this also, 0.5 percent malathion
lotion (1% in case of body louse) is effective. The
lotion should be allowed to act for 12 to 24 hours
before the hair is washed. It kills both lice and nits.
Carbaryl dust may also be used as louse powder.3
An emulsion designated NBIN (68 percent benzyl
benzoate, 6 percent DDT, 12 percent benzocaine
and 14 percent Tween-80) applied after 1:5 dilution
in water is also effective against lice as well as nits.”
Leather, wool and silk may be deloused by soaking
them in 2 percent cresol and 50 percent soap
emulsion for one hour.

Bugs

The common bedbugs (Cimex lectularius and C. hemip-
terus) are not known to transmit any disease. The Redu-
viid bugs are known transmitters of Chagas disease in
South and Central America. Several species of these
bugs are known to transmit Trypanosoma cruzi, the
causative agent. Though Reduviid bugs have been
described in India,® they do not act as vectors of
infection.

The bedbugs (Fig. 11.9) are nocturnal in habit and
reside in the clothing and seams of linen. They emit a
stinking odor. Their bite is very painful. They feed on
blood, the feeding lasting for about 15 minutes. They
can fast for up to six months.

Ventral view

Fig. 11.9: Bedbug

Control

Bugs have become resistant to organochlorine insecticides
like DDT, gammexane and dieldrin. Diazinon in kerosene
oil is most effective but toxic. Other organophosphorus
insecticides and carbamates are effective. Malathion
resistance has also been reported.* Synergised pyrethrum
spray (with piperonyl butoxide, sesame oil and lindane)
is effective against bedbugs.

Scorpions

These octapods belonging to class Arachnida do not
transmit any disease. Their medical importance is limited
to scorpion bite which is painful and may sometimes be
poisonous. The bite of poisonous varieties of scorpions
may produce severe systemic reactions such as lymph-
adenitis, twitching of muscles, spasm and convulsions.
Patients may die of respiratory failure with pulmonary
edema within two to three hours of the sting. The venom
is probably a neurotoxin which acts peripherally.

Treatment for Scorpionism

A tourniquet is applied above the bite to prevent
systemic spread of the poison. The wound is incised and
the poison is sucked. Pain is relieved usually by a drop
of strong or dilute ammonia solution poured directly.
If necessary, 0.3 to 0.6 ml of 2 percent novocaine
solution with epinephrine is injected near the puncture
would to combat pain. If systemic dissemination occurs,
(indicated by profuse sweating, salivation, vomiting,
myoclonic twitching or abdominal pain), specific
antivenom should be given. Cortisone may have to be
administered.

Control

Sprays with 2 percent chlordane, 10 percent DDT and
0.2 percent pyrethrum in kerosene are useful to kill
scorpions. Dieldrin, BHC and organophosphorus
compounds are also effective as surface spray or dust.

Ticks

Ticks are blood sucking parasites. Their natural hosts are
domestic animals such as cats, dogs and cattle. They
attack man only accidentally. The two families of medical
importance are Ixodidae (hard ticks) and Argasidae (soft
ticks, Fig. 11.10). The hard ticks remain attacked to
the host while the soft ticks leave the host after feeding.

LIFE CYCLE

It consists of four stages (egg, larva, nymph and adult)
and is completed in two years (Fig. 11.11).

1. Eggs: They are laid on the ground in batches of
thousands and take 2 weeks to one month for hatching.



Fig. 11.11: Life cycle of tick

2. Larvae: Smaller than adults, they have only 3 pairs
of legs. They jump about to feed on small rodents,
then leave them, shed skin and develop into
nymphs.

3. Nymphs: They are octapods like adults adults are
sexually immature. They remain unfed for about a
year. Later on they feed on rodent or man, then
fall to ground and change into adults.

4. Adults: They hibernate for one year before sucking
blood of larger animals or man.

DISEASES TRANSMITTED

Hard ticks: Tick typhus (Rocky mountain spotted fever),
Q fever, viral encephalitis, viral hemorrhagic fevers (e.g.
KFD) and tularemia. They transmit babesiosis in animals
and may also sometimes cause human babesiosis. In
addition, they also cause tick paralysis.

Soft ticks: They mainly transmit relapsing fever.

CONTROL MEASURES

Dimethyl phthalate (DMP) is a good tick repellant,
especially against larvae. Clothes dipped in 5 percent
DMP and 2 percent soap solution retain the repellant
effect for one to two months. Infested animals may be
dusted with lindane, malathion or DDT.

Mites

Mites are parasitic to man and animals and produce
irritation of skin (acariasis). The mites of public health
importance are the itch mite and the trombiculid mite.

ITCHMITE (SARCOPTES SCABIEI)

The scab or itch mite is the causative agent for scabies.
[t is found allover the world. Infestation is more
common when living is congested.

All the four stages of the parasite (egg, larva, nymph
and adult) are completed in the skin, the development
from egg to the adult occurring in about two weeks.
The female makes zig-zag burrows and lays eggs deep
in the horny layers of the skin. Eggs develop into three
legged larvae, which enter hair follicles and grow into
nymphs and adult. The adult is 0.4 mm in length and
oval in shape with flat ventral and convex dorsal surface.
The spines and bristles on its body given it the
appearance of a hedgehog (Fig. 11.12).

The male dies after mating, leaving behind the ferti-
lized female to cause the disease. Places of predilection
for burrows are: interdigital webs, wrists, elbows, feet,
penis, scrotum, buttocks and armpits. Face, palms and
soles are always free in adults but may be involved in
children. The scabies mite can be located in the skin
with the help of the hand lens.

