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Preface

(Dr. Avneesh Singh)
Director General

The Directorate General Factory Advice Service & Labour Institutes (DGFASLI),
has been in the service of the nation for more than seventy years in the field of
occupational safety and health (OSH). The Organization has grown not only in its size
and stature but also in its activities enormously during the last few decades.
The activities of the institutes are geared to improve work methods and working
conditions so as to enhance the safety, health and productivity of the industrial workers
and in general, his quality of work life. Industrial Medicine Division is one of the important
division of this organization, established to prevent health hazards at the workplace
brought in by industrialization. Occupational health studies and surveys on industries
manufacturing asbestos, dyestuff, cement, chemical, engineering and ports handling
such products are carried out to assess the incidence of occupational diseases. The
division runs a National Referral Diagnostic Centre to diagnose occupational diseases.
Suitable recommendations such as medical surveillance, use of personal protective
equipment, facilities for personal hygiene and first-aid are made to prevent and control
health hazards.
In this manual the information about occupational diseases and prevention is
given to minimize injuries & illness at workplace. It covers most of the topics to prevent &
promote health of workers at workplace. The Organization has taken up various new
activities to keep pace with the emerging trends, priorities and current scenario in the
field of occupational health and for meeting the challenges in dissemination of
information.
It is hoped that this manual will serve as a useful reference to those committed to
the cause of occupational safety and health not only in India but also all over the world.

(Dr. Avneesh Singh)
Director General
	
  
	
  

Section : A

OCCUPATIONAL HEALTH
Chapter - 1 : OVERVIEW OF OCCUPATIONAL HEALTH
1.1 Introduction to Occupational Health in Industry

RELATIONSHIP BETWEEN OCCUPATION & HEALTH
Occupational diseases are those which may arise out of or in the course of employment.
The working environment has got direct effects on the health of persons who are present
in the area. The environment may be responsible in causation of occupational diseases
or in exacerbation of other non-occupational diseases. The state of health of the worker
can influence his ability to work safely and efficiently. The environment factors, such as
presence of contaminants in the air; physical factors like heat, humidity, noise, radiation,
etc. have got effects on the health status of workers. Their health can also be adversely
affected by high concentration of substances like metals, pesticides dyes, carcinogenic
agents, gases, fumes, asbestos fibers, etc. moreover, new chemical substances are
introduced for manufacture and use in industry. Workers exposed to all these toxic
agents are at risk of suffering from their harmful effects. It is therefore, of vital importance
that the employees who are required to work in industries are protected and kept in a
healthy state.

	
  
	
  

MODE OF ACTION OF HAZARD
FACTORIES: ACUTE AND CHRONIC HEALTH EFFECTS.
The main avenues of entry of toxic materials into human body are: inhalation, skin
absorption and ingestion.
INHALATION:
Inhalation is by far the most important route of takes intake of airborne contaminants. In
an industrial environment various substances like solid, liquid or gases dissipate into the
air. In the process of breathing these air-borne contaminants come in contact with the
respiratory system and some contaminants eventually find their way into the lungs. The
respiratory system serves as the portal of entry into the body for a great variety of airborne substances, both gaseous and particulate. Many of these contaminants are
capable of producing injury and diseases when they are deposited and accumulated in
sufficient amount in the lungs or after transfer from the lungs to sensitive sites deeper
within the body.
ABSORPTION THROUGH THE SKIN
Many gaseous and liquid materials are absorbed to a limited extent through the intact
skin. When this occurs, the predominant action of agent is local, at the point of contact,
or systematic. In cases where the action of agent is local on the skin, many types of
dermatoses may occur. Appreciable skin absorption occurs with certain liquids of low
volatility. Phenol, cresol, nitro-benzene, aniline, tetraethyl lead and many of the organic
phosphate insecticides, such as parathion and TEPP may pose a greater hazard through
skin absorption than through inhalation. Absorption of solid material through the skin is
not common.
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DIGESTION:
Ingestion of toxic materials may result from many sources such as contaminated food
and beverages. Putting fingers into other contaminated objects and then into the mouth.
Ingestion of toxic substances along with food in workroom, where workers are careless is
common. Compared with inhalation, ingestion plays a minor role in the absorption of
toxic material in industry.
METABOLISM AND EXCRETION
Once absorbed into the body, this toxic effect of the agent is regulated by the metabolic
and excretory process. Metabolism in the body can either enhance the toxicity or
reducing it by detoxification or storage in a relatively inert form. The main avenues of
excretion are the urinary and the intestinal tracts as well as the lungs. The skin and its
appendages and the salivary glands are also considered as excretory organs.
ACUTE AND CHRONIC EFFECTS
Industrial poisoning is of two main types, acute and chronic. The first is induce by large
doses of poisonous substances and the latter is the result of repeated or continuous
small doses in an industrial environment, the conditions causing chronic poisoning are
more significant than those causing acute poisoning.
There are three types of acute effects which may result from inhalation, particularly of
gases and vapors. These are asphyxiation, irritation of the respiratory organs, and
narcosis.
Other responses which are more typically chronic in nature include damage to lings, to
blood, nervous system, liver, kidneys, bones, skin, etc. A few examples are cited –
(i) Inhalation of dust containing silica, arsine, and lead may produce silicosis and
changes in blood. Organic phosphates destroy the enzyme, cholinesterase, which
is present in the red blood cells.
(ii) Carbon disulphide and some of the halogenated hydrocarbons have a cumulative
effect upon the nervous system.
(iii) Injury to liver and kidney may be caused by carbon tetrachloride.
(iv) Chronic poisoning from yellow phosphorus and fluorine may cause serious
damage to bone structure. Cancer frequently develops in bones in which radium
is deposited;
3	
  
	
  

(v) Skin affliction in the form of dermatitis may be attributed to the skin absorption of
tetraethyl lead, epoxy resins, cutting oils, etc. skin cancer may be caused by long
continued contact with certain constituents of coal tar and shale oil.
(vi) Bladder tumors may be caused when chemical carcinogens, such as betanaphthylamine and produce tumours.
MEDICAL SURVEILLANCE
Whether the working environment is congenial to health or otherwise can be known with
the determination of the state of health of the employees working therein and by
examining the quality of the work environment. The environment can be monitored by
determining the level of toxic substances, so that efforts can be made to keep the
concentration of such substances below permissible levels. However, it is not the level of
toxic substance present in the working environment which is of so much relevance as
compared to how much has been absorbed and retained by the worker. Owing to the
phenomenon of personal susceptibility and individual habits, assimilation and
subsequent toxic manifestations vary widely from worker to worker performing similar
type of work. Therefore, it is necessary that each worker needs to be medically
monitored for assessing the state of his health. A worker, before he is employed and
placed in a particular job should undergo a thorough medical examination, along with
necessary special investigation, and the records of such examinations be maintained
properly. After his being employed in the industry, it is necessary that he should be reexamined periodically at fixed intervals, to detect any departure from his normal state of
health. Such routine health examinations are statutory for workers engaged in certain
dangerous operations.
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USE OF SPECIAL DIAGNOSTIC TESTS FOR EARLY DETECTION OF EXPOSURE
AND AILMENTS RELATED TO OCCUPATIONS.
The toxic substances may affect some particular parts or systems in the body and bring
about changes in those areas. This effect can be measured by special investigation,
such as bio-chemical tests, pulmonary function tests, psychological tests, radiography
and other investigation. However, the usefulness of these tests is limited to exposure to
only certain toxic agents.
The bio-chemical examinations are restricted primarily to blood and urine analyses.
Examination of blood for carboxy hemoglobin is a common method of determining recent
carbon monoxide exposure. The lead content of blood is also a useful index for finding
out lead exposure.
Analysis of urine for toxic elements, such as lead, mercury, fluorides, etc. is the most
widely applicable bio-chemical tests for the evaluation of exposure to these substances.
Estimation of certain products, such as ALA and coproporphyrin in the urine are useful
indication of absorption of lead.
The presence of toxic material in the blood, or urine doses not necessarily implies
poisoning. Analysis of blood or urine of apparently healthy workers for toxic ingredients
is primarily for the purpose of detecting excessive exposure to the poison and is not
intended otherwise. On the other-hand, if an individual shows signs and symptoms of
lead poisoning, the presence of an abnormally high lead concentration in the blood or
urine of the individual confirms the diagnosis.
Another aspect of these tests is to detect early stages of poisoning before clinical
symptoms ordinarily appear. Thus blood changes caused by benzene are detectable
before subjective symptoms are in evidence. A reduction in the cholinesterase activity of
the blood is a reliable indicator of organic phosphate poisoning.
X-ray of the chest and lung function tests are useful procedures in environment lungs
disorders, such as silicosis and asbestosis. Exfoliative cytology of urine can help in early
detection of bladder cancer. Pure tone audiometry is useful, not only for detection of
hearing impairment at an early stage, but also for evaluation of the effectiveness of noise
control measures, where such measures have been adopted.
WORKERS’ PARTICIPATION IN PREVENTION OF OCCUPAIONAL DISEASES
Though the management is responsible for the prevention of occupational diseases, the
workers can contribute toward safeguarding their health to a certain extent. The
importance of active participation of workers’ representatives in identification and control
of occupational health hazards is being increasingly realized hazards and bring it to the
notice of the management for rectification. For this purpose, the workers need to be
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informed about the nature of the hazardous materials handled by them and their possible
health effects. Satisfactory maintenance, good housekeeping, education of the workers
and proper personal hygiene are the four interdependent items through which the
workers can take effective part in the prevention of occupational illness. Besides, the
workers should regularly use the personal protective devices wherever necessary.
CO-RELATION BETWEEN ENVIRONMENT EXPOSURE AND OCCUPATIONAL
HEALTH STATUS
The main factors which regulate the occupational health status are:
-‐
-‐
-‐
-‐

Nature of substance or exposure;
Intensity or severity of exposure;
Length of exposure; and
Personal susceptibility.

NOTIFICATION OF DISEASES
The ILO convention No. 81 and 155 envisage notification of occupational diseases to the
inspecting authorities and publication of statistics on such diseases the statistics on
occupational diseases should include:
-‐
-‐

The number of cases of occupational diseases notified:
The particulars of the classification of such cases according to industry and
occupation;
-‐ The particulars of the classification of such cases according to their cause or
character, such as the nature of the diseases and the poisonous substance or
unhealthy process to which the disease is due.
Usually, under the safety statues, the manager of industrial establishment is required to
submit a report in a prescribed from to the inspecting authority. Besides, if any specified
disease, he is also required to send a report to the inspecting authority. Reporting of
occupational diseases can lead to investigation into the cause of such diseases and help
in adopting preventive measures.
The ILO convention No. 42 and 121, dealing with workmen’s Compensation have
prescribed the lists of diseases which shall be regarded as occupational diseases under
prescribed conditions. The list was amended in 1980 and the present list includes
twenty-nine diseases. This list forms a guide for national legislation on workmen’s
compensation. It is also adopted in the safety statues for the purpose of notification of
occupational diseases.

6	
  
	
  

OCCUPATIONAL HEALTH LEGISLATION
In industry, the worker is more important than the machine which he operates. To
safeguard the health, safety and welfare of the worker, factory laws have been enacted
in every country. The conventions and Recommendation framed by the ILO provide
guidelines to the member countries in the development of legal provision for protection of
workers’ health. These international instruments relate to the matters such as:
-‐
-‐
-‐
-‐
-‐
-‐
-‐

Hours of work;
Night work;
Weekly rest;
Paid leave;
Guidelines on protection of health of workers, setting up of occupational health
service, and improvement of working conditions;
Protection against specific risk, particularly toxic substances and agents, lifting
and carrying of heavy weight etc.
Air pollution, noise and vibration.

The various principles given in the ILO Conventions and Recommendations are
incorporated in the national legislation of different countries.
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1.2

History of Occupational Health

Occupational health is a division of general medicine and is devoted to the prevention of
diseases and injury and to the promotion of health of people at work.
We would know the history of occupational health in order to widen our interest and to
understand the changes that are taking place.
During the ancient Egyptian period, mining of gold and lead were the main industries.
There was no shortage of labour as the prisoners of war and condemned criminals were
engaged as there was complete disregard to the health of the workers.
The manual labourers of ancient Greece did not enjoy the same social status as the
ordinary citizens due to prejudice against manual work. Socrates has said “What one
called the mechanical arts, carry a social stigma and are rightly dishonoured in our cities.
For these arts damage the bodies of those who work at them, by compelling the workers
to a sedentary life and to an indoor life, by compelling them, indeed, in some cases to
spend the whole day by the fire. This physical degeneration results also in deterioration
of the soul. Furthermore, the workers at these grades simply have not got the time to
perform the officers of friendship or of citizenship. Consequently, they are looked upon
as bad friend and bad patriots. And in some cities, especially the war like once, it is not
legal for a citizen to ply a mechanical trade”.
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Due to this kind of social set up, occupational diseases were neglected by the medical
people of that time.
We see this again during the Hippocratic era, that is, the fourth century B.C. Hippocrates
was probably the first person to recognize the toxic properties of lead and to describe the
attacks of lead colic. But in his book entitled “Air, Water, places” written for the medical
men, though he has explained the effects of environment on disease processes, he has
not mentioned the harmful effects of the working environment on the labourer.
Pliny, a roman scholar of the first century A.D., mentioned the hazards of zinc and
sulphur, and also described a protective, mask, made from a bladder, which was used
by workers in dusty trades. About 100 years later, Galen described the pathology of lead
poisoning.
In 1443, a pamphlet on occupational diseases and injuries of gold miners were published
by Ulrich Ellenbog. He wrote also about the hazards of carbon monoxide, mercury, lead
and nitric acid. He even suggested preventive and hygiene measures. Georgins Agricola
(1494 – 1555), the German scholar and the physician of the mining town of Joachmisthal
described the diseases of miners and prescribed preventive measures in his book “De
Re Metallica”. The book was published in 1556 a year after the death of Agricola. He
wrote as follows: “it remains for me to speak of the ailments and accidents of miners, and
of the methods by which they can guard against these, for we should always devote
more care to maintaining our health, that we may freely perform our bodily functions,
than to making profile. Of the illnesses, some affect the joints, others attack the lungs,
some the eyes, and finally some are fatal to men. Some miners are so dry that they are
entirely devoid of water, and this dryness causes the workmen even greater harm, for
the dust which is stirred and beaten up by digging penetrates into the windpipe and
lungs and produces difficulty in breathing, and the disease which the Greeks call
asthma. If the dust has corrosive qualities, it eats away the lungs and implants
consumption in the body; hence in the mines of the Carpathian Mountains women are
found who have married seven husbands, all of whom this terrible consumption has
carried off to a premature death”.
The book is in 12 volumes and deals with every aspect of mining, smelting and refining
of gold and silver, hazards associated with these operations and the preventive
measures.
Ponacelsus (1493-1541), a physician born in the German speaking part of Switzerland
described accurately the chemical picture of the diseases of smelters. His book was
written in German, and was published posthumously in 1567, eleven years after the
publication of Agricola, trentise.
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The harmful effects mercury was reported by Fernal in 1557 and by Forestus in 1602,
who described a case of paralysis due to the fumes of the metal. Martin Pause, a pupil of
Agricola, pointed out that mercury, cobalt and other metals may liberate poisonous
vapours.