Clinical picture appears after sensitisation of the skin
over a period of a month or two. This can be called
the incubation period. To start with, erythematous
patches are seen around the burrows. These develop
into papules and vesicles. ltching is intense at night,
which leads to scratching and secondary infection.
Personal contact of prolonged nature, such as sharing
the same bed, is needed for infection. However,
transmission through bedlinen is not likely as mites
prefer the warm body. Off the host, the parasite dies
within two days.

Prevention and Control

e Direct contact with the infested person, or indirect
through undergarments, should be avoided. Proper
personal hygiene should be observed including bath
with soap and water.

Lateral

Ventral

Fig. 11.12: Sarcoptes scabiei
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* The infested persons and contacts should be treated
thoroughly with 3 to 5 percent sulfur ointment or
20 to 25 percent benzyl benzoate emulsion. The
patient should take hot bath with soap and water,
scrub the affected parts with brush, dry the body
with rough towel, and rub the medicine all over,
especially over the affected parts. He should then
put on clean clothes and take no bath for 48 hours.
The old clothes should be sterilised by boiling.
Second application may be necessary.

e Tetmosol 5 to 10 percent in soap is a good
prophylactic. Five percent tetmosol solution is a good
sarcopticides and can be applied three times a day.

* 0.5 to 1 percent BHC or Gamma HCH (lindane)
in coconut oil is a good sarcopticide when applied
on the affected part two or three times at interval
of two to three days.

TROMBICULID MITE (REDBUGS OR CHIGGERS)

Redbugs (Fig. 11.13) are the six legged larvae of mites
belonging to family Trombiculidae. They alone are
parasitic to man while the adults or nymphs live in the
soil. The parasitic larvae are called redbugs, chiggers,
harvest mites or scrub mites. Leptotrombidium
akamushi is found in Japan and L. deliens in India. Their
larvae are called red bugs because of their brick red
color.

L. akamushi larvae, when anchored to the skin,
inject saliva that produces irritation and causes tissue
reaction. They transmit Rickettsia orientalis, the causative
organism of scrub typhus, or tsutsugamushi fever. The
transmission is transovarial—the larva bites and becomes
infected and passes on the infection to nymph and adult
stages. The female transmits the infection to the ovum
from which the larva emerges and bites the fresh host,
thereby passing on the infection.

Prevention

Use of repellents protects against larval bites when sitting
on infected grass. Such repellents may be used on the
exposed parts (DBP or dibutyl phthalate) or on clothes
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Fig. 11.13: Trombiculid mite

(deet, benzyl benzoate). Clothes impregnated with DBP
remain effective for two to four weeks even if washed.

CYCLOPS

Cyclops or water flea is found in fresh water. It is
pyriform in shape and is dorsally convex. The head and
thorax are fused to form a bulbous cephalothorax while
the abdominal portion is narrowed. The head has two
pairs of antennae and small pigmented eyes. The size
does not exceed one mm and it is just visible to a
trained eye. Average life is three months. It is
responsible for transmission of guinea worm infection.

Insect Control

Insecticides

Insecticides are substances that kill insects. The term
pesticides is a general term including, besides insecticides,
rodenticides, herbicides, fungicides, disinfectants and
repellents. Till 1936, the major emphasis was on
inorganic chemicals such as arsenicals (Paris green),
fluorides, mercurials, hydrocyanic acid, sulfur dioxide
and methyl bromide. However, their use was restricted
because they are injurious to man and pets. Vegetable
poisons and chlorinated hydrocarbon were found to be
less toxic to man. From 1936 to 1945, plant insecticides
such as pyrethrum, rotenone, nicotine and certain
petroleum oils were widely used. They were effective
against insects but practically nontoxic to man. From
1945 to 1955 chlorinated hydrocarbons such as DDT,
BHC and dieldrin were put to extensive use but
resistance to them developed over a period of time.
Later on organophosphorus compounds such as
diazinon, malathion, parathion and dichlorvos became
popular. Though they are more expensive and more
toxic to man, they are effective against insects that have
become resistant to organochlorine compounds.
However, insects have started showing resistance to
them also. Some other chemical insecticides such as
OMS-33 (baygon), and OMS-29 (carbaryl) were later
developed. These are safer than organophosphorus
compounds if general precautions are taken.’
Increasing reports of resistance of insects to chemical
insecticides and their toxicity to man (direct and through
food contamination) is causing great concern.
Consumer hazards due to the increasing use of
pesticides in food and agriculture have been evaluated
by several expert committees. Organochlorine
compounds have been found to be persistent and
cumulative and there is evidence of their effect on liver
even in low doses.!® According to one study “Indians
ingest more pesticides through their food than any other
nation studied. The level of DDT in the body fat of
residents in Delhi has been found to be in the region



of 26 ppm on average—well above the maximum
residue limit of 1.25 ppm—the highest in the world.”11

The Environmental Liaison Center in Nairobi esti-
mates that 2 million cases of pesticide poisoning occur
in the world every year, of which 40,000 die. The inter-
national agency PAN (Pesticides Action Network) has
identified 12 worst offenders among the pesticides and
has labeled them as the Dirty Dozen.!! These are:
Campheclor (Toxaphene)

Chlodane (Heptachlor)
Chlordimeform (Galecron)
DBCP

DDT

The “Drins” (Aldrin/Dieldrin/Endrin)
EDB

HCH (Lindane)

Paraquat

Ethyl Parathion

11. Pentachlorophenol (PCP)
12. 2,4, 5-T.

In view of insect resistance and human hazards of
the existing chemical insecticides, newer insecticides and
newer methods of vector control are being tried. Two
important methods are biological and genetic control,
discussed later.

WA W=

10.

CHARACTERISTICS OF A SUITABLE INSECTICIDE

An insecticide, to be useful, should have the following

characteristics:

* It should be highly toxic to insects and not to verte-
brates.

* It should have persistent action or residual effect.