The first comprehensive book on occupational medicine was published in 1700 in Italy
by the “Father of occupational Medicine” Bernardino Ramazzini (1633-1714). Ramazzini
was born near Modena, became professor of medicine at the University of Modena and
later in the University of Padna. He inquired into the conditions of work of different
occupations on occupational health and wrote the volume entitled “DE MORBIS
ARTIFICUM DIATRIBA” (a treatise on the diseases of tradesmen). It contained accurate
description of occupational diseases due to many types of jobs. E.g. Chemist, Surgeons,
Gilder, Metal diggers, Potters, Coopers, Cleaners of privies and cesspits, Brewers,
Bakers, Millers, Cobblers, Tailors, Wool workers, Razor grinders, brick makers, soap
makers, tanners and many others even that of unemployed. This valuable book was
translated in different languages and created a new interest and modern outlook in
occupational diseases. Increasing number of industrial diseases was recognized and
thought was given to methods of prevention. In his behavior to working men we find
Ramazzini’s attitude humane and sympathetic. He has made a striking addition to the
Hippocratic art.
“When a doctor visits a working-class home he should content to sit on a three-legged
stool, if there is not a gilded chair, and he should take time for his examination, and to
the questions recommended by Hippocrates, he should add one more – “what is your
occupation?”
There were groups of diseases which did not affect the privileged class but only the
workers. Men like Albert Thomas awakened the conscience of the modern world to this
social paradox. Pierre Hamt wrote: “We live on the sufferings of other. Everyone makes
life a torment for some of his fellow men. How many people earn their living pleasantly?
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Many do so in unpleasant and often intolerable conditions. To love one’s occupation is to
be happy, but where are the occupations which one can love”?
Then we come to the eighteenth century England. The history tells us how a country with
plenty of natural beauty and peaceful country-side gradually changed into a dirty, dusty
and ugly looking “Workshop of the World”. How it exploited the inhabitants, particularly
children and women in doing manual work in unhealthy surroundings. During the period
between 1760 and 1830 a complex series of events took place in England. This was also
reflected in countries of Western Europe, e.g. France, Germany, Italy and Sweden. It is
termed as the “industrial Revolution” by Arnold Toynbee and the term has been
commonly accepted, though then also occurred a social and intellectual development
during this period. The use of mechanical power with the help of coal, steel and steam
changed the pattern of industry and the individual working in his cottage had to come out
to work in factories. New industries developed all over Britain and the pace was led by
the north of England by establishment of cotton mills. Coal and iron ore were available
side by side and iron and steel were manufactures. This gave birth to the “Black
Country” in the Midlands. Population migration took place in new industrial towns and the
social pattern was disrupted. Slums developed no fuse and filth accumulated and people
lived in insanitary conditions. Competition was fierce as to who can sell his products
cheaper than others and this needed the used of cheap labor. Anybody and everybody
who were employed in factories, their age, sex or condition of health did not matter. The
hours were long, barely giving them enough time to rest and sleep. The food was poor
and the working environment was injurious to health. Children and women were
employed in cotton mills underground in coal mines and were forced by the threat of
deduction of wage and by the supervisors to continue work. The conditions of these
people were even worse than those of slave. They were free not to go to work and thus
to starve. They were free to buy their own food and were not fed as the slaves were. The
children were virtually sold and sent in cartloads to new towns in north of England and
some to as far as in Scotland.
When the conditions were so appalling, there were some people who were wise enough
to think of the harmful effects of the situation and the danger to the nation as a whole.
The needs for improvement and protection of workers, particularly the young persons
and women were partly due to humanitarian reasons but more so for economic reasons.
It is always true that a healthy worker increases the production.
Edwin Chadwick, a lawyer pictured the deplorable sanitary conditions of the town in his
report. Robert Owen, cotton mill owner in New Lanark kindly treated his employees. He
fed them well and arranged for the education of the children. Fredrick Englels, another
factory owner also looked after the welfare of young employees. Movement in the
parliament was created by Lord Shaffisbury to pass legislation for the protection of
young persons. There was strong opposition in the parliament and the mill owners
pleaded that they will suffer economic loss if the supply is restricted. Robert Owen
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suffered financial loss of considerable amount. However, after much opposition the first
legislation came “The health and apprentices Act”, 1802. This was applicable to
apprentices and not for employed labor. This law is famous for its non-observance, as
the owners got round to it by not appointing apprentices. The subsequent Acts of 1818
and 1833 were more effective. They regulated the age of entry, limited the hours of work
and provided facilities for education. It introduced “Certificate of fitness”, that any
children below the age of nine years was not permitted to work in factory and this
certificate was given by doctors appointed as “Certifying Surgeons” on physical
examination of the growth and stature of the child (as certification of births and deaths
were not yet introduced). The hour of work was restricted to twelve a day. Education was
to be provided in schools inside the factories. As this was not enough the “ten hour
movement” started and the “Ten Hour Bill” was passed which restricted the hours of
work to ten a day and sixty nine a week for young persons. In 1863 the Registrar
General came into existence and births were to be registered. Hence certification of age
was no longer necessary and the term “Certifying Surgeons” was changed into
“Appointed Factory Doctors”. Their duties included pre-employment medical
examination, certificate of fitness all young persons and children and statutory medical
examination. Later on, further legislation was passed from time to time making various
modifications. The minimum age was lowered to eight years and schools in factory
premises abolished. The young persons and women were excluded from dangerous
processes. Great men like Dr. Thomas Pervisal, Dr. Charles Turner Thackrah and Sir
Thomas legge devoted their whole life to the study and prevention of occupational
hazards. Sir legge will always be remembered for his valuable work on lead poisoning.

Industrial medicine in other countries
The first article on occupational disease appeared in America in 1837. Legislation
regulating employment of young person’s was made in 1839. In Germany working
women were protected by laws enacted in France in 1841. Compensation laws were
passed in 1881 in Switzerland and in 1884 in Germany and in most other European
countries within the next few years. Dr. Alice Hamilton played a great part in the
development of Industrial Hygiene in America During the early part of the 20th Century,
by presenting her first hand observations on unhealthy working condition and convinced
both law makers and industrial leaders. In 1908 the Federal Government passed a
compensation act. The office of Industrial Hygiene and sanitation was established in
1914, and silicosis in the mining industry was investigated. In the Soviet Union since the
revolution of 1917 industrial health, the industrial Labour Organization in Geneva has a
department for Occupational Safety, Welfare and Health and the World Health
Organization also in Geneva has recently set up a department of Occupational Medicine.
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History of Occupational Health in India
Due to the pressure exerted by the Lancashire Cotton Mills and agitation by Shri S. S.
Bengale the first Factories Act was passed in 1881 in India. The Act was amended after
ten years in 1891 to include certain provisions. Further amendments were made in 1911,
1923, 1934 and 1948 to bring the legislation in line with that of the British Act.
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1.3

Occupational Health Hazards and their Control

Healthy worker is an asset to the management as only a healthy worker can give his
maximum output in terms of productivity. It is stated that if a workers has to give his
maximum; he should have:
-‐ Economic satisfaction of earning a livelihood.
-‐ Social satisfaction of identifying himself as one in the group.
-‐ Individual satisfaction of doing a job well done.
Ill health will have a bad influence on all the three factors mentioned above. Most
management realize that health is an important factor, hence they see to it that they
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employ healthy workers, by subjecting the selected worker to pre-employment medical
examinations and they are taken on job only when they are medically fit. Hence it is the
duties of the management to see to it that fit worker do not suffer from any illness on
account of his work.
Health of the worker is influenced by:
-‐
-‐

Occupational factors (working environment)
Non-occupational factors (food, clothing, water, housing, diet habits, personal
habit like smoking, alcohol consumption etc.)
The interaction of the worker with his working environment may result in impairment of
his health leading to work related illnesses also known as occupational disease.
The working environment can be classified broadly into:
-‐
-‐
-‐
-‐

Physical
Chemical
Biological (Infectious and Parasitic agents)
Social

CLASSIFICATION OF OCCUPATIONAL HEALTH HAZARDS
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I.

Physical Agents

Hazards;

Reduced mental alertness increases errors, absenteeism, accidents,
heat exhausters, cramps and heat stroke

Heat

Accidents, increased refractive
cataract due to infra-red radiation

Light

Noise induced hearing loss

Noise

Acute: Radiation sickness, aplastic anemia etc

Ionizing Radiation

Chronic: Cancer of skin, blood, bone etc.

Vibration

Raynaud’s phenomenon (uncommon in tropical countries)

Changes in atmospheric pressure :

II.

errors,

minor’s

nystagmus,

Decompression sickness

Chemical Agents

There are three main routes by which harmful substances can enter into the human
body:
-‐
-‐
-‐

Ingestion (Digestive tract)
Inhalation (Respiratory track)
Percutaneous absorption (skin)
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Ingestion is the least common unimportant route, and inhalation is the main route. The
substances which have a fast solvent property can enter through skin. Example Nicotine,
carbon-di-sulphide, organo phosphorous compounds, benzene, etc.
Classification of Chemical Agents
Metals
Ancient Metals

Lead, tetraethyl lead, mercury and its compounds

Other Metals

Arsenic and its compounds, zinc and its compounds

Newer Metals

Beryllium, cadmium, chromium, manganese, nickel, cobalt, osmium,
Platinum, selenium, tellurium, thallium, uranium, radium, etc.

Aromatic Carbon Compounds
Benzene, hexa-chloro benzene, toluene, phenol, penta chloro phenol, quinine and hydro
quinine.Aromatic nitro amino and pyridium derivatives.
Aliphatic Carbon Compounds
Methyl alcohol, nitroglycerine, nitro cellulose, diethyl nitrosamine, halogenated hydro
carbons. The glycol group- Acryl onitule, acrylamide, vinyl chloride etc.
Noxious Gases Classification
Simple asphyxiates

:

N2, CH4, and CO2

Chemical asphyxiants

:

CO, H2S, HCN

Irritant gases

:

NH3, SO2, Cl2, COCL2

Systemic poison

:

L CS2, Nickel carbonyl, phosphine, stibnite.

Dust
Pneumoconiosis

:

Coal dust, silica dust, asbestos dust

Occupational Asthma

:

Cotton dust, TDI, flour dust etc.

Extrinsic Allergic Alveolitis:

Due to fungal
Bagassation etc.

spores.

Ex.Bird

fancier’s

lung,

Occupational Lung Cancer : asbestos chromium etc.
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III.

Biological (Infective and parasitic agents)
Anthrax, glanders, Weil’s disease, cysticercosis etc.

IV.

Occupational Dermatitis
Can be caused by physical and biological agents.

2 types – primary irritant variety.Sensitizing or allergic variety.
V. Social
Sickness absenteeism, accidents, alcoholism etc.
General Principle’s in the control of Occupational Health Hazard
The control measures can be at three different points i.e. sources, airpath and receiver.
Source
Substitution ex. Silicon carbide in place of silica in grinding stone
Change of process
Enclosure of process
Wet methods
Local exhaust ventilation (capturing at the source) adequate maintenance programme.
Airpath
House keeping
General exhaust ventilation (roof guns)
Dilution ventilation
Increasing distance between source and the receiver (semi automatic or remote control)
Continuous area monitoring (Pre-set alarms)
Adequate maintenance programme
Receiver
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Training and education
Rotation of workers (split up does)
Enclosure of workers (Air conditioned overhead cranes).
Personal monitoring device (Dosimeter)
Personal protective devices
Adequate maintenance programme
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1.4

Role of Nutrition in Occupational Practice

The ultimate aim of occupational health practice is to ensure that the man on the shop
floor is not subjected to undue stresses, is not exposed to situation which will lead to
occupational ailments and diseases, and is able to undertake strenuous physical tasks
without being easily fatigued. The nutrients in the diet play an important role in achieving
the above objective. The various nutrients of relevance are the dietary calories, vitamins
and minerals, water and common salt.
PHYSICAL WORK OUTPUT DEPENDENT ON INTAKE CALORIE, PROTIEN AND
VITAMINS
It is well established that any physical work will be possible only if there is energy input
to the system. Considering the human body, even when there is no external work being
done, there will be activity within, due to much involuntary function. This necessitates
constant energy supply which is achieved through metabolism (basal metabolism). Over
and above this, whenever any additional work is done, additional energy supply is
needed. The source for such energy release is the carbohydrate and fat content of the
food being consumed and digested. In the metabolism of the digested food making use
of oxygen as fuel, many enzyme are involved, which have as constituents, vitamins such
as B1 (Thiamine) and B2 (Riboflavin). Besides, many other vitamins and trace elements
have vital roles to play (Table - 1).
FATIGUE RELATED TO MAXIMAL OXYGEN UPTAKE CAPACITY – ROLE OF
MUSCULATURE – CALORIE AND PROTEIN REQUIREMENT
The fatigue accrued on the shop floor, results not only due to exposure to adverse levels
of such factors as thermal level, illumination ventilation, noise etc., but also due to the
heaviness of the relative workload. While the same external physical task is carried out,
the relative physical work load is much lower in a worker with higher oxygen uptake
capacity (maximal oxygen uptake capacity or aerobic capacity) than in another with
lower oxygen uptake capacity. Since the oxygen uptake capacity is decided by the
overall size of man and his musculature, all those factors which influence these two, also
influence the capacity for energy release. For maintaining the body stature and
musculature, a high calorie intake with high protein content is necessary. It is thus the
calorie and protein content of food becomes important for industrial work output.
IMPACT OF CALORIE DEFICIENCY ON INDUSTRIAL PRODUCTIVITY
Even though calorie deficiency is widely prevalent in the country, and should affect a
large number of industrial workers also, there is not national statistics on the impact of
such deficiency on industrial productivity. However, the West German experience during
and immediately after the Second World War, established the close relationship between
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calorie deficiency and fall in industrial production. Controlled experiments on effects of
semi- starvation carried out in USA, confirmed that body weight loss result in
corresponding fall in the individual’s physical fitness and work capacity. Another
interesting observation was that after rehabilitation from semi-starvation even though the
body weight may come back to normal; the work capacity may still be lower than normal.
There is thus, a lingering effect. Hence, it is not prudent to think that one can allow
calorie deficiency to continue chronically and when a sudden exigency arises, think of
pumping large quanta of calories into the body within a few days, and restore the lost
physical capacity.

NUTRIENT REQUIREMENT FOR MAINTANING INDUSTRIAL WORK OUTPUT
1.

The calorie content of food should be adequate to meet:
(a) The basal metabolism (50calorie per hour for 8 hours).
(b) The energy needed during 8 hours of shift work (this may go as high as 200
cals./hr. at Times – Table-2).
(c) Energy needed for personal activities – 8 hours (say 120 cal./hr.).
(d) 10% addition to make up for losses such as faecal wastage.

2.

Protein:
During digestion, the protein content of food gets broken down to the basic units
of amino-acids. When these amino-acids reach the tissue site they re-synthesized
to form the appropriate tissue proteins. In this process of breakdown and resynthesis there is a certain amount of loss and this is to be made up in the form of
maintenance protein (intake).
Maintenance protein requirement of an adult has been put at 1 gm. Per kilogram
of body weight per day. This much will be already available in our normal diet
even if the diet is not adequate in calories (Table-3).
There is a misnomer that a fraction of the proteins taken should be of animal
origin. It is true that from growth consideration protein of animal origin such as
from eggs, meat, milk, etc., is superior to vegetable proteins. This is because of
the following reason. Among the amino-acids which are building materials for
tissue protein synthesis, some can be synthesized by the body itself and other
have to be supplied through external food. The former are referred to as ‘non
essential amino-acids’ and latter as ‘essential amino-acids’. Among vegetable
proteins, no individual protein has in it all the essential amino-acids needed by the
body. On the other hand, any animal protein has got all the essential amino-acids.
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Hence, the superiority of animal protein over vegetable protein. However, if
different vegetable protein sources are mixed, the deficiency of the essential
amino-acids in one protein will be compensated by the availability of the same in
others. Hence protein form mixed vegetable sources will be as good as animal
proteins, in nutrient value (Table-4). The added advantage with vegetable
proteins is their relative low cost.
3.

Vitamins and minerals
The daily requirement of vitamins and some of the important minerals, is as
indicated in column 3 of table 1.

4.

Water
The fluid loss in the form of sweat in our environments can be as high as 4 liters
during the shift (Table 2). If water is drunk only to satiate the sensation of thirst,
there can still be body dehydration. Under such dehydrated condition, the feeling
of comfort and through that, the work output will be reduced. Hence voluntary
unlimited water intake should be encouraged by providing cooled water when
found necessary.

5.

Salt
There is again a misnomer that our workers should be made to consume extra
salt to avoid heat disorders, particularly during hot season. Since our diet is
already rich in salt, there is not necessity for this additional salt consumption
(Table 5) This additional salt intake instead of being helpful, will cause water
depletion from the body, in the form of increased urine excretion.

6.

Subsidized meal during shift
Dietary survey among textile workers has shown that because of the largeness of
the family size, the per head calories and nutrient availability become less.
Naturally, if the worker is per force made to consume a subsidized calorie rich
meal during shift, this will help in reducing the calorie imbalance in him.

PROVISIONS IN THE FACTORIES’ ACT 1948
It Is only because of the above technical considerations, that the law makers have
thought it necessary to incorporate the following provisions in the Factories Act:
22	
  
	
  

Section 18: provision of sufficient supply of wholesome drinking water.
Location of water points.Cooled drinking water during hot weather more
than 250 workers).
Section 46: provision of canteen facility where more than 250 workers are
employed. Stipulation on the foodstuffs to be served.
Section 47: where more than 150 workers are employed, a suitable lunch room to
be provided.Provision of drinking water in the lunch room.
NUTRIENTS CANNOT SERVE AS PROPHYLACTICS AGAINST TOXIC CHEMICALS
ETC.
There is an impression amongst workers as well as management that by providing milk
or multivitamin tablets, the health of those who are exposed to toxic chemicals such as
Carbon disulphide, nitrous fumes, lead etc. can be protected. This is wrong.
If there is deficiency in the intake of proteins or vitamin, this may augment the toxic
effects of certain toxic substances (Table 6 &7) but it does not mean that extra vitamin or
other nutrient intake will protect the individuals against the normal effects of the toxic
substances.
Even though milk or multivitamins can help in maintaining good health, they cannot, in
general, serve as prophylactics to protect against the ill-effects of toxic substances. This
point should not be overlooked.
TABLE – 1
Trend of low body weight among Indian workers
(Mostly from Maharashtra)
___________________________________________________________________
Industry
Index
Mean Ht. (cm)
Weight (kg)
Ponderal
Textile (33)
Soap (11)
Steel rolling mill (13)
Coke Oven Battery (21)
Coke Oven Battery (8)
Blast furnace (11)
Steel smelting (4)
Textile (24)

164.1
160.8
163.4
164.2
158.7
164.2
167.1
161.5

52.2
54.4
56.4
50.3
47.0
51.6
55.7
48.4

43.9
42.4
42.5
44.5
.0
44.1
43.8
44.3

Values in parentheses denote the number of the subjects.
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TABLE – 2
Trend of energy expenditure and fluid requirement during
8 hours of shift in different industries
Industry

Textile (33)

Energy expenditure during Sweat loss and fluid
8 hours of work (Kcal)
requirement
during
8
hours shift (kg).
807

-

1612

2.74 – 4.18

Blast furnace in a steel
plant (9)
Coke ovens battery
Top man and Doormen (15)

1298

Coke ovens doormen (21)
1036
Values in parentheses denote the number of the subjects.

3.20
3.95
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TABLE – 3
Food consumption pattern
(All India)
___________________________________________________________________
Item
gm/day/person
Actual
Recommended
_________________________________________________________________
Rice
__
240
Wheat
__
80
Millets and other cereals
110
(Total cereals)
(370)
434
Pulses
70
30
Milk and Milk products
110
35
Meat, fish and egg
120
10
Leafy vegetables
40
20
Other vegetables
180
70
Fruits
40
10
Fats and oils
35
10
Sugar and jiggery
40
15

TABLE – 4
Availability of essential amino acids in mixed vegetable
proteins if Indian dietary
Essential
(E.A.A)

Amino

Acid E.A.A available Allowing for E.A.A. requirement for 55
digestibility (in 52 gms of kg. Man (FAO 1957)
cereal-pulses protein) (mg)

Isoleucine

2657

832

Leucine

3684

942

Lysine

2112

832

Methionine

726

441

Phenylalanine

2674

554

Threonine

1591

554

Tryptophan

504

227

Valene

2671

832
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*The cereal pulse protein was from 9 oz rice, 5 oz. Bajra and 3 oz red gram.
TABLE – 5
(a) Salt requirement for hard physical work done under outdoor condition
Marching in open sun at 5.6 km/hr for 2 hrs.
Groups

Salt content Max. Temp
Salt deficiency
Extent of
0
Of the
F.
In symptoms in
deficiency
___________________________________________________________________
I
3.1
100.7
5 out of 6
13.6 gm in7 days
II
6.2
97.8
Nil
III
8.7
105.3
Nil
IV
11.2
106.7
Nil
V
16.2
107.5
Nil
The author concluded that 6.2 gm/day can be taken as adequate under these conditions.
(b) Salt requirement of troops on exercise for 7 days under hot conditions
Exercises :
From 9 am to 5 pm.
Every day for 7 days

i) Marching Cross Country with 18 kg load.
ii) Trench digging
1 hour lunch interval

Rest pattern

:

10 minutes rest after every 50 minutes exercise

Temperature

:

Maximum temperature – 102 – 111
Black Globe temperature 137 – 144
Wet Bulb temperature 68 – 75

Sweat loss

:

Varied from 3.63 to 7.95 litres per day

Salt intake

Conclusion

i) Not a case of salt deficiency symptoms
ii) No evidence of Chloride deficiency in urine or plasma.
:

No necessity for additional salt, even under these trying
Conditions.
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TABLE – 6
Influence of Nutrition on the effects due to toxic chemicals
Nutritional factors
Toxic chemicals
Effects
___________________________________________________________________
Protein deficiency
Parathion
In animal exports, animals fed on
protein deficient diet died in
greater nos.
High fat diet

Tetrachloro ethane

Intoxication augmented.

Vitamin C

Benzene

In case of Benzene exposed
workers Vitamin C excretion is
lowered on standard intake

Vitamin B

Carbo-disulphide

Symptoms aggravated
in case of vitamin Deficiency

Vitamin A

Dibenzanthracene

Vitamin A in the liver increases
the resistance

Calcium iron

Lead

Deficiency of the nutrients lead to
raised absorption in animals and
children and men doubtful.

In general a high protein diet adequate in vitamin content may be helpful in increasing
the resistance.
TABLE – 7
Protein malnutrition as affecting the toxic effects of some pesticides
Pesticide

LD50 of animals (mg/kg)
On low protein diet

on high protein diet

Chlordane

137 ± 30

267 ±

Endrin

6.7 ± 0.8

16.6

Parathion is 7.6 times more toxic in protein deficient rates with DDSthe effect was
reversed.
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Chapter - 2 : PHYSICAL HEALTH HAZARDS – MEDICAL ASPECTS
Physical hazards are often thought to be less important than chemical but this is not so.
They can – and do – cause severe health problems, injuries or even death. The nature
of physical agents is wide and should not be under rated but the main ones capable of
causing occupational disorders or injuries are:
Abnormal temperature – High and low
-‐ Noise
-‐ Vibration
-‐ Ultrasound
-‐ Defective illumination
-‐ Defective colour schemes
-‐ Ionizing radiation
-‐ Alpha particles
-‐ Beta rays
-‐ Gamma rays & X-rays
-‐ Neutrons
-‐ Ultraviolet
-‐ Infrared
-‐ Microwaves
-‐ Laser beams
-‐ Abnormal air pressure – High & low
-‐ Defective lay out
-‐ Bad house keeping
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2.1

Abnormal Temperature
The human body has a very sensitive temperature control mechanism. Skin
temperature may vary but the deep body temperature remains constant at 370C
Heat is generated throughout the life by the process of metabolism but the
phenomenon of heat balance heat exchange and heat loss keeps it maintained
without any adverse effects. Heat and cold represent opposite extreme of body
temperature and occupational hazards are encountered in both the situations.
HEAT
In industries where conditions either high heat exists – radiant convicted – the air
becomes warm and sweating becomes necessary for body toloose heat. In some
industries processes are with high heat and humidity – textile – where the
condition becomes more worse. Human sweat contains a substantial amount of
salt and its deficit may cause ill effects.
Failure of body to adjust the heat stress produces disorders by (a) Depletion of
salt due to profuse sweating and (b) rise in body temperature due to the failure of
the normal thermo-regulatory mechanism.
Disorders are –
(1)

Systematic
-‐
-‐
-‐
-‐
-‐

(2)

Skin
-

(3)

Heat stroke
Heat exhaustion
Heat syncope
Heat cramp
Dehydration

Prickly heat – Milleara rubra
Cancer – Rodent ulcer

Psychoneurotic:
- Heat fatigue
- Loss of emotional control
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PREVENTION & CONTROL
-‐
-‐
-‐
-‐
-‐
-‐

Adequate intake of fluid of fluid and salt
Proper protective clothing
Safe exposure time adjustment
Engineering control of environment heat
Medical control
Acclimatization of the worker

30	
  
	
  

2.2 Noise
Noise has been described as undesired sound. Normal permissible limit for 8 hours
continuous exposure has been recommended to be maximum of 90 dBA. In
situations where the noise level is high workers get ill effects.
Auditory ill effects:
-‐
-‐

Temporary hearing loss
Permanent hearing loss

Non auditory ill effects
-‐
-‐
-‐
-‐

Speech interference
Variation in blood pressure
Dilatation of pupils
Diseases like peripheral vascular disturbance, I.D.H., vascular neuropathy,
myopathy, etc.

NOISE CONTROL MEASURES
-‐
-‐
-‐
-‐
-‐
-‐
-‐

Solid foundation of machines and use of rubber padding
Proper maintenance of machine
Installation of suitable sound absorbers
Lining of walls and ceiling by a-caustic boards
Use of personal protective equipment
Introduction of hearing conservation programme.
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NOISE POLLUTION HAZARDS – CONTROL AND PREVENTION
INTRODUCTION
Noise has been described as a sound without agreeable musical quality, or as on
unwanted or undesired sound. In many countries comparatively little attention is
paid to noise, despite its importance in the urban and industrial scene. It is not a
new hazard, and people residing in urban areas and many occupational exposed
workers develop hearing losses which may be severe, though fortunately not
invariable so. There is much to suggest that this hazard is increasingly prejudicing
social life and in some instances earning capacity. The prevention of ‘noise induced
hearing loss’, therefore, should be accorded top priority. This calls for correct
assessment of the noise problem and application of various administrative,
engineering and medical control measures.
Noise is no less a pollutant than the toxic chemicals in our environment. As a result
of increasing mechanization, the use of increasingly voluminous and complicated
machinery and equipment and the stepping up of the pace of production, noise is
becoming an increasingly widespread and serious source of discomfort and danger.
Noise may be defined in a number of ways. The definition given in ILO convention
No. 148 is : ‘the term “’ noise’ covers all sound which can result in hearing
impairment or be harmful to health or otherwise dangerous’.
SOURCES OF HARMFUL NOISE
The major sources of noise pollution in the developing countries include industry,
transport and community activities. These sources can be classified can be
classified as follows:-

a) Continuous wide-band noise (wide frequency range) e.g. background noise in a
mechanical workshop;
b) Continuous narrow-band noise (sound energy mainly concentration on a small
number of frequencies), e.g. circular saws, planing machines, etc;
c) Impact noise (single impulses of duration), eg. forging, hammering.
d) Repetitive impact noise, eg. riveting, trimming, etc;

33	
  
	
  

e) Intermittent noise eg. road traffic, aircraft noise, community activities,
construction, etc.

HARMFUL EFFECTS OF NOISE
Noise mainly affects hearing but it may also health in other ways.
Effects of Noise
Prolonged exposure to noise may cause a progressive symmetrical bilateral
impairment of hearing, the patho-physiological process of which takes place in the
inner ear, in the cochlear region. The disease originates with a degenerative
impairment of the neurosensorial cells of the corti organ. After passing through
several phases, this process culminates in the total atrophy of these cells, its
subsequent evolution follows more or less the same pattern as that of sensory
deafness attributable to any other cause.
The first symptoms experienced by a person exposed to noise usually take the
form of a temporary hearing loss and buzzing in the ears. After a certain length of
time this hearing loss becomes permanent. First it becomes impossible to hear
whispered conversation. Later, as the hearing deficiency progresses, the sufferer
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complains that certain words have become indistinct with a detrimental effect
upon his social contacts. The progress of noise induced hearing loss is halted as
soon as exposure to noisy surroundings ceases. It, therefore, suffices to remove
from such surrounding persons suffering from incipient hypoacusis to prevent any
worsening of the complaint. The time it takes for the first symptoms to appear
depends on the type of noise and the duration of exposure.
The diagnosis of occupational deafness is based on the particulars of the
occupational and personal case histories, together with the relevant clinical and
audiometric etc. Noise-induced hearing loss is a sensory or cochlear hearing loss
and not a conductive hearing loss, such as occurs in otitis media. Otosclerosis or
barotrauma of the drum membrane, and this is important for accurate diagnosis.
Hearing impairment at a frequency of 4000Hz is in principle another characteristic
of noise-induced occupational deafness. Presbycusis and hearing impairment
resulting from certain types of intoxication are characterised by a decline in
hearing acuity that progress from the higher to the lower frequencies. It is easier
to diagnose occupational deafness if the worker’s inner ear has been examined
and his hearing tested at the time of his initial engagement.
Non-auditory effects
The effect of noise on other bodily functions is much less known that is its effect
on hearing. The various bodily reactions to loud sound are mediated by the
vegetative (autonomous) nervous system, which receives its auditory input from
the ascending auditory pathways at a much lower level than the auditory cortex.
These reactions therefore are usually not under conscious control and are
probably independent of our interpretation of the sound.
Above a certain level noise may activate the sympathetic nervous system and
therefore give rise to, among other things, an increased secretion of hormones
from the adrenal medulla (adrenalin and non-adrenalin) and a change in blood
circulation.
Excessive noise may cause dizziness or nystagmus. It can also cause increase in
respiratory rate, heartburn, somnolence, sleep disturbances and asthenia.

MEASURES TO CONTROL NOISE POLLUTION
An effective hearing conservation programme should be undertaken where
exposure to industrial noise is capable of producing hearing loss. The object is to
ensure that an employee’s hearing is not affected during his working life to an
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extent greater than that usually occurring with age; and to preserve it at a level
sufficient for normal speech perception.
The criteria for the hearing conservation programme are –
1. Conservation programme is needed in situations where the hearing loss, as a
measured by audiometry, is more than 10 dB at 4000 Hz.
2. It is also indicated when the sound level in the working environment is more
than 90 dB and there is difficulty to communicate by speech.
3. When it is difficult to hear a loud noise at a distance of one foot (0.3 m)
4. When workers find it difficult to communicate by speech.
5. When workers notice a loss of hearing persisting several hours after exposure.
The programme consists of:a)
b)
c)
d)

Noise exposure analysis
Engineering control of noise
Protection of hearing with ear defenders where necessary, and
Measurement of hearing by audiometry.
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2.3

Vibration
Vibrations are causing ill effects in the range of 30-400 Hz. Under 3 Hz the whole
vibrates and ill effects is mainly motion sickness. In industrial situation the ill
effects are usually due to continuous handling of vibrating tools. The disorders
appears due to local irritant and damaging action on the tissue and on the
receptors embedded in them. Effect depends on the physical characteristics of
the oscillating process and the duration of conduct.
Vibration Disease

Prolonged exposure to vibration leads to this disease which manifest in “White
finger” due to vascular insufficiency when the factor is affecting locally. If the
whole body vibrates changes like polyneuritis appears.
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To prevent this disease and related ill effect automation and remote control
system should be introduced. The environment permissible value of vibration
should be maintained and medical control like pre-employment and periodic
examination should be carried out.
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2.4

Ultrasound
Sound of over 20,000 Hz are not heard by human ear and are called ultrasound.
The ill effects are due to the local heat in the tissue. The risk becomes very high if
the ultrasound is passed though a liquid in which the worker is either partly or
wholly submerged. Liquids are caused to from cavities and these cavities break
up shock waves resulting into the tear of cellular structure leading to
disintegration. Blood is the main target.
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2.5

Defective Illumination
The man is having a high position in the evolutionary scale only due to acuity of
his sight, the on health of the people are mainly through its psychological effects.
Each colour accuracy of thumb and finger movement and the co-ordination of the
eye and hand by the brain. This biological fact alone makes the importance of
illumination in day to day work.
The standard light (illumination) is described in unit called lux. The ill effects due
to defective illumination are accident, decrease in visual acuity, eye fatigue and
head-ache. Stimulation of A.N.S is also reported. Glare can cause visual
discomfort and irritability. Ideally the glare index should be between12 to 20.