* [t should not be too slow in killing or paralysing the
insects.

* Insects should not develop resistance against it.

TABLE 11.8: Contact poisons

¢ [t should be economical, easily available and should
be soluble in or miscible with ordinary solvents.

e It should not spoil floors or paints.

e [t should not give unpleasant smell.

Classification of Insecticides

Insecticides may be grouped as contact poisons (pyre-
thrum, DDT, diazinon, carbaryl, etc.) stomach poisons
(sodium fluoride, formalin), fumigants or respiratory
poisons (HCN, methyl bromide) and larvicides (oils,
Paris green and some contact poisons). In addition,
insect repellents (DMP, deet, indalone) are also used for
protection from insects.

CONTACT POISONS?

These are substances that Kkill insects when the latter
come in contact with the substance. The insecticides are
absorbed by the cuticle of the insect and cause paralysis
of the nervous system. Most are synthetic compounds
(organochlorines, organophosphates, carbamates and
synthetic pyrethroids) while some are natural ones
obtained from plant sources. Contact poisons belonging
to different groups are listed in Table 11.8. They are
briefly described below.

Natural Products and Synthetic Pyrethroids

Pyrethrum: This is an instantly acting insecticide but is
effective for only a short duration being highly photo
degradable. It is extracted from flower heads of
Chrysanthemum cineariafolium which originated in East
Africa but is now successfully grown in Kashmir, Shimla,
and Nilgiri Hills.

Pyrethrum is the main insecticide used for space
spray and Kkills insects on their wings in rooms or other

Natural product Synthetic Organochlorines Organophosphorus Carbamates
(from plants) pyrethroids compounds
Pyrethrum Prothrin DDT Diazinon Propoxur or Baygon
Derris Resmenthrin DDD Malathion
Rotenone Bioresmenthrin Methoxychlor Dichlorvos Carbaryl
Allethrin HCH (BHC) Parathion Dimetilan
Lindane Chlorthion Pyrolan
Dieldrin Fenthion
Chlordane Abate
Heptachlor Dimethoate
Toxaphene Dioxathion
Kepone Fenitrothion
Aldrin Gardona
Endrin Naled
Mirex Methyl parathion
Trichlorphon
Chlorpyrifos
EPN
Ronnal
Trichlorfon
Dicapthon
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closed spaces. In the planes and ships, it is used largely
to check the spread of yellow fever from one country
to another. The active principle is an oily liquid, forming
1 percent by weight of dried flowers. The oil contains
4 complex esters pyrethrins [ and II and cinerins [ and
I, soluble in kerosene or other oils and organic solvents.
They are unstable and are destroyed by heat and
sunlight. They are harmless to vertebrates. 2.5 percent
pyrethrum solution in kerosene or an emulsion with
soap and water is required for 1000 cu ft of space (0.1
g/m3). The concentration of pyrethrins in this solution
is about 0.1 percent. After spray, the rooms should be
kept closed for about an hour. Piperine compounds,
piperonyl cyclonene and piperonyl butoxide, enhance
the action of pyrethrins and are good synergists or
adjuvants when mixed in the ratio of one part with 5
parts pyrethrum. The effect is quicker and more
persistent and the Kkill is greater. Sesame oil, though
weaker than piperine in synergic action, is also used as
it is cheap. Addition of 3 percent DDT also synergises
its action. Pyrethrum may be used as spray, dust or
aerosol. For the latter purpose, aerosol bombs or special
dispensing devices containing pyrethrum in liquefied
freon gas are used.

Rotenone: This is the active principle present in the
rhizomes of tropical legumes Derris and Lonchocarpus.
The roots are dried and powdered and used as insecticidal
dust. The active principle is extracted in organic solvents.
It was widely used against lice and fleas.

Allethrin is a synthetic compound acting like pyrethrin
but is more stable and persistent. It is also called
‘synthetic’ pyrethrin. It is less effective than pyrethrin even
in combination with synergists but is cheaper.

Organochlorines (Chlorinated Hydrocarbons)

Ten such compounds are listed below with varying spec-
trum of use. The most important of these have so far
been DDT and BHC, but their use is being grossly
curtailed now.

1. DDT (Dichloro diphenyl trichlorethane): It is a
white, odorless, crystalline, substance insoluble in
water but soluble in organic solvents like kerosene
oil. It has high residual toxicity lasting for 2-6
months. In the concentrations used, it is lethal to
the majority of common insects but not to their
eggs. It is absorbed from the skin and mucous
membranes, hence workers should wear gloves,
shoes and aprons and should use respirators in
closed spaces. Fatal dose is 250 mg/kg, i.e. 1.5 to
20 g for an adult. Cows fed on sprayed grass
excrete DDT through milk. This is a warning
against indiscriminate use of insecticides and
pesticides in the fields. DDT is a cerebrospinal
poison. The chief toxic symptoms are tremors,
paralysis and convulsions. It also injures the liver

and causes anorexia and vomiting. It depresses
bone marrow and may cause purpura. Dermatitis
is seen in some cases.

Treatment of poisoning is stomach wash and
general supportive measures. Phenobarbitone is
given to lessen excitement and to avoid convul-
sions. Other anticonvulsants may sometimes by
necessary. Sympathomimetic drugs should be
avoided in such patients, as there is risk of
ventricular fibrillation.

DDT has been variously used as 10 percent
dust (mixed with chalk or talcum powder, to kill
lice), 5 to 7.5 percent water suspension (for spray
over mud walls, etc.) 3 to 5 percent emulsion (for
cemented and polished surfaces) and as oily
solution for space spray when mixed with
pyrethrin. However, the use of DDT has been
stopped all over the world now, because of wide-
spread mosquito resistance. Moreover, DDT is
nonbiodegradable. It was decided to phase out its
use in India by March 1997.