Recommended value of illumination in lux
Canteen
Aircraft
Engine assembly
Radio telephone assembly
Foundries
Iron & steel works
Steel metal works

150
300-450
300
700
150-300
100-300
200

DEFECTIVE COLOUR SCHEMES
No lighting scheme can be fully effective without the proper colour application. In
industries colour are used for improving
-‐
Quality of workmanship
-‐
to reduce rejection
-‐
to reduce accidents
-‐
to rise housekeeping
-‐
to reduce absenteeism, and
-‐
to improve morale of the workers
Adverse effects of colour gives a special psychological appreciation on the human
and moderates the behaviour according. If this is not in the proper shape ill effects
increase.
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Psychological effects of Colour
Feeling
Size
Space
perception Perception
Red
Stimulates
Comes
forward
Yellow
Freshening
Comes
forward
Orange
Tension producing
Light green Relaxed feeling
Appear
Surface
and blue
larger
recedes
White
Stimulating
Appear
larger
Colour

Temperature
Warm
Warm
Warm
Cool
Cool

These points have to be kept in mind while planning the workplace so that ill effects
due to colour do not occur.
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2.6

Ionizing Radiation
Radiation can effect the people according to whether it comes from outside or
from inside the body. In industrial situation external radiation are common. The
amount of tissue damage in exposed persons depends on the energy per unit
mass of tissue and the nature of organic tissue itself. The blood forming organs
and reproductive organs are more sensitive to radioactive substances. Radiation
absorbs by the tissue is measured in rads. One rad corresponds to hundred ergs
and energy/gram of tissue.
Alpha Particles :
This is used in industries to monitor the thickness of paper, polythene films etc.
these are high energy particles with very low penetrating capacity. The ill effects
are mainly minor burns in the vicinity.
Beta rays :
They are electrons of various energies and penetrate few millimetres into the
tissue before they are absorbed. They cause some deep damage to the tissue.
Gama rays & X-ray :
They are electro-magnetic radiations of energies. They are used for metal
inspections and welding checks. They have power of high penetration and are
very dangerous. They cause burn, dermatitis locally and skin cancer, leukaemia
and genemutation systematically.
Neutrons
They are uncharged particles with a wide range of energy and power of
penetration. They cause remote and severe damage to the tissues.
Permissible doses of radiation
International Commission on Radiological Protection recommends –
1. 3 rems during any period of 13 consecutive weeks to the testes or ovaries.
Blood forming organs and lenses of eye at any age over 18 years.
2. 235 rems of whole body radiation for persons occupationally exposed from 18
to 65 years of age.
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Principles of Protection against Radiation :
a)
b)
c)
d)
e)
f)

Exposure must be minimized.
Shielding to be adopted.
Change of radiation beam direction towards safe area.
Adequate records for do this received.
Medical examination with a special attention on blood.
Technical protection measures and follow up of regulation regarding
storage, use, monitoring and disposal.
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2.7

Ultra-Violet Radiation
Ultra violet radiation affects the skin causing burn, skin cancer and conjunctivitis.
In welders it may cause ‘Arc eye’.
Infra Red Radiations:
Eye suffers more damaging effects due to this. They may cause fatigue and
headache and cataract glass blowers cataract is the commonest example.
Microwaves Radiation:
Cornea and lens of eve are the most vulnerable structures because of the lack of
heat dissipating blood vessels. Cataract and skin burns are similar to the infra red
radiation. The frequency of more than 30 mega Hertz is dangerous.
Laser beams:
A laser beam is a light energy of one length and uniform phase in which waves
travel together in step and in rhythm. Its application is found in cutting and welding
operations, in photography and in medical use for photo coagulation of retina are
well known. Organ affected is mostly the eyes.
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2.8

Abnormal Air Pressure
High Air Pressure:
In operations like tunneling, diving the high air pressure are needed. When the
person returnsto normal air pressure the problems like pain in muscles, bones
and joints are felt. Ear, tooth pains can also be experienced due to the
decompression phenomenon.
Preventive measures require careful and gradual time bound decompression
process.
Low Air Pressure:
Lack of oxygen can lead to blacking out or the behavioural changes in the pilots at
high altitudes without pressurized cabins. Oxygen mask should immediately be
used in such condition.
DEFECTIVE LAYOUT AND BAD HOUSE KEEPING:
If the layouts are not made properly the health hazards may appear. For example
if a canteen is situated near toilet or near the work place where toxic gases are
emitted the ill effects may become a problem. Therefore, planning and making
good layout is necessary. Similarly good housekeeping prevents majority of
accidents at work place.
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Chapter 3 : CHEMICAL HEALTH HAZARDS AND THEIR PREVENTION AND
CONTROL

3.1

Introduction
1.

As a result of rapid industrialization in advanced as well as
developingcountries the immediate environment within the industries as
well as the general atmosphere have been polluted to varying degrees by
chemical and other pollutants. Extensive studies carried out in different
countries in the world have show that all these pollutants are of concern not
merely due to their nuisance value but also due to their effect on the health
of the human population.

2.

Occupational diseases may affect any system of the body. The target
organ or system may respond in a way that is quite specific or peculiar to
the type of exposure. For example, silicosis and coal miner’s
pneumoconiosis have pathological findings that are reasonably specific for
these diseases. Exposure to other types of toxic substances may not result
in characteristic pathological findings but in reasonably specific clinical
symptomatology which, when combined with laboratory finding indicating
exposure to the substance, create a specific set of manifestations. For
example, in the case of carbon monoxide intoxication, headaches,
weakness and dizziness combined with a laboratory finding constitute a
specific set of manifestation of carbon monoxide intoxication.

3.

The World Health Organisation has proposed that there are at least four
categories of occupational diseases syndromes :
-‐
-‐
-‐
-‐

Diseases that are only occupational in origin (e.g. Pneumoconiosis);
Diseases in which the occupational in one of the causal factors (e.g.)
bronchogenic carcinoma);
Diseases in which the occupation in contributing factor in complex
situations (e.g. chronic bronchitis); and
Diseases in which the occupation may aggravate a pre-existing
condition (e.g. asthma)
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3.2

Cause of Occupational Diseases
The main causal agents of occupational diseases (and examples of the relevant
health impairment are the following:
1. Chemical substances :
-‐
-‐
-‐
-‐

Toxic (acute and chronic poisoning)
Corrosive (irritation of the skin, eyes or respiratory tract);
Allergenic (dermatitis, bronchial asthma),
Carcinogenic (cancer of various organs)

2. Airborne particulate matter
Inorganic fibrogenous dust, such as silica, coal or asbestos ( silicosis, coal
workers pneumoconiosis, asbestos-related diseases).
Organic dust, such as vegetable, textile fibres, cotton, flex, hemp, jute,
(byssinosis) or other animal or vegetable dust (farmers lung bagassosis,
bronchial asthma).

47	
  
	
  

3.3

Correlation between environmental exposure and health status
The main factors which regulate the occupational health status are
(i)
(ii)
(iii)
(iv)

Mature of substance of exposure
Intensity or severity of exposure
Length of exposure; and
Personal susceptibility

MODE OF ACTION OF HAZARD FACTORS

•

The main avenues of entry of toxic materials into the human are –
inhalation, skin absorption and ingestion.

•

Inhalation: Inhalation is by far the most important route of intake ofairborne
contaminants. In an industrial environment various substances, solid, liquid
or gaseous, dissipate into the air. In the process of breathing, these
airborne contaminants come in the contact with the respiratory system and
some contaminants eventually find their way into the longs the respiratory
system serves as the portal entry into the body for a great variety of
airborne substances, both gaseous and particulate. Many of these
contaminants are capable of producing injury and diseases when they are
deposited and accumulated in sufficient amount in the lungs ore after
transfer from the lung in sensitive sites deeper with the body.

•

Absorption through the skin: Many gaseous and liquid materials are
absorbed to a limited extend through the skin: when this occurs, the
predominant action may be local, at the points of contact, or systemic. In
cases where action of the agent is local on the skin, many types of
dermatoses may occur. Appreciable skin absorption occurs with certain
liquid of low volatility. Phenol, cresol, nitro-benzene, aniline, teraethyl lead
and parathion and TEPP may pose a greater hazard through skin is not
common.
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•

Ingestion: ingestion of toxic materials may result from many source such as
contaminated food, beverages, or from cutting fingers or other
contaminated objects into the mouth. Ingestion of toxic substances along
with food, in work-room, where the house-keeping is not good, or where
worker are careless is common. Compared with inhalation, ingestion plays
a minor role in the absorption of toxic materials in industry.

Metabolism and Excretion:
Once absorbed into the body, the toxic effect of the agent is regulated by the
metabolic and excretory processes. Metabolism in the body can either enhance
the toxicity, or reduce it by detoxification or storage in the urinary and intestinal
track as well as the lungs. The skin and its appendages and salivary glands are
also considered as excretory organs.
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3.4

Acute and Chronic Health Effects
Most of the toxic agents have harmful effects on various organs of the body.
Industrial poisoning is of two main types, acute and chronic. The first in induced
by large doses of poisonous and the later is the result of repeated or continuous
small doses in an industrial environment. The conditions causing chronic
poisoning are more significant than those causing poisoning.
There are three types of acute effects which may result from inhalation,
particularly of gases and vapours. These are asphyxiation. Irritation of the
respiratory organs and narcosis occur. Other responses which are more typically
chronic in nature include damage to
lungs, to blood, nervous system, liver,
kidneys, bones, skin, etc. A few examples are given below:
(i)

Inhalation of dust contain free silica may produce silicosis among the
exposed personnel;

(ii)

Benzene, arsenic and lead may produce blood changes, organic
phosphates destroy the enzyme, cholinesterase, which is present in the red
blood cells;

(iii)

Carbon disulphide, and some of the halogenated hydrocarbons have a
cumulative effect upon the nervous system. Chronic mercury and
manganese poisoning usually nervous system;

(iv)

Injury to liver and kidneys may be caused by carbon tetrachloride;

(v)

Chronic poisoning from yellow phosphorus and fluorine may cause serious
damage to bone structure. Cancer frequently develops in bone in which
radium is deposited;

(vi)

Skin affliction in the form of dermatitis may be attributed to the skin
absorption of tetraethyl lead, epoxy resins, cutting oils, etc. Skin cancer may
be caused by long continued contact with certain constituents of coal tar
and shale oil;

(vii)

Bladder tumours may be caused when chemical carcinogens, such as
betanapthylamine and benzedine are inhaled over a considerable time.
Radioactive substances also produce tumors.
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3.5

Prevention of Occupational Diseases
The prevention of occupational diseases is based on two approaches:
1)
2)

Elimination or control of the causal agent in the workplace,
Surveillance of the health of the workers.

Primary prevention means the elimination of the exposure of workers to the
harmful agents. Or its reduction to a level considered as innocuous for various
reasons. Mostly technical, sometimes, of economical nature, this target cannot
always be achieved and secondary prevention is utilised.
Secondary prevention indicates early detection of occupational diseases in presymptomatic or reversible stages by means of medical examinations.
Tertiary prevention signifies management of occupational diseases.
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3.6

Medical Surveillance : Pre-employment /Pre-Placement and Periodic Medical
Examination
Whether the working environment is congenial to health or otherwise can be
known with determination of the state of health of the employees working therein
and by examination the quality of the work environment.
The environment can be monitored by determining the level of toxic substances so
that efforts can be made to keep the concentration of such substances below
permissible levels.
However, it is not the level of toxic substances present in the working environment
which is of so much relevance as compared to how much has been absorbed and
retained by the worker.
Owing to the phenomenon of personal susceptibility and individual habits,
assimilation and subsequent toxic manifestations vary widely from worker to
worker performing similar type of work. Therefore, it is necessary that each worker
to be medically monitored for assessing the state of his health.
A worker, before he is employed and placed in a particular job should undergo a
thorough medical examination, along with necessary special investigations, and
the records of such examination be maintained properly.
After his being employed in the industry, it is necessary that he should bereexamined periodically at fixed intervals, to detect any departure from his normal
state of health. Such routine health examinations are statutory for workers
engaged in certain dangerous operations.
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3.7

Use of Special Diagnostic Tests for Early Detection of Exposure and
Ailments Related to Occupation
The toxic substances may affect some particular parts or systems in the bodyand
bring about changes in those areas. This effect can be measured by special
investigation, such as biochemical tests, pulmonary function tests, psychological
tests, radiography and other investigations. However, the usefulness of these
tests are limited to exposure to only certain toxic agents.
The biological examination are restricted primarily to blood and urine Analysis.
Examination of blood for carboxy –haemoglobin is a common method of
determining recent carbon monoxide exposure. The lead content of blood is also
a useful index for finding out lead exposure.
Analysis of urine for toxic elements, such as lead, mercury, fluorides, etc. are the
most widely applicable biochemical tests for the evaluation of exposure such as
ALA and coproporphyrin in the urine are useful indication of absorption of lead.
The presence of toxic material in the blood, or urine does notnecessarily imply
poisoning. Analysis of blood or urine of apparently healthy workers for toxic
ingredients is primarily for the purpose of defecting excessive exposure to the
poison and is not intended otherwise. On the other hand, if an individual shows
signs and symptoms of lead poisoning, the presence of an abnormally high lead
concentration in the blood o urine of the individual confirms the diagnosis.
Another aspect of these tests is to detect early stages of poisoning before clinical
symptoms ordinarily appear. Thus blood changes caused by benzene are
detected before subjective symptoms are in evidence. A reduction in the
cholinesterase activity of the blood is reliable indicator of organic phosphate
poisoning.
X-ray of the lung function tests are useful procedure in environmental lung
disorders, such as silicosis and asbestosis.
Exfoliative cytology of urine can help in early detection of bladder cancer.
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3.8

ILO Activities in the Field of Protection of Worker’s Health
The ILO has always had a great concern for worker’s health in view of the
magnitude of health risks which workers face. Although exact statistical data a
lacking, it is estimated that about 180,000 worker die yearly due to occupational
accidents, and the incidence of notified occupational diseases in industrialized
countries is reported to be about 1 to 3 new cases per 1,000 workers per year the
incidence in certain branches of economic activity is much higher than these
average figures.
The activities of ILO in the field of occupational safety and health are carried out
in the general framework of the ILO’s tasks, and concentrate on specific aspects
of protection of workers’ health. Since 1976, these are a component of the ILO’s
international Programme for the improvement of Working Conditions and
Environment, known under its French acronym PIACT.
The principle activities of the ILO consist in setting international standards in the
form of Conventions and Recommendation and supervising their observance,
providing advice through a large information system.
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3.9