2. Methoxychlor: It is a cream colored powder.

Toxicity being much less than DDT, it is the safest
chlorinated compound. Faster in action but less
lasting, it is used against flies, fleas, etc. as 5 percent
dust or solution.

3. Benzene hexachloride (BHC) or hexachlorocyclo-

hexane (HCH): In crude form it has as number
of isomers of which the gamma isomer alone has
the killing power. The crude form contains only
10 to 16 percent of the gamma isomer. It is
insoluble in water but soluble in organic solvents.
It acts on arthropods mainly as a contact poison
but, being volatile, it has fumigant action as well.
It is more effective and quicker but less persistent
than DDT. It kills most insects but not their eggs.
Fatal dose is 150 mg per kg. Toxic symptoms are
same as in case of DDT. The dust irritates the eyes
and respiratory tract. There is no specific antidote.
General measures are usually sufficient.

Lindane or gammexane is a preparation
containing 99 percent of the gamma isomer. This
is the form used most because of its potency.
Crude BHC is now seldom used. Gammexane is
used as a 0.5 to 1 percent solution for spray and
as 5 to 10 percent powder for dusting.

Like DDT, the manufacture of BHC in India was
to be stopped after March 1997 with concomitant
efforts to switch over from nonbiodegradable
insecticides like DDT and BHC to biodegradable
ones like melathone and synthetic pyrethroids.

4. Dieldrin: Named after Dr Diel, it is a chlorinated

cyclodiene, buff or light brown in color, more toxic
than BHC but equally persistent as DDT. Toxicity
to mammals is higher and it causes epilepsy like
symptoms in man. It is used for surface spray



against the insects resistant to DDT and BHC. As
a residual spray, the dose is 60 mg per sq foot or
600 mg per sq m. The effect lasts longer than DDT
and BHC, up to one year or more. Resistance
develops rapidly and is absolute.

5. Chlordane: It is a dark brown liquid, nearly
odorless, insoluble in water but soluble in organic
solvents. It is as persistent as DDT but more toxic.
It has been widely used against household and
industrial pests such as cockroaches, ants and
moths in clothes.

6. Heptachlor: 1t is related to chlordane but is more
toxic. It is used widely in agriculture.

7. Toxaphene: It is a yellowish solution, used in
combination with pyrethrum for knocking down
effect in oil sprays and in aerosols for control of
household insects.

8. Kepone: It is used in 0.125 percent strength as
bait for cockroaches.

9. Aldrin: It is closely related to dieldrin but is more
toxic. It is, hence, used more in agriculture than
for domestic use.

10. Endrin: It is also used more for soil and plant insects.

Organophosphorus Compounds

e Diazinon: The technical product is a pale to dark
brown liquid, soluble in organic solvents. Moderately
toxic to warm blooded animals, it is very effective
against household insects, especially those that have
become resistant to DDT and HCH. It is used in 0.5
percent strength.

e Malathion: It is a yellow liquid with unpleasant odor.
It has the lowest toxicity to mammals and is used
in 1 to 2 percent concentration for spray and in 5
percent concentration for dusting the household for
control of insects.

* Dichlorvos: It is a liquid, miscible with oil or wax. It
can be put in dispensers from where it spreads as
a fine aerial mist that kills flying insects such as
mosquitoes and flies. It is used to disinfect aircrafts
at a concentration of 15 to 25 mg per liter of air.
It is better than the synergised pyrethrum.®

e Parathion: It was earlier used widely. Its use is now
limited because of high toxicity. Outdoor use to kill
mosquitoes and flies may be feasible by
impregnating cotton strings or cords with it and
hanging them at a suitable place.

* Chlorthion: One percent solution is used against
resistant cockroaches. It is moderately toxic.

* Fenthion: It is used as granules containing 2 percent
of the poison for killing mosquito larvae.

Organophosphorus Toxicity

Most organophosphorus compounds inhibit cholines-
terases. A decrease in serum cholinesterase is a useful

indication of poisoning. If the level falls by 40 to 50
percent from normal, it is a danger signal for removal
of the employee from further contact with the pesticide.
Acetylcholine, normally inactivated by cholinesterase,
accumulates in blood and parasympathetic activity
increases. Early symptoms are sweating, salivation,
increased bronchial secretions, vomiting, colic, diarrhea,
blurred vision, muscular cramps and tremors.
Bradycardia, hypotension collapse, contracted pupil and
coma follow.

The symptom complex of increased secretions, asth-
matic breathing, muscle tremor and convulsions is
suggestive of poisoning. Death occurs due to pulmonary
edema and respiratory failure. Death may follow not
only accidental poisoning but also suicidal attempt.
Diazinon is frequently used in the latter case.

The treatment of cholinesterase inhibiting organo-
phosphate poisoning!? consists of:

* Complete rest

e Atropine (antidote) 2 mg IV slowly and repeated
every 10 to 12 minutes till pupils dilate. Smaller
doses may have to be continued for 24 to 28 hours

* Oximes (pralidoxime) 1 g in 5 ml water IV. If not
available, blood transfusions should be tried

* Frusemide (Lasix) 40 to 80 mg IV (for pulmonary
edema)

* Care of respiration

* General supportive measures.

It should be noted that atropine is virtually infective
against the autonomic ganglionic actions of acetylcholine
and against peripheral neuromuscular paralysis (which
is responsible for muscle weakness and respiratory
muscle paralysis). This is because the organophosphates
form a phosphate ester bond at the enzyme active site.
This bonding can be reversed by pralidoxime, marketed
by Unichem as paralidoxine methane sulphonate (also
known as PAM-Pyridoxine Aldoxine Methane
sulphonate). Pralidoxime is given in a dose of 1 g in
aqueous solution administered intravenously over a five
minute period. If adequate improvement does not
occur, the dose may be repeated three to four times
every 8 to 12 hours. Morphine, aminophylline and
chlorpromazine are contraindicated. Diazepam and
other anticonvulsants (phenobarbitone) may also need
to be given.

Carbamates

Carbamate compounds are safer than organophorphorus
compounds. Their residual effect persists for three
months. The toxic effects are similar to
organophosphorus compounds but are milder. No
cumulative effects are seen. The principles of treatment
are same as in case of organophosphates, except that
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1. OMS-33 (Baygon): The chemical name is O-
isoproxyphenyl methylcarbamate. It is used with
success as 1 percent spray against mosquitoes, flies,
bugs, fleas, and cockroaches.

2. OMS-29 (Carbaryl): The chemical name is anaphthyl
methylcarbamate. It is used as dip or wash for infested
animals is 0.5 percent strength and as dust (2-5%)
against ticks, fleas, culex, bugs and cockroaches.

STOMACH POISONS

Contact poisons act as stomach poisons also, especially

in case of bigger insects such as cockroaches. They are

absorbed from the midgut. Those which have been in

common use are:

*  Sodium fluoride: 2 percent watery solution has been
used for killing ants.

e Formalin: It can be used on strings to kill flies.

Fumigants

They are gaseous compounds such as HCN and SO,
that prevent cellular respiration. Fumigation requires
elaborate arrangements and involves high cost.

Cvanogas or Ca(CN),: Used with moisture, it liberates
HCN gas. It is very efficient but is also toxic to animals
other than insects and pests.

Sulfur dioxide: It has poor penetrating power, low
toxicity and a tendency to bleach dyes. As a result, it
is not used very much.

Methyl bromide: 1t is a colorless, odorless volatile liquid
2 to 3 times heavier than air. It is highly penetrating
and inflammable and spoils paints. It is poisonous for
man and has cumulative toxicity. It is used for
warehouse fumigation.

Chlorpicrin: It is a slowly volatile yellowish liquid used
as tear gas in the first world war. Some people prefer
it to hydrocyanic acid for household fumigation.

Carbon disulfide, carbon tetrachlor, ethylene dio-
xide, etc. can also be used.

Repellents

Repellents are chemicals that prevent or deter
arthropods from attacking men or animals. They are
used for individual protection when insect control is not
feasible. A good repellent should give protection for a
reasonable period (6-8 hours), should be nontoxic and
nonirritant to skin, should not spoil clothes, should be
easy to apply and should not have an unpleasant odor.
Some people are allergic to them. Most effective ones
in use are:

* Benzyl benzoate

* Butylethyl propanediol

e Deet (N, N-diethyl-m-toluamide)

* Dibutyl phathalate

* Dimethyl carbate

* Dimethyl phthalate

*  O-chlor-diethylbenzamide
e Ethyl hexanediol

* Indalone.

All purpose mixtures are also available. Examples
are:

e M-2020: It contains dimethyl phthalate (40%),

dimethyl carbate (30%) and ethyl hexanediol (30%).
e M-250: It has dimethyl phthalate (60%), ethyl-

hexanediol (20%)m and Indalone (20%).

Repellents are formulated as liquids, solid waxes,
creams and aerosols (in pressurized containers). They
are applied in two ways:

1. Rubbing on the exposed parts of skin by hand.
2. Impregnation of outer clothing at a standard rate of

20 g per m? or application of total 70 g to clothing

worn from head to foot. Emulsions or mixtures are

suitable for this purpose.

The level of protection depends upon the nature of
repellent, its dose, mode of application, nature of insects,
climate, etc. and varies from a few hours to weeks. Deet,
butylethyl propanediol and benzyl benzoate are best
suited for clothes and should not be applied to skin.
Ethyl hexanediol, dimethyl carbate. DMP and indalone
can be applied to skin. Benzyl benzoate and DBP are
not affected even if clothes are wetted but in the case
of others, clothes should be retreated if they become
wet. Repellents should be applied when clothes are dry.
Clothes should be retreated after laundering. Deet is the
best repellent against winged insects and benzyl
benzoate against fleas.

Larvicides

e Petroleum derivatives such as diesel oil and special oils
for mosquito larvae such as malariol are sprayed over
water surface at the rate of 20 to 50 liter per hectare.

* Borax is effective against larvae of houseflies.

* Paris green (Copper acetoarsenite) is a stomach
poison, available as a green powder, and is used as
1 to 2 percent dust or pellets (5%) after mixing with
ash or soapstone. It is sprayed on water surface at
the rate of 16 kg/ha with the help of ground
machines or aircraft.

Organochlorine and organophosphorus compounds
are also used as oily solutions for larvicidal purposes.

Safety Measures while Using Insecticides

e Wearing of protective equipment such as hats, plastic
net weils, light plastic caps, cotton overalls, rubber
boots, face masks and respirators (masks with
cartridge or canister) to protect against toxic vapors,
gases or droplet.



* Display of cautionary notices.

* Removal of worker at the earliest sign of poisoning.

* Removal of unabsorbed material from the body and
change of clothes.

e Early general and specific treatment.

Insecticide Resistance

Insecticide resistance has been defined as the develop-
ment of ability in a strain of insects to tolerate doses of
toxicants which would prove lethal to the majority of
individuals in normal population of the same species.!?
Most disease vectors have developed resistance to
common insecticides. This has caused a great concern
to public health workers and has upset the vector-borne
disease control programs.

Many species of anopheline mosquitoes have
become resistant to dieldrin and DDT. Increased
tolerance to malathion has developed in some species.
Fleas and ice in some places have become resistant to
organochlorines. Resistance to warfarin is reported in
R. norvegicus and Mus musculus.