Metals in Industry
Beryllium :
Key Facts –
1. Beryllium is hard, brittle and grey-white metal.
2. Occupational exposure to beryllium occurs at places where the chemical is
mined, processed, or converted into metal, alloys, and other chemicals.
Workers engaged in machining metals containing beryllium, recycling
beryllium from scrap alloys, or using beryllium products may also be exposed
to higher levels of beryllium.
3. In certain workplaces, you can be exposed to higher-than-normal levels of
beryllium, mostly in the form of beryllium oxide and beryllium metal.
4. Beryllium metal and metal alloys may be found in consumer products such as
electronic devices (e.g., televisions, calculators, and personal computers) and
special nonsparking tools. Direct contact with beryllium metal and metal alloys
is not likely, since these materials are typically enclosed within a protected
case that prevents exposure.
Health Effects Associated with Exposure to Beryllium The most common health effects associated with overexposure to beryllium in the
workplace include: beryllium sensitization, chronic beryllium disease (CBD), and
lung cancer.
Beryllium Sensitization - Beryllium sensitization is the activation of the body’s
immune response to beryllium. Beryllium sensitization can result from inhalation or
skin exposure to beryllium dust, fume, mist, or solutions. While no clinical
symptoms are associated with sensitization, a sensitized worker is at risk of
developing CBD when inhalation exposure to beryllium has occurred.
Chronic Beryllium Disease - CBD is a chronic granulomatous lung disease caused
by inhaling airborne beryllium after becoming sensitized to beryllium. The common
symptoms of CBD are shortness of breath, unexplained coughing, fatigue, weight
loss, fever, and night sweats. Progression of CBD can vary among individuals. For
instance, after initial exposure to beryllium, some workers may quickly develop
signs and severe symptoms of CBD. Others may not experience signs and
symptoms until months or years after initial exposure. The symptoms can
sometimes worsen even after the worker has been removed from exposure. CBD
can progress to a chronic obstructive lung disorder, resulting in loss of quality of
life and the potential for decreased life expectancy.
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CBD shares many signs and symptoms with pulmonary sarcoidosis, a
granulomatous lung disease of unknown cause or origin. Without appropriate
diagnosis, CBD may be difficult to distinguish from sarcoidosis.
Lung cancer - Based on numerous studies in occupational settings, OSHA has
determined that occupational exposure to beryllium causes lung cancer in humans.
In addition, the International Agency for Research on Cancer (IARC) classifies
beryllium as a Group 1 carcinogen (carcinogenic to humans).
Acute Beryllium Disease (ABD) - Acute beryllium disease (ABD) is a rapid onset
form of chemical pneumonia that results from breathing high airborne
concentrations of beryllium. ABD is generally associated with exposure to
beryllium levels at or above 100 µg/m3 and may be fatal in 10 percent of cases.
Medical Surveillance
The purpose of medical surveillance is to detect and eliminate the underlying
causes of observed health effects from hazards. Medical surveillance programs
can contribute to the success of workplace health and safety programs by
identifying potential problem areas and verifying the effectiveness of existing
control and prevention programs.
Under the beryllium standards, OSHA requires employers to offer medical
surveillance to workers who meet one of the following conditions: is or is
reasonably expected to be exposed above the action level of 0.1 µg/m3 for 30
days in a year; show signs or symptoms of CBD; were exposed to beryllium during
an emergency; or have received a recommendation for continued medical
surveillance from a physician or other licensed health care professional from the
most recent medical examination.
The medical surveillance requirements within the beryllium standards include the
following provisions:
The medical examination must include:
•

•
•
•
•
•

Medical and work history with emphasis on past and present airborne
exposure to or dermal contact with beryllium, smoking history, and any history
of respiratory system dysfunction
Physical examination with emphasis on the respiratory system
Physical examination for skin rashes
Pulmonary function tests
Beryllium lymphocyte proliferation test i.e. BeLPT or other equivalent test)
Any other test deemed appropriate by the Physician.
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Treatment
There is no cure for CBD. Treatment for CBD can vary for each patient, depending
on the severity of the disease. Treatment may include corticosteroids, oxygen, and
other means to ease symptoms or slow the disease progression.

Cadmium
Key Facts:
1. Cadmium is a naturally occurring toxic heavy metal.
2. Cadmium is used in nickel-cadmium batteries, electroplating, industrial paints,
etc.
3. Operations involving removal of cadmium paints by scraping or blasting may
pose a significant hazard.
4. “Itai-itai” or ouch-ouch disease was first described in post-menopausal
Japanese women exposed to excessive levels of cadmium over their lifetimes.
The women were exposed through their diet because the region of Japan in
which they resided was contaminated with cadmium.
Health Hazards:
1. Chronic occupational exposure to cadmium fumes and dusts with increased
risk of chronic obstructive lung disease and emphysema.
2. Chronic cadmium inhalation is also suspected to be a possible cause of lung
cancer.
3. Other respiratory effects of chronic occupational exposure to cadmium include
chronic rhinitis, destruction of the olfactory epithelium with subsequent
anosmia as well as the development of bronchitis.
4. Cadmium nephrotoxicity may follow chronic inhalation or ingestion which
includes, progressive renal tubular dysfunction. The first sign of renal
abnormalities occur at 2 µg/g creatinine and are microscopic tubular
proteinuria – the biomarkers are β2-microglobulin, ά1-microglobulin. At urinary
cadmium levels of 4 µg/gCr, enzymes such as N-acetyl-B-glucosaminidase
(NAG) are elevated in urine and signs of glomerular damage including
increased albumin in the urine and a decrease in glomerular filtration rate are
seen. In the final stages of cadmium nephropathy, glycosuria, wasting of
calcium and phosphate, and altered calcium metabolism with secondary
effects on the skeleton of osteoporosis and osteomalacia are seen.
5. Sufficient cadmium exposure can also lead to decreased GFR and chronic
renal failure manifested by: aminoaciduria, glucosuria, hypercalcuria,
hyperphosphaturia, polyuria, and reduced buffering capacity for acids.
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6. Kidney stones are more common in cadmium-exposed populations, especially
in exposed workers. Lifetime prevalence rates of 18%to 44% have been
found, compared to rates less than 5% in control populations. Stone formation
probably results from cadmium-induced renal damage leading to
hypercalciuria and hyperphosphaturia, but other contributing factors may
include uric aciduria, reduced urinary citrate, and renal tubular acidosis.
7. Clinically significant bone lesions usually occur late in severe chronic cadmium
poisoning and include pseudofractures and other effects of osteomalacia and
osteoporosis. Pseudofractures are spontaneous fractures that follow the
distribution of stress in normal skeleton or occur at sites where major arteries
cross the bone and cause mechanical stress through pulsation.
8. Symptoms and signs of “itai-itai” disease include –
§

severe osteoporosis and osteomalacia with simultaneous severe renal
dysfunction

§

normochromic anemia and low blood pressure sometimes also occur

§

average urinary cadmium level in these patients is 20-30 ìg/g-creatinine of
cadmium in urine

Treatment:
Immediate considerations:
After evaluation of the airways, breathing and circulation, protection and care is
necessary. The gastrointestinal tract should be irrigated to remove cadmium
containing solutions. Acute or chronic ingesting of cadmium salts is rare, but it may
lead to death. The lowest lethal dose of Cd is 5 gr in a 70 kg man. If emesis has
not occurred, gastric lavage is preferred.
Chelating agents
Ethylenediaminetetraacetic acid (EDTA): EDTA significantly increased urinary
elimination of cadmium. One important point is that EDTA may increase Cd
content in the kidneys and may increase the risk of renal dysfunction. Normal dose
of EDTA is 500 mg of Ca2+ EDTA in combination with 50 mg/kg of glutathione
(GSH) via IV infusion over the next 24 hours and repeated over 12 consecutive
days. Renal dysfunction could be reversed if its initial urine cadmium concentration
is <10 µg/gr of creatinine. Urine cadmium concentration more than 10 µg/gr of
creatinine may induce irreversible renal damage.
Dimercaprol: Dimercaprol [British anti- Lewisite (BAL)] is efficient antidote in
heavy metal poisoning. BAL and their analogues meso-2, 3-dimercaptosuccinic
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acid DMSA and 2, 3-dimercapto-1-propanesulfonic acid DMPS are used as
antidote course of therapy for heavy metal poisoning.
Dithiocarbamates: Dithiocarbamate derivatives have been used in many fields
such as; agriculture, manufacturing, and medicine. N- tetramethylene
dithiocarbamate (ATC) is one of derivatives of dithiocarbamates with chelating
action. It enhances the urinary and biliary excretion of cadmium, also reduces the
side effects and general symptoms of poisoning.

Chromium:Properties:- Hard Silvery White metal. It is found in trivalent & Hexavalent State.
1. Trivalent:- Non Toxic, e.g. Chromium Oxide, Chromium Sulphate
2. Hexavalent:- Irritant, Corrosive, Carcinogenic e.g. a hexavalent Chromium:enters through all three routes i.e.
a) Lungs b) Gut c) Skin:- But poorly absorbed by skin.

Why Trivalent is less toxic?
As the Absorption is very poor, it is rapidly excreted through urine, with
biological half life of 15 to 41 hours.

Toxicity:1. Contact Dermatitis:- It acts as a Sensitizer
2. Occupational Asthma
3. Chrome Ulcers or chrome holes:- Notifiable Occupational Disease. Ulcers are
circular well demarcated lesions, which look as if they have been punched out
of the skin. They are only slightly painful & tend to heal spontaneously, but
may be troublesome if secondarily infected.They can, however, be treated
adequately with 10% solution of Calcium Edtate
4. Perforation of Nasal Cartilaginous Septum
5. Chronic Rhinitis
6. Chronic Bronchitis
7. Conjunctivitis
8. Keratitis
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9. Ulcerations in the eyelids
10. Inhalation of Large Concentration may cause :a. Cough
b. Wheezing
c. Inspiratory Pain
d. Fever
e. Loss of Weight
f. Pulmonary Oedema
11. Renal Damage
12. Lung Carcinoma

Cobalt:
Key Points –
1. Cobalt is a naturally occurring element found in rocks, soil, water, plants, and
animals.
2. Cobalt is used to produce alloys used in the manufacture of aircraft engines,
magnets, grinding and cutting tools, artificial hip and knee joints.
3. Cobalt compounds are also used to colour glass, ceramics and paints, and
used as a drier for porcelain enamel and paints.
4. Radioactive cobalt is used for commercial and medical purposes. 60Co (read
as cobalt sixty) is used for sterilizing medical equipment and consumer
products, radiation therapy for treating cancer patients, manufacturing plastics,
and irradiating food. 57Co is used in medical and scientific research.
5. It takes about 5.27 years for half of 60Co to give off its radiation and about 272
days for 57Co; this is called the half-life.

Health Hazards :
Acute exposure: Acute exposure to cobalt metal, dust, and fume is characterized
by irritation of the eyes and, to a lesser extent, irritation of the skin. In sensitized
individuals, exposure causes an asthma-like attack, with wheezing,
bronchospasm, and dyspnea Ingestion of cobalt may cause nausea, vomiting,
diarrhea, and a sensation of hotness.
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Chronic exposure: Chronic exposure to cobalt metal, dust, or fume may cause
respiratory or dermatologic signs and symptoms. Following skin sensitization,
contact with cobalt causes eruptions of dermatitis in creases and on frictional
surfaces of the arms, legs, and neck. Following sensitization of the respiratory
system, cobalt exposure causes an obstructive lung disease with wheezing,
cough, and shortness of breath. Chronic respiratory exposure results in reduced
lung function, increased fibrotic changes on chest X-ray, production of scanty
mucoid sputum, and shortness of breath. Chronic cobalt poisoning may cause
polycythaemia, hyperplasia of the bone marrow and thyroid gland, pericardial
effusion, and damage to the alpha cells of the pancreas.
Carcinogenicity- International Agency for Research on Cancer (IARC) haslisted
cobalt and cobalt compounds within group 2B (agents which are possibly
carcinogenic to humans). ACGIH has placed cobalt and inorganic compounds in
category A3 (Experimental animal carcinogen- the agent is carcinogenic in
experimental animals at a relatively high dose, by route(s), histologic type(s), or by
mechanism(s) that are not considered relevant to worker exposure.)
Controls: Methods that are effective in controlling worker exposures to cobalt
metal, dust, and fume, depending on the feasibility of implementation, are as
follows:
•

Process enclosure

•

Local exhaust ventilation

•

General dilution ventilation

•

Personal protective equipment

Remove an incapacitated worker from further exposure and implement appropriate
emergency procedures. All workers should be familiar with emergency procedures,
the location and proper use of emergency equipment, and methods of protecting
themselves during rescue operations.

Extinguishant: DO NOT USE WATER. Dry sand, dry dolomite, dry graphite
powder, or sodium chloride have been recommended for fighting fires involving
cobalt. Fires involving cobalt metal, dust, and fume should be fought upwind from
the maximum distance possible. Isolate the hazard area and deny access to
unnecessary personnel. Firefighters should wear a full set of protective clothing
and self-contained breathing apparatus when fighting fires involving cobalt metal,
dust, and fume.

61	
  
	
  

Copper:
Key facts –
1. Copper is a reddish metal that occurs naturally in rock, soil, water, sediment,
and, at low levels in air.
2. Excellent Electrical Conductor, corrosion resistant & malleable.
Uses & Occurrences :1. Electrical wiring
2. Production of Alloys:- Brass = Cu + Zn, Bronze = Cu + Sn (Tin),
Monel = Cu = Ni, Copper + Beryllium
3. Used in Rayon Production
4. Pigments production
5. Fungicide, Algaecide Production
Copper influences specific gene expression & serves as a Co-Factor for several
oxidative enzymes like Cytochrome C Oxidase & ALAD.
Agene on X chromosome control absorption. Another is Xq 13,3 associated with
accumulation of Copper in the body.
Metabolism:It is absorbed from the intestine by peptides & amino acids & transported to liver or
bound with Metallo-Thionein like proteins within the mucosal cells. Excess Copper
is excreted in the bile, where it is firmly bound to amino acid, which prevents its
reabsorption. It can inhibit SH(SulphHydril ) group of enzymes like G6PD &
Glutathione Reductase, which are important in protecting cells from free Oxygen
Radicles.
Toxicity/Clinical features:1. Metal Fume Fever.
2. Dermatitis when in contact with copper dust.
3. Very High Exposure may cause – Greenish discoloration of tongue, hair
&superficial greenish staining of teeth.
4. Copper ingested accidently or deliberately may cause nausea, vomiting,
hemorrhagic gastritis & diarrhea and may lead to hemolytic anemia.
5. Granulomatous lung disorder followed by interstitial fibrosis, seen mainly
incopper sprayers due to inhalation of the copper dust or mist.
6. Granuloma of Liver.
7. Wilson’s Disease
Treatment:-Penicillamine given in the same way as it is given in Wilson’s Disease.
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Fluoride:
Key facts –
1. Ingestion of excess fluoride, most commonly in drinking-water, can cause
fluorosis which affects the teeth and bones.
2. Moderate amounts lead to dental effects, but long-term ingestion of large
amounts can lead to potentially severe skeletal problems. Paradoxically, low
levels of fluoride intake help to prevent dental caries.
3. The control of drinking-water quality is therefore critical in preventing fluorosis.
4. Dental effects of fluorosis develop much earlier than the skeletal effects in
people exposed to large amounts of fluoride.
5. Clinical dental fluorosis is characterized by staining and pitting of the teeth. In
more severe cases all the enamel may be damaged.
6. However, fluoride may not be the only cause of dental enamel defects.
Enamel opacities similar to dental fluorosis are associated with other
conditions, such as malnutrition with deficiency of vitamins D and A or a low
protein-energy diet.
7. Ingestion of fluoride after six years of age will not cause dental fluorosis.

Mechanism of fluoride action The primary and most important action of fluoride is topical, when the fluoride ion
is present in the saliva in the appropriate concentration. Hydroxyapatite is the
main mineral responsible for building the permanent tooth enamel after the
development of the teeth is finished. During tooth growth, the enamel is constantly
exposed to numerous demineralization processes, but also important
remineralization processes, if the appropriate ions are present in the saliva. These
processes can either weaken or strengthen the enamel. The presence of fluoride
in an acidic environment reduces the dissolution of calcium hydroxyapatite. The
main action is inhibition of demineralization of enamel, which is carried out through
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different mechanisms. There are different cariogenic bacteria in the plaque fluid
the most important being S. mutans. When bacteria metabolize sugars, they
produce lactic acid which decreases the pH in saliva. When the pH falls below the
critical level of hydroxyapatite (pH 5.5), the process of demineralization of enamel
takes place and caries is formed. At the beginning, the process is reversible and it
is possible to reduce the formation of new lesions with appropriate preventive
measures. If fluoride is present in plaque fluid, it will reduce the demineralization,
as it will adsorb into the crystal surface and protect crystals from dissolution.
Because the fluoride ion coating is only partial, the uncoated parts of the crystal
will undergo dissolution on certain parts of the tooth, if the pH falls below level 5.5.
When the pH rises above the critical level of 5.5, the increased level of fluoride ion
leads to remineralization, because it absorbs itself into the enamel and forms
fluorhydroxyapatite. After repeated cycles of demineralization and remineralization,
the outer parts of enamel may change and become more resistant to the acidic
environment due to a lowered critical pH level of newly formed crystals (pH 4.5).
The most important effect of fluoride on caries progression is thus on
demineralization and remineralization processes. It has also been proposed, that
the fluoride ion can affect the physiology of microbial cells, which can indirectly
affect demineralization. Fluoride ions affect bacterial cells through several
mechanisms. One of them being a direct inhibition of cellular enzymes – glycolytic
enzymes, H+ATPases). It affects cellular membrane permeability and also lowers
cytoplasmic pH, resulting in a decrease in acid production from glycolysis .
Exposure –
Employees in Phosphate fertilizer manufacture, basic oxygen furnaces in steel
plants, aluminium reduction cell room operations, cryolite plant or fluorspar miners
are at great risk.
Health Hazards Chronic high-level exposure to fluoride can lead to skeletal fluorosis. In skeletal
fluorosis, fluoride accumulates in the bone progressively over many years. The
early symptoms of skeletal fluorosis, include stiffness and pain in the joints. In
severe cases, the bone structure may change and ligaments may calcify, with
resulting impairment of muscles and pain.
Acute high-level exposure to fluoride causes immediate effects of abdominal pain,
excessive saliva, nausea and vomiting. Seizures and muscle spasms may also
occur.
The cause Acute high-level exposure to fluoride is rare and usually due to accidental
contamination of drinking-water or due to fires or explosions. Moderate-level
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chronic exposure (above 1.5 mg/litre of water - the WHO guideline value for
fluoride in water) is more common. People affected by fluorosis are often exposed
to multiple sources of fluoride, such as in food, water, air (due to gaseous industrial
waste), and excessive use of toothpaste. However, drinking water is typically the
most significant source. A person's diet, general state of health as well as the
body's ability to dispose of fluoride all affect how the exposure to fluoride manifests
itself.

Distribution Approximately 25% of blood fluoride is in the plasma and remaining on
erythrocytes. All organs and tissue contains fluoride, but highest conc. Found in
bones as fluorapatite.
Assessment of exposure Environmental assessment – by air sampling in breathing zone with the help of
personal sampler.
Biological assessment –Most specific indictor of fluoride is, urine fluoride
concentration and measured with ion specific electrodes.
Scope of the Problem The prevalence of dental and skeletal fluorosis is not entirely clear. It is believed
that fluorosis affects millions of people around the world, but as regards dental
fluorosis the very mild or mild forms are the most frequent.
Interventions Removal of excessive fluoride from drinking-water is difficult and expensive. The
preferred option is to find a supply of safe drinking-water with safe fluoride levels.
Where access to safe water is already limited, de-fluoridation may be the only
solution. Methods include: use of bone charcoal, contact precipitation, use of
Nalgonda or activated alumina (Nalgonda is called after the town in South India,
near Hyderabad, where the aluminium sulfate-based defluoridation was first set up
at a water works level). Since all methods produce a sludge with very high
concentration of fluoride that has to be disposed of, only water for drinking and
cooking purposes should be treated, particularly in the developing countries.
Health education regarding appropriate use of fluorides Mothers in affected areas should be encouraged to breastfeed since breast milk is
usually low in fluoride.
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LEAD:
Key facts –
There are two types of lead
1. Organic Lead :- Most Toxic Organic lead is TEL (Tetra Ethyl Lead), and least
toxic is TML (Tetra Methyl Lead)
2. Inorganic Lead :Chromate

1) Most Toxic is Lead Oxide 2) Least Toxic is Lead

One of the most widely used metal is lead because –
•

It is a heavy metal

•

Anticorrosive

•

Melting Point is low

•

Malleable

•

It can be used as alloy

Uses& occurrences :- 1) Lead Acid Battery Industry 2) Alloy Industry 3)
Plumbing operation 4) Organic lead is used in Automotive Industry 5) used as
anti knocking agent in vehicle fuel 6) Paint Industry.
Inorganic Lead:Uptake (Absorption) :1. Inhalation:- Inorganic lead is absorbed through inhalation (Metal Fumes) e.g.
Lead Acid Battery
2. Ingestion:- Toxic particulate matter also can enter the body by ingestion, most
of the time accidental, especially if the hands are not washed properly before
smoking or eating.
3. Skin Absorption:inhalation.

Main route of absorption is through skin & then comes

Distribution of inorganic lead in the body:- When lead enters the body it has 3
pools.
a) Rapidly Exchangeable Pool :- Mainly Blood & is responsible for the toxicity.
Small amount in soft tissue.
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b) intermediate Pool:- Maximum in the soft tissue
c) Skeletal Pool:- When it enters into skeletal system, it is difficult to convert
body burden. Two types of Skeletal Pools:i.

Easily Exchangeable Pool:- Bone Marrow Pool &Trabicular bones.

ii.

Slow Exchangeable Pool:- Compact bone & Dentine.

Most important is a blood pool. It gives toxicity. It also gives indication of current
exposure to lead. After distribution in the body it is eliminated in the urine. Urine
concentration is indicative in organic lead. Small amount of inorganic lead is also
eliminated through sweat, saliva & mother’s milk.
TEL (Tetra Ethyl Lead) is de-alkylated in the liver to Tri Ethyl form, which then
spontaneously de-alkylates again to di ethyl form. This diethyl form is excreted in
the bile & further de-alkylated ib the gut to ionic lead. Di-ethyl lead (DEL) is the
only metabolite of tetra-ethyl form(TEL), that appears in the urine.
Person may have more blood lead level but not have symptoms, then it is not
considered as lead poisoning. But this is the Action Taking Step, @ 70 to 80micro
Gms. At this level the person should be removed from exposure & treated.
Mechanism of Action:1. It has very high affinity for SulphHydryl group (SH). Thus it is able to inhibit
the activity of enzymes which depend upon SH for their proper functioning.
Two main enzymes inhibited are 1) 5-Amino Laevulinic Acid Dihydratase
(5ALAD) & 2) Ferrochelatase. Both of them are responsible for Haem
Synthesis.
2. It has got some opposite action to Calcium. So it competes with Calcium.
Thus if Calcium is given it replaces lead and lead is excreted in the urine. The
metabolism of lead mimics that of calcium in many respect, and it
competitively inhibit the action of calcium at some important sites e.g.
Synapts& During Mitochondrial Respiration.
3. Research work:-It inhibits or may affect DNA & RNA in vitro.

Toxicity:A. Gastro Intestinal Tract:- Constipation followed by pain in abdomen. This pain is
not believed by antispasmodic. But just by pressing the abdomen the pain
subsides. If the antidote is given the pain is reduced.
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Colicky pain, Anorexia, Constipation, Dyspepsia, few may will have Diarrhoea,
Bad Taste in the mouth.
B. Central Nervous System:1. Peripheral Neuropathy, almost always motor & produce weakness of
muscles mainly the long
2. Extensors of the limbs
3. Progressive fatigue &Lithargy
4. Wrist drop & Foot drop is the typical feature
5. Organic Psychosis
6. Cerebral Oedema
7. Severe Encephalopathy with impaired consciousness, confusion known as
Lead Encephalopathy
C. Renal:1. Severe & Progressive Renal Insufficiency along with a) Interstitial Fibrosis
& b) Secondary
2. Hypertension
3. Fanconi like Syndrome:- Mainly found in children. Characterized by
a) Amino acid urea
b) Glycosurea
c) Hyper Phosphateurea
D. Cardio-Vascular System:1. High B.P.,
2. Increased cardiovascular disorders
E. Skeletal:
1. Arthralgia
2. Gout sometimes associated with nephropathy. Lead also interferes with
normal
F. Urate metabolism & produce Gout
G. Blue Line of the Gum (Burtonian Line):- If the person’s oral hygiene is not
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H2S + PbO = PbS + H2O
This Blue Line is a confirmation of exposure but not of lead poisoning.
H. Blood:1. Anaemia
2. Pallor, but this pallor is not because of anaemia, but due to Cutaneous
Vasoconstriction
3. Basophilic Stippling or Stippled Cells found in inorganic chronic lead
poisoning
I. Intelligence Quotient:- Mainly in children
J. Liver:- Cirrhosis of Liver
K. Growth Arrest Line:- Band of increased density on radiograph at the growing
ends of long bones & Phalanges is seen in children with lead poisoning
L. Reproductive System:1. In females, lead affects reproductive capacity to protect foetus. If the lead
level is more than 30 microGm/DL level then the foetus suffers.
2. In males, lead poisoning affects the sperm quality above lead level of 40
micruGm/DL.

Diagnosis:- Biochemical or Biological estimation for Blood Lead.
Test Value

Interpretation

Upto 9 MicroGm/DL

Unexposed normal individual

10 to 42 MicroGm/DL

Acceptable level for chronic long term exposure.
Retest after 6 months

43 to 53 MicroGm/DL

Exceedance of OSHA level. Close observation &
follow up is indicated. Retest after 2 months

Above 53 MicroGm/DL

Removal from exposure. Retest after 2 weeks

Above 70 MicroGm/DL

Toxic symptoms may begin to appear

How to diagnosis if exposure is less than 2 weeks:1. Blood 5AIAD (5 Amino Laevulinic Acid Dihydrates) activity:- Normal is less
than 6 European Units.
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2. Exposure is more than 2 weeks but is less than 2 months:- Urine ALA( Amino
Laevulinic Acid level. Normal is 5 mg of ALA/Gm of Creatinine.
3. Exposure is more than 2 months then ZPP which is very very important.
Zinc Proto Porphyrine (ZPP):- A large scale estimate can be done by this
method. WhenExposure is more than 2 months blood ZPP concentration is
estimated. Normal level is 2 MicroGm/Gm of Hb. But there is a neutral period
from normal level to toxic level. Toxicity is seen at 20 MicroGm/Gm of Hb. So
2 to 20 is no man’s land.
Management:1. If signs & symptoms are seen and the blood lead level is crossing the
permissible exposure limit, then the treatment to be started immediately.
2. Penicillamine Orally:- Dose 1gm/day for an adult in divided doses X 5 days. If
the level dose not go down treatment may be repeated.
3. Na-Ca-Edtate:- 50 to 70 mg/Kg/day in two divided doses, as slow IV X 5 days.
It will relieve the abdominal pain within few hours.
4. Other chelating agents are rarely used.
•

3-Di Mercapto Propane Sulfonate (DMPS)

•

Di Mercapto Succinic Acid (DMSA)

These two are derivatives of BAL are less toxic.

Organic Lead:Clinical features:1. Abdominal discomfort & Anorexia
2. Symptoms begin with numbness in head & hands.
3. Diziness, Headache &Vertigo
4. Blurred vision specially in Dim Light
5. Heard strange sounds
6. Insomnia
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Biological Estimation:1. Blood level does not increase above 50 microGm/DL, sometimes not at all. So
blood examination is useless.
2. Thus in organic lead ZPP &Porphyrin levels are measured.
3. Urine Examination is Most Helpful. Urinary level of lead is most important.
Confirmatory laboratory test: Normal Level:- 150 to 350 microGm/Lit
Sometimes symptoms develop much earlier than the blood levels.
Management:- For Organic No Chelating Agent is useful. Only Dizepam is given
for psychiatric treatment.

Manganese:
Key facts –
1. Pure manganese is a silvery white metal, but usually it is prepared as reddish
grey brittle & extremely Hard Metal.
2. Manganese is a trace element and is necessary for good health.

Uses & Occurrences:1. Manganese is used principally in steel production to improve hardness,
stiffness, and strength. It is used in carbon steel, stainless steel, hightemperature steel, and tool steel, along with cast iron and superalloys and also
known as Ferro-Manganese, Silico-Manganese or Manganine.
2. Used in dry cell batteries, paint, ink, varnishes, firework, matches, fertilizers,
drugs, potassium per manganate is used as oxidizing agent.
Metabolism:1. It is an essential element of the body required for enzymes responsible for
normal functioning of CNS, Skeletal & Respiratory System. They are mainly
glutamine synthetase& manganese superoxide dismutase.
2. It is poorly absorbed from the gut. In blood it is bound predominantly with
RBCs. It is excreted mainly through Bile & small mount appears in the urine.
Excretion through gut is enhanced by iron deficiency anaemia.
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Toxiity/Clinical features:1. It is mildly irritant to Eyes, Skin, & Mucous Membrane.
2. Inhalation may produce an inflammatory reaction to lungs leading to increased
susceptibility to infections.
3. Parkinson’s disease:The most serious consequences of Manganese
Poisoning is Parkinson’s disease. It is insidious & said to pass through 3
stages
a. Stage 1:- There are no specific signs & symptoms of poisoning but the
workers may complain of
i) Anorexia
ii) Apathy
iii) Muscular Cramps
iv) Joint Pain
v) Irritability
vi) Lassitude
b. Stage 2:i) Signs of Dysarthria
ii) Disturbance of gait
iii) Excessive salivation
iv) Organic Psychosis known as Manganic Madness, which
disappears when actual disease starts.
c. Stage 3:i) Akinesia & Rigidity:- Most pronounced in lower limbs
ii) Muscle Pain, parasthesia&disturbance of speech.
iii) Tremors:- Intensive tremors & NOT a Resting Tremors as
seen in Idiopathic Parkinsonism
iv) Dystonia:- Present in Manganese but not in Ideopathic
Parkinsonism.
In true Parkinsonism the area of brain most affected is Substantia Nigra.The
Stratum & Palidium are generally little affected although their Dopamine
Concentration in much reduced.
Diagnosis:- Diagnosis may be confirmed on CT or MRI scan.
Treatment:1. Removal from Exposure
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2. EDTA OR
3. LDOPA OR
4. More recently Sodium Para Amino Salicylic Acid as a chelating agent

Mercury:
Key facts –
1. Mercury is a naturally occurring element that is found in air, water and soil.
2. Exposure to mercury – even small amounts – may cause serious health
problems, and is a threat to the development of the child in utero and early in
life.
3. Mercury may have toxic effects on the nervous, digestive and immune
systems, and on lungs, kidneys, skin and eyes.
4. Mercury is considered by WHO as one of the top ten chemicals or groups of
chemicals of major public health concern.
5. People are mainly exposed to methylmercury, an organic compound, when
they eat fish and shellfish that contain the compound.
6. Methylmercury is very different to ethylmercury. Ethylmercury is used as a
preservative in some vaccines and does not pose a health risk.