Problems arising out of resistance against organo-
chlorine insecticides were solved to some extent by
organophosphorus and carbamate insecticides though
they are more expensive and toxic. Alternative chemical
insecticides and methods of control must be
continuously found to meet the challenge of insects.

Resistance has been found to be due to single
principal genes in nearly all cases. Usually DDT resistance
is recessive in nature while organophosphorus resistance
is dominant and that of dieldrin intermediate. Some
insects develop resistance to a specific insecticide while
others tend to develop resistance to insecticides in
general. Methods alternative to the use of insecticides,
being encouraged by WHO, are biological control and
genetic control.

Biological Control of Insects

Before introducing a biological control agent against the
pests, its effects on human beings and nontarget
organisms should be taken into account.

Predators: Introduction of larger animals to which the
pests fall prey has been used for this purpose. Two
species of mosquito fish, Gambusia affinis and Lebistes
reticulatus have been effectively used to control larvae
but their use is not extensive.

Several species of ‘annual’ fish (Cyprinodoxtids) can
be used for mosquito control in alternately flooded and
dry areas.

Pathogens and parasites: Coelomomyces fungus has
been used for control of anopheles and culex mos-
quitoes. Bacillus sphericus and B. thuringiensis have
been successfully tried as biopesticides against culex and
anopheles respectively.

Genetic Control

It has been defined as ‘the use of any condition or treat-
ment that can reduce the reproductive potential of noxious
form by altering or replacing the hereditary material.}* The
method that has received most attention is release of males
sterilized by gamma irradiation or by chemosterilants.
Insects are induced to feed on baits or to enter traps
treated with chemosterilants. This method has been
successtully tried for mosquito control. sterilized males are
released in large number. They mate with wild females in
natural population and nullify their reproductive potential.
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Social environment is as important as the physical and
biological environments in relation to health and
disease in man. The effect of social environment on
health is clearly reflected in the differences in morbidity
patterns of rural vs. urban areas and developing vs.
developed countries. Many important public health
problems are closely related to the lifestyles of people
in different societies. Examples of such problems are
obesity, coronary heart disease, hypertension, diabetes,
sexually transmitted disease, AIDS, psychiatric
disorders, suicides, accidents, alcoholism, drug abuse
and delinquency.

Socioeconomic and political factors are important
determinants of health. This is dramatically reflected in
the comment of Naina, wife of Boris Yeltsin, Prime
Minister of Russia that, “We have astronauts flying in
space ships, but we do not have enough wheel chairs”.!
In USA, in spite of the most sophisticated advances in
medicine, even family planning and immunization
services are not available free, as in India.

The term social environment denotes the complex
of psychosocial factors influencing the health of the
individual and the community. In view of the multiple
nature of factors involved, it may be more appropriate
to use the term psychosocioeconomic environment.
This environment is unique to man and includes,
cultural values, customs, habits, beliefs, attitudes, morals,
religion, education, income, occupation, standard of
living, community life and the social and political
organization.

Social Sciences

It is essential to have proper understanding of social
sciences in general and of sociology in particular in order
to fully appreciate the impact of social environment on
man. The five social sciences include Sociology, Social
or cultural anthropology, Social psychology, Economics
and Political science. The first three together constitute
the behavioral sciences, since they deal with the
behavior of man as a reaction to the conditions in the
society. A brief description of the scope of various social
sciences is presented below. Sociology, including medical
sociology, is described in greater detail.

Social Environment

Sociology

Sociology is the science concerned with the organization
or structure of social groups. It studies the kinds and
cause of variation in social structure; and the processes
by which the intactness of social structure in maintained.
It is the science of behavior of man in a society or group
of human beings. The behavior of man depends very
much upon his relationship with other fellow beings. Man
is the subunit of a small group, the family, while the
family is a subunit of society. Man’s behavior is affected
not only by his physical and biological environment but
also, to a much larger extent, by social environments
represented by his family, society and government. In
particular, the behavior or attitude of a child who is in
his formative years is affected by his parents, playmates,
schoolmates, teachers and neighbors.

The scope of sociology can be gauged from its
various specialities which include, among others,
medical sociology, occupational or industrial sociology,
educational sociology, urban sociology, rural sociology,
criminology and sociology of religion.

Society

Society is a major concern of sociology. In a layman’s
language society is a group of people. But the members
of such a group must be mentally aware of each other.
For example, a group of people standing in a queue
cannot be called a society. They are only aware of each
other at a physical level, acknowledging each other’s
physical presence. Communication at psychological or
mental level, which will establish them as a society, is
not present. They are aware of the presence of others,
but know nothing of their aims, aspirations, ideals and
needs. Thus we see that mutual awareness or reciprocal
recognition at the psychological level is a pre-requisite
to the formation of society.

On the other hand, patients admitted in a hospital
ward may qualify to be called a society or a social
group. They share a common factor of suffering and
often have common problems and aspirations.
Thereby they change from “individual” to “group”,
from “I” to “we”. This “we” feeling, the group feeling
that “I am not alone, there are many more like me”,



is the essence of society. In short, society may be defined
as an organization in which all members have social
relations among themselves. Sociologists define society
as “a system of uses and procedures of authority and
mutual aid of many groups coupled with division of
control of human behavior and liberty.”

ORIGIN OF SOCIETY

Society exists in animals also. The two basic instincts-

hunger and sex—are the two manifestations of a single

broad driving force or motive, i.e. the urge for survival.

If an animal eats, it does so in order to survive as an

individual. If it reproduces, it does so in order to survive

as a species. These activities give rise to a biological-social
network. Animals move in groups called herds. Group
activity gives a sense of security.