Types of Mercury:•

Elemental

•

Organic

•

Inorganic

Metabolism:1. Inhalation:- Uptake through inhalation, vapours&compounds are absorbed
through inhalation.
2. Ingestion:- Organic & Inorganic forms are absorbed through this route, but
organic forms are absorbed more through this route.
3. Skin:- Both Organic & Inorganic has same route of absorption.
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Distribution:- It has great affinity for Ethyl Group & distributed to sulphur
containing ligands (ion or a molecule which binds to central metal atom). It is able
to combine with & inhibit the action of enzymes containing SH Group. In the blood
inorganic mercury is distributed almost equally between RBCs & Plasma, whereas
the compounds like Methyl Mercury is concentrated 10 to 20 folds in RBCs.
Principle target organs are CNS & Kidneys. It can cross rapidly the blood brain
barrier.
Excretion:- It is excreted into urine & faeces& may also found in sweat, saliva &
breast milk. Organo mercury are excreted in the bile & then reabsorbed from the
gut.

Toxicity:A. Acute Toxicity:- Accidental or deliberate ingestion.
Effects:1. Pain, inflammation, oedema& necrosis of oropharyngeal mucosa.
2. Nausea, Vomiting, Severe Abdominal Pain
3. Renal Damage with
a. Albuminurea
b. Hematurea
c. Oligourea
d. Excretion of casts
4. Acute papillary Necrosis in severe cases
5. Chemical Colitis with bloody diarrhea
6. Tremors
7. Ataxia
8. Cerebral Oedema
9. Shock
10. Death
Chemical Pneumonitis:- If plenty of Mercury vapours are inhaled it causes
Chemical Pneumonitis characterised by cough, dyspnoea, retrosternal pain, basal
late inspiratory crackles, patchy shadows on X-Ray Chest, Haemoptysis&
pulmonary Oedema.
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B. Chronic Poisoning:I.

GIT:1. Gingivitis:- Most common in people with poor oral hygiene, which may
cause loosening or loss of teeth.
2. Hypersalivation known as Mercury Ptyalism
3. Unpleasant bitter metallic taste in mouth.
4. A slate gray or reddish, punctuate Pigmentation of buccal mucosa.
5. Blueish line on the dental margins of gum. H2S reacts with Sulphates
of Mercury.
6. Glossitis
7. pharyngitis
8. Gastritis

II.

CNS:1. Tremors:- Mainly in hands known as Mercuria Micro Parkinsonism,
2. Hater’s Shake – Head shaking, Mad Hater’s Syndrome
3. Ataxia:- Resulting in walking difficulties.
4. Speech Defects
5. Peripheral Neuropathy mainly due to Organic Mercury.
6. Parasthesia of the extremities & Around the Mouth
7. In fatal cases the ventral & dorsal roots of spinal cord have been found
to have undergone axonal degeneration & have loss of Mylin Sheath.
So the clinical picture will be of, Parkinsonism, Multiple Sclerosis or
Cerebrellar Disease but there is no nystagmus.

III.

Eyes:- Haemorrhages in the lens known as MercuriaLentis.

IV.

Kidneys:1. Usual effect is Tubular Damage, more in case of Inorganic than Organic
Mercury.
2. Glomerulus may also be damaged leading to albuminurea.
3. Nephrotic Syndrome may develop mainly in Inorganic.

V.

Erythysm: It is a form of Organic Psychosis characterised by
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1. Morbid Irritability
2. Mental Hyperactivity
3. Outburst of temper.
4. Memory impairment
5. Difficulty in Concentration
6. Depression
7. Somnolence
VI.

Minamata’s Disease:- First noted at the end of 1953, when as unusual
neurological disorder began to affect the villagers living on Minamata Bay
on the southern coast of most southern of the main island of Japan. It was
commonly referred to as “Kibyo” i.e. Mistry Illness. Both the sexes and all
ages are equally affected.
Signs & Symptoms were those of
Polyneuropathy with Cerebellar Ataxia, Dysarthria, Deafness &
Disturbance of Vision (Tubular Vision, loss of Peripheral Vision). Prognosis
is Poor, Case Fatality Rate was 40%.

Treatment:Acute Poisoning:- It is a Medical Emergency. Purpose of the treatment is to
eliminate the Mercury from the Body & Resuscitation.
1. First Aid:- To Administer 4 Glasses of Milk as an emulsion.
2. Emergency Tracheostomy if needed.
3. Gastric Lavage with 10% Soda Bicarbonate Worm Solution.
4. If Organic Mercury is involved 3 to 6 Sachets of the Basic Anion Exchange
5. Resin Known as “Cholesteramine” should be administered before the Gastric
Lavage tube is withdrawn, as sequestration of bile salts increases faecal
excretion of the compound.
6. Chelating Agents:a. IV Infusion of Na-CaEdtate or Oral Penicillamine 1 to 4 Gms daily in 4
divided doses.
b. IM Injection of Dimercaprol (BAL) is extremely effective for Inorganic
Mercury. Dose 2.5 Mg./Kg body weight, repeated at 4 hours of interval for
2 days, then twice daily for 10 days or till recovery. It is contraindicated in
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case of Organic Mercury, as it enhances its passage through blood brain
barrier.
c. If these drugs are not available then give 100 Ml of 5% Sodium Sulphate,
500-1000 Ml Ringer Lactate solution.
6. Alkaline Diuretics with physiological Saline i.e. 5% Dextrose with 1.26%
Bicarbonate solution.
7. In case of Acute Inhalation:a. Moist Oxygen inhalation
b. Bronchodilators
c. Antibiotics
d. Mechanical Ventilation
e. Steroids if needed
Chronic Poisoning:- There is no effective treatment for chronic mercury
poisoning. But for organic mercury, Penicillamine, BAL or Mercapto Propio
Glycene may be useful to induce urinary excretion.

Nickel –
Key facts –
1. Pure nickel is a hard, silvery-white metal, which has properties that make it
very desirable for combining with other metals to form mixtures called alloys.
2. Some of the metals that nickel can be alloyed with are iron, copper, chromium,
and zinc. These alloys are used in making metal coins and jewelry and in
industry for making items such as valves and heat exchangers.
3. Many of nickel compounds are water soluble (dissolve fairly easily in water)
and have a characteristic green color.
4. Nickel and its compounds have no characteristic odor or taste.
5. Nickel compounds are used for nickel plating, to color ceramics, to make some
batteries, and as catalysts.
Uses & occurrences :1. Used as alloy, mainly for Stainless Steel.
2. Aero Engine Industries.
3. As a corrosive Resistant.
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4. Nickel Cadmium Rechargeable Batteries.
5. Nickel Oxide with other metal oxides can produce as alloy called as “Spinels”.

Health Hazards:1. Contact Dermatitis:- It is diagnosed by Patch Test & Lymphocyte Proliferation
Test
2. Nickel Itch also Known as Nickel Rash.
3. Bronchial Asthema:- Occupational Asthma due to inhalation of soluble Nickel
or Nickel Oxide Fumes from Welding.
4. Carcinogenic:- Mainly Carcinoma of a) Pulmonary b) Nasal Sinus
5. Nickel Carbonyl:- Ni(CO)4 Very Hazardous, Dangerous, Gaseous

Mond Process:- Process of Purification of Nickel. Within the Nickel Ore Carbon
Monoxide (CO) is passed
Ni + CO = Ni(CO)4 + Nickel Dust
Nickel Carbonyl actually is a liquid with boiling point 43 ⁰C, but its vapours are
Highly Toxic. It is formed when CO is passed over finely divided Nickel at ambient
temperature and then at 180⁰C it deposits Nickel Metal of extremely pure quality,
called as Mond Process.
This gas is very dangerous, similar to Phosgene.
detected at 1-3 ppm/mᶟ

It has Brick Dust Odour,

Symptoms :- Exposure may cause
1. Headache
2. Dizziness
3. Nausea
4. Vomiting
5. Dyspnoea: Headache and dyspnea will disappear after removal from
exposure, but the worker should be kept under observation, because Potential
Lethal Sequence may arise for upto 36 hours later with a risk of •

Interstitial Pneumonitis

•

Pulmonary Oedema
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•

Cerebral oedema

•

Cerebral Hemorrhage

•

Death may follow 4 to 11 Days after Exposure.

Exposure to 30 ppm for 30 minutes is said to be Potentially Lethal to humans.
6. Carcinogenic:- Causes Cancer of a) Nasal Cavity b) Lungs c) Pharynx

When is it the consequence of Mond Process?
How to Diagnose if it is CO or Ni(CO)4 poisoning? === COHb if is normal then it
is Ni(CO)4 Poisoning.
Management:1. Disulfiram (Anta Boost):- In standard doses as early as possible.
2. Short Course of Prednisolon orally. 5 mg. X 4 times a day tapering in 5days
Patient should not take alcohol while on Disulfiram.

Biological Estimation:- By Urinary Nickel Estimation.
Normal level is less than 50 Micro Gm/ Lit in unexposed person.

Phosphorus :
Key facts –
1. Three forms of phosphorus are available – white or yellow (most toxic), red,
and black.
2. Yellow Phosphorus is a general protoplasmic toxin and is used in the
manufacture of fireworks, rodenticide, and fertilizers.Rodenticides are
available as powders or pastes containing 2%–5% of Yellow Phosphorus.
3. The estimated dose of Yellow Phosphorus that is lethal to the liver is 1 mg/kg,
and the ingestion of that amount results in death due to acute liver failure and
cardiovascular collapse.
4. Phosphorus does not occur in free state in the nature, as it oxidizes extremely
rapidly in contact with air. It is however, widely distributed in the form of
Phosphate Rocks, which is impure Calcium Phosphate & as
Chlorapatite&Fluropatite.
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Uses & Occurrences:1. Fire Work
2. Explosives
3. Production of chemicals, fertilizers, sugar, detergents, pharmaceuticals,
insecticides, rodenticides and match-stick making.
Toxicity:Most tragic of White Phosphorus is Phossy Jaw, discovered by Donald Hunter.
Phossy Jaw:- Onset is quite slow. Person who has cavities in teeth should not
go to the factories where phosphorus is being used. It takes 5 years to develop the
signs & symptoms. The disease is extremely painful & is a disfiguring condition.
The mandible becomes necrotic with the formation of osteoporotic sequestration &
abscess which discharge foul smelling pus. The mortality rate is 20% mainly due to
septicemia.

Treatment:1. Treatment of choice is surgical removal.
2. Treat if bony necrosis anywhere in the body.
3. Serious burns of skin due to contact with white phosphorus may be treated
with solution of Cellulose & 3% Copper sulphate with small amount of
LauroilSulphate
4. It is irritant to eyes, Respiratory Tract, mainly by Phosphoric Acid & Phosphoric
Sulphide.
5. Chemical exposure of White Phosphorus may cause
a. Thickened periostium
b. Tooth extraction allows bacterial access through the socket & onset of
Phosphorus Necrosis.
Phosphine (PH3):- It is a gas formed in different situations like
•

Manufacture of Acetylene

•

In the wetting process of Zinc & Aluminum Phosphide

•

In the cleaning of Sulphuric acid tank
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•

Manufacturing of Yellow Phosphorus explosives

Phosphine (Hydrogen Phosphide) is a colorless & flammable gas.

Uses:1. Synthesis of organo-phosphorus compounds.
2. Manufacture of Superconductors
3. As a fumigant (imp) in grain store

Toxicity/Clinical features:1. Headache
2. Weakness
3. Chest Tightness
4. Chest Pain
5. Nausea
6. Vomitting
7. Fainting
8. Severe epigastric pain
9. Pulmonary oedema
10. CNS :- Convulsions, Coma & Death.

Uranium:
Key facts –
1. Uranium is a common naturally occurring and radioactive substance. It is a
normal part of rocks, soil, air, and water, and it occurs in nature in the form of
minerals – but never as a metal.
2. Uranium metal is silver-colored with a gray surface and is nearly as strong as
steel. Natural uranium is a mixture of three types or isotopes called U234/234U, U-235/235U and U-238/238U. All three are the same chemical, but
they have different radioactive properties.
3. Typical concentrations in soil are a few parts per million ppm. Some rocks
contain high enough mineral concentrations of uranium to be mined. The rocks
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are taken to a chemical plant where the uranium is taken out and made into
uranium chemicals or metal. The remaining sand is called mill tailings. Tailings
are rich in the chemicals and radioactive materials that were not removed,
such as radium and thorium.
4. One of the radioactive properties of uranium is half-life, or the time it takes for
half of the isotope to give off its radiation and change into another substance.
The half-lives are very long around 200,000 years for 234U, 700 million years
for 235U, and 5 billion years for 238U. This is why uranium still exists in nature
and has not all decayed away.
5. The isotope 235U is useful as a fuel in powerplants and weapons. To make
fuel, natural uranium is separated into two portions. The fuel portion has more
235U than normal and is called enriched uranium. The leftover portion with
less 235U than normal is called depleted uranium, or DU. Natural, depleted,
and enriched uranium are chemically identical. Du is the least radioactive and
enriched uranium the most.

Uses & Occurrences:1. Production of Atomic Weapons
2. As a fuel in Atomic Nuclear Reactor
This is the only metal that has Physical (Ionizing) Hazards & Chemical Hazards.

Physical Hazards:1. Uranium ore contain in addition to metal itself, all its decay products, which
include Radium & its immediate daughter product Radon. This Gas (Radon)
diffuses out of rock in to atmosphere of the mines, where it further decays to
give isotopes of Polonium, Bismuth & Lead.
2. Radon & Polonium emits alpha α particles & produce harmful effects of
ionizing radiation. It has synergistic effect with smoking to develop Lung
Cancer.
All types of Lung Cancers have been found in Uranium Miners, but predominant is
undifferentiated Type.
Chemical Hazards:1. Effect on Kidneys:- When absorbed as soluble salt, it is toxic to proximal
tubules, leading to
a. Albuminuria
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b. Amino Acidurea
c. Release of Catalase & Phosphatase (Thus Urine Catalase level is
measured as a index of renal damage). Post shift Urinary Concentration
Should not exceed 250 MicroGm/ Lit.d) Renal Failure
2. Respiratory System:-Acute:a. Acute Respiratory Damage
b. Pulmonary Oedema
c. Pulmonary Fibrosis
d. lung Cancer
3. Blood:a. Anaemia (Due to damage of Haemopoietic Stem Cells)
b. Suppression of WBCs (within 24-48 Hrs of exposure first Lymphocytic
count goes down)
c. Leukemia
Management :
The following steps are relevant if a recent uranium overexposure poses a
potential health threat1. Remove the patient from the workplace or community source of overexposure,
since renal damage normally reverses after overexposure ends.
2. Externally decontaminate patients to reduce further overexposure if they have
residue from the exposure on them.
3. Provides advice and consultation on radiation emergency medicine.
4. Care of patients who have been overexposed to uranium, whether or not they
are symptomatic, should include the assessment of renal function to determine
if the exposure may have caused renal damage. This may include
measurement of uranium excreted in the urine (biomarker of exposure) as well
as abnormalities in the clinical urinalyses (biomarkers of effect), as mentioned
in the previous section.
Monitoring Daily urine samples should be collected after large accidental and should continue
for at least 2 weeks. The collection of 24-hour urine samples whenever possible is
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recommended. These samples can be used for both assessment of uranium
excretion and for clinical urinalysis.
For acute uranium nephrotoxicity, oral dose or infusions of sodium bicarbonate can
be administered to maintain alkaline with frequent monitoring of urine pH. Alkaline
urine prevents dissociation of the uranium-bicarbonate complex that protects the
renal tubular epithelium from exposure to the reactive uranyl ion. Forcing fluids to
increase urinary output is recommended.
Treatment 1. Chelating agents can significantly reduce the risk of acute uranium injury to the
kidneys. However, chelation must begin within 4 hours of exposure to be
effective, and it is most effective if given within a few minutes of the exposure.
Some authors have advised against the use of chelation because precipitation
of uranium in the kidney may cause additional damage. The avoidance of
calcium DTPA for chelation is mentioned, as it can increase bone deposition.