Let us consider how human society differs from
animal society. In order to understand this, we have to
trace the evolution of man. Six evolutional events have
contributed to ultimate development of human society.
These are described below:

1. Breastfeeding: With the change from oviparous to
viviparous mode of reproduction, mammals started
feeding breast milk to their young ones. This fostered
group life physically as well as mentally. Nourishing
the baby developed in the parents a sense of
attachment and concern. This was particularly
marked in man, in whom only one baby took birth
at a time and breastfeeding was prolonged.

2. Upright posture: This enabled man to free his
hands. As a result, man was enabled to manipulate
nature and perform various activities.

3. Development of thumb and its circumscribed
movements: On the one hand, this imparted extra
strength to hand in the form of clenched fist. On
the other, man was enabled to perform finer and
complex movements.

4. Development of brain: The above mentioned
bodily changes were accompanied by physical and
functional alterations of the brain. Brain kept on
developing, along with memory and language.

5. Controlled fertilization: Physiological and
psychological aspects of sex became more advanced
and complicated in man. Estrous cycle in mammals
was replaced by a regular menstrual cycle in man.
These regular menstrual cycles are helpful in two ways.
Firstly, conception can take place during any period;
secondly, it can be prevented also. Thus, in human
beings, there is a controlled fertilization. This is also
in favor of living together in a planned manner.

6. Cultural development: The above five elements
can be identified in many animals in varying degree.
But man has added one more component to the
above mentioned points, namely, the element of
culture. It can be simply understood as “An art of
adding experience”. This addition can be done by

telling something to the fellowmen of the same
generation as also to the next generation. So, with
this extra element, man has given himself the name
social animal. In contrast, animals either inherit
certain instincts or gain experience through hit and
trial approach which, however, remain limited to
their own life time. Man, on the other hand, learns
from the experience of others as well and can plan
for the future. In other words, he works in the
shadow of the past for a better tomorrow.

STRUCTURAL ASPECTS OF SOCIETY

Social institutions: A social institution is a social structure
through which human society organises, directs and
executes the multifarious activities required to satisfy human
needs. Institutions may be economical, political,
educational, religious and recreational in nature. Examples
are a school, hospital or parliament. Family, per se, is also
a social institution. It is described in detail later on.

Community: It is defined as the group, small or large,
living together in such a way that the members share
not one or more specific interests (like occupational,
educational, etc.) but rather the basic conditions of a
common life. The hallmark of a community is that one’s
life may be wholly lived within it. One cannot live a
whole life within a club or a business group. However,
one can live wholly within a tribe or a village or city.

Associations: Associations are groups of people,
united for a specific purpose or a limited number of
purposes and are based on utilitarian interest, e.g.
Junior Doctors’ Association. When an association serves
a broad interest and does so in an accepted, orderly
and enduring way, it may be called an institution, i.e.
as established way of doing things. An example would
be the Indian Medial Association.

The society is a web of social relationships. It is an
organization created by man for himself. Individuals in
a society are expected to play a number of roles
through their relationships. The strength of relationships
decides the nature of a group. These relationships may
be primary or secondary in nature. Likewise, the
character of the groups may be primary or secondary.
This is described in Table 12.1.

Doctor-patient relationship: The nature of Doctor-
patient relationship is a debatable topic. If we just look
at it from the physician’s point of view, it seems to be
a secondary relationship because:
e It is a professional relationship, i.e. business deal.
e [t starts from a particular date and it ends after the
treatment is over.
e It is transferable.
However, if we consider the relationship from the
point of view of the patient’s psychology, the following
points go in favor of a primary relationship.
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TABLE 12.1: Primary and secondary relationships and groups

Primary groups (Primary relationships)

Secondary groups (Secondary relationships)

Relationship is spontaneous, continuous and informal

No specific date to start and no specific end of relationship

It is a permanent group. There is a contact

The basis of group is Emotion

Relation is first. Motive is secondary

It is “face to face” or related with “we” feeling

The relation is present even if the group is not physically there
The relation is not transferable. It cannot be replaced by anyone
else the first one as in business deals

There is a unique sense of satisfaction attached with the
particular person

Example: Family, friends

Relationship is nonspontaneous, noncontinuous and formal

The relation starts on a particular date and ends with a specific date
It is a temporary group. There is a contract

Underlying basis is business

Motive is first. Relation is secondary

No such feeling

No relation or group feeling after the contract is over

It is transferable relation. Any person can come and replace the

There are no emotions and no such feelings are present

Example: Business deals, classmates, etc.

e Though the relationship starts after a particular
disease, it is often continuous in nature. Illness keeps
on occurring frequently and, by and large, patients
have a tendency not to change the doctor. Most
people have their family doctors, the relation with
whom is continuous.

* The doctor-patient relation is more than a mere
professional or money relation. Without an element
of emotion on the part of the doctor and without
an element of faith on the part of the patient, the
treatment cannot be fully unsuccessful.

* The relation is not transferable from the patient’s
point of view. For example, a patient wishes to see
the same doctor on a follow-up visit even in a
government hospital. If his own doctor is not
available, a patient would prefer to visit again and
see his earlier doctor rather than be seen by a new
doctor on each visit.

FUNCTIONAL ASPECTS OF SOCIETY

We have already said that society is an organization
made by man for himself. So he has framed the
procedures also. Every living organism has some basic
requirements and tries its best to satisfy them. In
animals, these needs give rise to the basic desires or
instincts which the animal tries to satisfy without
inhibition. In man, the biological forces trigger the desires
but, contrary to animals, there are social standards
which guide man. The resultant of these two forces is
the actual behavior, which we perform in society. A
newly born child is equivalent to an animal. Whenever
he feels hungry, he starts crying and keeps on crying
till his desire is fulfilled. As the child grows, he can tole
or can be made to understand that “please wait, food
is not ready” and the child can resist his hunger. The
day to day teaching and learning constitutes an
important functional aspect of society.

Social Norms

Every society specifies certain rules of conduct to be
followed by its members in certain situations. These

specified rules of conduct are technically known as social
norms. Various social norms and their origins are
explained in Figure 12.1.

Various types of norms, can be considered according
to— Range of acceptance and Range of enforceability.

Folkways: They refer to customary ways of behavior.
People conform to these ways not out of fear of being
penalised but because it is obligatory in the proper
situation. They are enforced by informal social controls
like gossip and ridicule. Their origin is usually unplanned
and obscure. Examples of such expected forms of
behavior include the ways of greeting, dressing, eating,
etc. Folkways vary from society to society and culture
to culture. Certain folkways may be common, but
otherwise they lend uniqueness to a culture. They are
necessary for the group solidarity. Vitality of a group is
indicated by the extent to which people follow or abide
by folkways.

Mores: Mores are socially acceptable ways of behavior
that involve moral standards. There is greater feeling
of horror about violating mores and greater unwilling-

Person x Situation === Action

Experience +
Perceptions +
Likes and dislikes
Useful action

Approved by J society
Repetition of action

Crystallization of action Informal expectations

(Folkways)
Action | Becomes
part of || personality
Internalization of action == Formal prescriptions
(MORES)
Externally mandatory action =
Written and
codified rules
(LAWS)

Fig. 12.1: Types of norms



ness to see them violated. While each folkway is not
considered tremendously important and is not
supported by an extremely strong sanction, each more
is believed to be essential for social welfare. Sanctions
are informal and the reactions of the group are
spontaneous rather than official action. This is
transformation of informal expectation (Folkways) to
formal prescriptions (Mores).

Taboos are the specific types of mores expressed in
negative. Examples are abstinence from beef, pork and
smoking in Hindus, Muslims and Sikhs respectively and
from marrying outside one’s own ethnic, caste or
religious group.

Laws: Some important mores are converted into law
in order to ensure implementation. This is the last step
in the formulation of rules of conduct in a society. Laws
are not only prescribed in written form but are enforced
through specific machinery created by society for this
purpose.

We can illustrate the concept of folkways, mores and
laws through the example of marriage. The institution
of marriage involves several obligations such as:

* Barat or the marriage party

¢ Performance of garlanding ceremony

* Bridal dress

e Seven rounds around the fire, i.e. Saptapadi in

Hindu marriage
* Some form of dowry, etc.

These obligatory ways are all expected to be per-
formed. Some of these may be violated, such as those
relating to the number of persons in the marriage party,
garlanding ceremony, dowry, etc. However, this is
condemned only at whispering level. On the other
hand, it is never expected that a boy may come alone
to the bride’s house asking the parents to send their
daughter with him. Some witnesses, at least, must be
present and Saptapadi must be performed. Without
these, marriage may be a nullity in law. Thus if the society
feels that its vital or organic essense is in danger due to
violation of some conduct or mores, these are written
and codified, e.g. Marriage Act, Anti-dowry Act, etc.

Customs and Habits

Custom is a broad term embracing all the norms
classified as folkways and mores. It refers primarily to
practices that have been repeated by a number of
generations, practices that tend to be followed simply
because they have been followed in the past. Customs
have a traditional, automatic, mass character. On the
other hand, a Habit is a purely personal affair, not
entailing any obligation. Examples are having a cup of
bed tea, smoking a cigarette after dinner, eating two
meals a day, bathing daily, etc. When habits are shared
for their necessity and are sanctioned by the society, they
are converted into customs in due course of time.

Etiquettes and Conventions

Etiquettes are concerned with choice of the proper form
for doing something in relation to other people.
Convention is merely an agreed upon procedure. Thus
entering a bus from the rear with exit from front is a
convention. When a procedure is adopted and repeated
time and again, it may become a rule.

Social Values

Like social norms, values also constitute an important
part of the selective behavior of man. Values refer to
those standards of judgment by which things and actions
are evaluated as good or bad, moral or immoral,
beautiful or ugly. Thus values are directive principles of
human action and serve as criteria of selection. Norms
and values are not the same things. It is said that norms
are the enactment of social values. Every society lays
down certain rules of conduct to support its value
system. Norms are repeated, sanctioned pattern of
behavior and their philosophical facet is the value. For
example, it is a norm that no man should be
differentiated in terms of sex, caste, color or creed while
practising the art of medicine. The value behind it is that
“all men are born free and equal.”

Cultural Anthropology

Anthropology is the study of man and his works. It has
two broad divisions. Physical anthropology is the study
of man as a biological organism. Cultural anthropology
is the branch dealing with man’s behavior and products.
Its major theme is culture, which is defined as the
accumulation of learned behaviors, beliefs, skills, etc. of
the mankind as a whole. The two main branches of
cultural anthropology are ethnology and archeology.
Linguistics is sometimes regarded as a third branch of
cultural anthropology. Ethnology is the comparative
study of cultures. Archeology is the study of past cultures
and civilizations and uses their remains as the principal
source of information. Linguistics is the study of speech
patterns of man, i.e. the study of languages and dialects.
Social anthropology is a specific branch of cultural
anthropology dealing with comparative study of kinship
and nonkinship organization patterns in different
societies.

Culture means socially inherited characteristics of
human groups. It comprises everything which one
generation can tell, convey or hand down to the next.
In other words, it has nonphysically inherited traits. The
Oxford English dictionary defines culture as, “the
training and refinement of mind, tastes and manners,
the condition of being thus trained and refined”. Man
is distinguished from animals by virtue of the fact that
he possesses a culture, i.e. he can speak, can frame
ideas and has manners, customs, etc. He is humanist,
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