3.10

Gas, Vapor & Mist in Industry
Chemical Asphyxiants
Pulmonary Respiration
Chemical asphyxiants acting on
Cellular Respiration

Carbon Mono oxide (CO):- Colourless, tasteless, odourless, non-irritant gas but
is a Silent Killer.

O2 form inhaled air goes to pulmonary blood

Pulmonary Respiration Hb + O2 = HbO2

HbO2 = Hb + O2

Artery
Cellular respiration
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Within the cell there are nutrients. If O2 cannot enter into the cell released by
HbO2, it is cellular hypoxia. Cytochrome Oxidase play important role in the tissue
respiration. It helps to separate oxygen from HbO2. Then Oxygen enters into the
cell. Inside the cell oxygen combines with the nutrients and produce energy &
CO2
N + O2 = E + CO2
Where, N = Nutrients, E = Energy
Hb has 200 to 300 times more affinity to CO than O2.
1) CO combines with Hb to form Carboxy haemoglobin (HbCO)
2) CO also depresses Cytochrome Oxidase (aa3)
3) CO has direct toxic effect on the cell.
It increases acid secretion inside the cell, which kills the cell. Endothelial cells &
platelets release nitric acid. The severity of the CO toxicity depends upon the % of
HbCO in the blood. Above 40 gms/100gms of Hb in the blood can kill the person.
CoHb is measured by Dedicated Carboxy Meter by which CO contents are
easured of heparinised arterial or venous blood, in a live person. In dead person it
measured by Gas Chromatography of the blood. It is an occupier’s responsibility
that the worker working in the area where there is a possibility of CO Poisoning,
the worker should be observed from outside. If worker becomes unconscious he
may die. Methylene choloride (Paint strippers) fume inhalation sometimes causes
CO Poisoning.
Sign & Symptoms of CO Poisoning:Symptoms usually start when concentration
Cardiovascular & Neurological signs are
•
•

•
•
•
•
	
  

rise

above

10%.

Mainly

General:-Headache, Nausea, vomiting, dizziness, lethargy, weakness.
Neurological signs:- Basal ganglia have high consumption of O2. Thus they
are affected most. Confusion, disorientations, visual disturbances, syncope &
seizures, Cogwheel type rigidity, opisthotonus & flaccidity or spasticity may
occur.
Cardiac:- Patients with coronary heart disease may experience angina,
arrhythmias & myocardial infarction. Hypotension.
Retinal :- Retinal haemorrhages,
Skin:- Cherry red colour of skin “when you are red you are dead”
Muscle necrosis: Creatine Phosphokinase
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Treatment:First line of treatment is 100% Oxygen immediately, till the COHb level returns to
normal. On this regimen, half life of COHb is 74 minutes. Lactic Acid produced
due to anaerobic respiration of the tissue facilitates tissue Oxygen diffusion.
Hyperbaric Oxygen:1.
2.
3.
4.

Indications:- 1) If COHb is more than 40 gm/100gm of Hb
If he is unconscious
If Cyanosed
If female is pregnant, because clearance of CO in foetal condition, Carboxy Hb
is slower than adult Hb.
5. If suffering from some other illness
Advantages of Hyperbaric Oxygen:1. Half life of COHb at 3ATA (Absolute Atmosphere) of Oxygen is only 23
minutes.
2. Improves Mitochondrial Function
3. Impairment of platelet adhesion in the capillaries
4. Inhibition of lipid peroxidation
In UK most of the centres use hyperbaric oxygen if COHb is above 25 to 30 %.
Myocardial Ischemia & Neurological signs especially Coma are treated with
Hyperbaric O2 irrespective of the concentration of HbCO in the blood. Hyperbaric
baric oxygen is given at 252 Kilo Pascal pressure.
Side effect:- Alveolar Rupture. Main complication is Ear Barotraumas.
Delayed Symptoms of CO Poisoning:- Weeks after the recovery form CO
Poisoning the patient show neuropsychiatric symptoms. Mush more pronounced
in elderly patients. Parkinsonism can be clearly detected, but the personality,
cognitive changes are not easily detected. Children may present with behavioural
or educational problems. Some of the signs may remain permanent.
Hydrogen Cynide –
HCN has no affinity for Oxygen.Thus in the lungs HbO2 is formed as usual. Both
HbO2 and HCN reache at tissue level. HCN has strong affinity for Cytochrome
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Oxidase. So at tissue level it forms cytochrome Oxidase Cyanide complex.
Cellular transport of oxygen is blocked causing tissue hypoxia, causing cell death.
Treatment:1. First Aid:- Immediate Amyl Nitrate inhalation:- Amyl nitrate capsule is broken
& spread over the handkerchief and patient is given the inhalation.Amyl nitrite
converts Hb to Meth haemoglobin. Meth Hb has more affinity to CN than
Cytochrome Oxidase. So cyn- meth-haemoglobin complex is formed and
cytochrome oxidase is released, and cellular oxygenation will start again.
However Cyn-Meth-Haemoglobin is toxic.
2. Hospital Treatment:i) So when patient arrives at the hospital Sodium Thiosulphate is given IV.
Sodium Thiosulphate combines with Cyn-Meth-Haemoglobin to form
thiocynate, which is nontoxic and is excreted through urine.
ii) Chelating Agents:- Cobalt EDTAte will combine with Cyn Meth Hb to form
Cobalti Cynide, which is non toxic
iii) Conversion of cynide into cyn-cobalamine by Vit B12 (cobalamine) is
Under research.

Hydrogen Sulphide (H2S)
Characteristics:- Colourless gas wgich burns in air with a pale blue flame. It is
moderately soluble in water. It is rapidly converted to Sulphur Di Oxide in the
atmosphere by a reaction with Hydroxyl Group & Carbonyl Sulphide. In the body
the sulphide ions are oxidized to Thio Sulphate & Sulphates in the liver & Kidneys
& mostly eliminated in the urine. It is a chemical asphyxiant & it’s smell is just like
rotten egg.
Mechanism of Action:- It acts through the Inhibition of Cytochrome Oxidase as
well as through a direct depressant effect on Respiratory Centre in the brain.
Occupations Associated With H2S Poisoning:• Carbon Sulphide Production
• Viscous Rayon Production
• Sewer & Tunnel Workers
• Petroleum Production &Processing
• Mining
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•
•
•

Pulp Industry
Sulphuric Acid Production
Glue Manufacture
Rotten	
  egg	
  smell	
  can	
  be	
  detected	
  below	
  1	
  ppm.	
  	
  However,	
  the	
  sense	
  of	
  smell	
  to	
  
H2S	
  is	
  soon	
  lost	
  over	
  20	
  ppm.	
  	
  Therefore	
  the	
  worker	
  may	
  have	
  very	
  little	
  warning	
  
of	
  the	
  presence	
  of	
  gas	
  at	
  dangerous	
  concentration.	
  

Toxicity:A. Acute:1. Rapid Breathing & Distress with Nausea & Vomiting
2. These may be rapidly followed by Loss of Consciousness, usually in
association with cessation of breathing. Loss of Consciousness without
warning can occur on sudden exposure to a high concentration of H2S
(more than 200ppm) after only one or two breaths, known as ‘Knocked
Down’& there is high possibility of Death, unless Emergency Resuscitation
is commenced.
3. It is a Pulmonary Irritant & may cause Non Cardiac Pulmonary Edema.
4. Conjunctivitis like symptoms
Very	
  Very	
  Dangerous	
  in	
  rayon	
  Industries	
  

B. Sub Acute:1. Kerato Conjunctivitis usually is the feature of sub acute toxicity
characterized by
a) Blepharitis
b) Irritant Conjunctivitis
c) Lecremation
d) Photophobia
e) Sensation of Grittiness & Pain in the eyes associated with Superficial
Punctate Corneal Erosion.
2. Some victims suffer from nonspecific symptoms like
a) Hypersucceptebility of gas smell.
b) fatigue
c) Poor Memory
d) Irritability
e) Disturbance of Equilibrium
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Eyes	
  usually	
  recover	
  within	
  24	
  hours,	
  after	
  removal	
  from	
  exposure	
  or	
  
treatment	
  with	
  Chloramphenicol	
  Eye	
  Ointment,	
  but	
  Corneal	
  Ulceration	
  &	
  
Acute	
  Keratitis	
  have	
  been	
  recorded.	
  

C. Chronic:- Nothing except unpleasant smell can be a considerable nuisance. As
per WHO Guidelines, Concentration Limit in Ambient limit of Water is 7micro
grams/M³
Treatment:1. No specific treatment except Nitrite (Amyl Nitrate) may be used, but remains
controversial.
2. Symptomatic treatment.

Hydrogen Fluoride, (Anhydrous)Hydrofluoric Acid (HF)
Colorless, corrosive liquid, boils at 19.4®C & reacts in moist air to form mist.
1. Industries Involved:2. Phosphate Fertilizer Production
3. Manufacture of Bricks, Tiles, Potteries & Cement
4. Glass Fiber Production
5. Steel & Petroleum Refinery
6. Coal Combustion
7. Uranium Processing Plant
Characteristics:1. Absorption mainly through inhalation 99% found in skeletal
2. Rapid Renal Excretion:- About ½ is lost within few hours, small amount is
excreted through feaces & sweat.
3. Maximum Concentration in air which is tolerable by humans is 120 ppm
4. for 1 minute
5. High water solubility helps rapid absorption through nose & upper respiratory
tract.
Effects:A. Acute:1. Irritation of Eyes, Nose & Skin
2. Cough
3. Choking & Chills
4. Rapid Death from
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a. Intense Inflammation of Respiratory Tract
b. Gross Hemorrhagic Pulmonary Oedema
B. Chronic:I.

Osteofluorosis:- Accumulation of fluoride in the skeletal tissues & is
associated with Pathological Bone Formation
Characteristics of Osteofluorosis are
i. Back Stiffness &
ii. Vague joint pains

X-Ray:1. Initially there may be increased density of Vertebral & Pelvic bones. Later on it
will be blurred.
2. Bones of Extremities show Irregular Persistent Thickening with Calcification of
Ligaments & Muscular Attachments
3. The Cortex of long Bones is thick & Dense & Medullary Cavity is Diminished.
4. In Severe Cases Exostosis & Osteophytes develop & Calcification of
Ligaments, Tendons & Muscle Insertion. May lead to fusion of Spines &
Development of “Poker Back”, which clinically resembles Ankylosing
Spondilitis.
D/D of this finding:1. Paget’s Disease of Bone
2. Osteoblastic Metastatis
3. Ankylosing Spondilitis
II.

Dental
Fluorosis:Manifestations
range
from
Chalky
White
Flex
on
the,
teeth
in
mild
form
to
Brown
discoloration & Pitting in the severe cases. Permanent Teeth are extremely
sensitive to fluorides during their formation.

III. Pot Room Asthma:In Aluminum Production, Boxite Byproduct is
Fluorides.
Exposure to Hydrofluoric Acid during reduction process of
Alumina from Boxite can cause Bronchial Inflammatory Reaction &
Reactive Airways Dysfunction Syndrome.
IV.

Systemic Poisoning:a. Acid Burns, mainly due to ingestion
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b. Inhibition of enzymes involving vital functions like origin & transmission of
nerve impulses
c. Calcium Complex Formation with a rapid fall in Plasma Calcium level may
interfere with Blood Clotting & Cell Membrane Permeability. Death is due to
i. Hypocalcimia
ii. Hyper Magnesemia
iii. Hyper Kalemia
V.
VI.
VII.

Specific Organ Injury involving cell damage & necrosis.
Shock like Syndrome with Tetany.
Effects on Skin:- Accidental Exposure to Skin may cause severe Deep Tissue
Injury

Treatment:- No specific treatment for acute symptoms but slow infusion of IV
Calcium. Gluconate is life saving.
• Immediate removal of contaminated Clothings
• Through washing with water
• Rigorous topical application of 2.5% Calcium Gluconate Gel
• Subcutaneous injection of 5% Calcium Gluconate Solution
Systemic effects from Skin Burn may be fatal. In a patient as little as 2.5% of
body surface area burn is fatal.
Biochemistry:- Diet containing not more than PEL 4 to 5 Mg/M³.

Chlorine:Characteristics:- Chlorine is a greenish gas with a pungent odour& is moderately
soluble in the water.
Uses & occurrences :1. Manufacture of paper
2. Disinfectant of water
3. For waste treatment
4. To manufacture PVC
5. Widely used in manufacture of various chemicals
6. Manufacture organo chlorine compounds.
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Effects according to ppm - (TLV - 1ppm)
ppm

Effects

0.2 ppm

Odor can be detected

3 to 15 ppm

Irritant effect on eyes & Mucous Membrane

15 to 150 ppm

May be dangerous after 5 to 10 minutes of inhalation

400 to 500 ppm

Fatal for 50% of healthy people for 30 minutes of inhalation

1,000 ppm

Fatal within few breaths

Chlorine is a strong Oxidizing Agent, & when dissolved in tissue water will produce
Hypochlorites& Hydrogen Chloride (HCl), as well as damaging oxygen free
radicals.
Toxic Effects/Clinical features:Acute intoxication causes :1. Irritation of Mucous Membrane, Eyes, Nose, Throat
2. Productive Cough
3. Choking
4. Substernal Pain & Tightness
5. Abdominal Pain, Nausea, Vomiting
6. Laryngeal Edema
7. Pulmonary Edema
8. Hypoxemia
9. Restrictive & Obstructive diseases of Lungs due to bronchospasm & interstitial
edema
10. Death due to Respiratory Failure or Cardiac Arrest due to Non cardiogenic
pulmonary edema
11. Irritation & necrosis of skin & may cause erythema & first degree burns.
12. Syncope:- Chlorine Dioxide is 10 times more toxic than Chlorine. 0.1 ppm is
used for paper mill
Treatment/Management:A. Immediate Decontamination:a. Remove all contaminated Clothing
b. Through washing of Skin & Eyes
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a. Examine mucous membrane, eyes, skin etc. for signs of corrosive Injury
b. Check for abnormal respiratory sounds if any, peak flow &vital signs
c. Brief medical history
C. Initial Treatment:a. Oxygen Inhalation:- Humidified 100% Oxygen inhalation & subsequently
oxygene percentage should be adjusted as per the comfort of patient.
b. Broncho Dilators mainly Salbutamol or Terbutalin by nebulizers.
c. Corticosteroids if needed
d. If there is laryngeal edema:i.

Corticosteroids

ii.

Intubation if needed

e. If there is Pulmonary Edema:i.

Humidified O2 by face mask

ii.

If Po2 Still cannot be maintained above 60 mm of Hg, or Respiratory
rate is more than 40 BPM, intubate the trachea and start Mechanical
Ventilation.

iii.

Iv Fluids should be given with great caution which may cause fluid
overload & if it is so forced diuretics like Furosemide can be given.

Methyl Isocynate (Bhopal Gas Disaster) N-CO-CH3
STEL:- 15 Mg 0.07 Mg /Meter³
TLV TWA – 0.02Mg/M³
It is widely used chemical but it gained world wide notoriety after its disastrous
release from Union Carbide Pesticide Plant at Bhopal on 3rd Dec 1984. It had
been used there in the chemical synthesis of Carbonyl Pesticides & had been
stored in liquid form in 2 steel tanks. The cause of the incident is still not known
but at 00.30 hours on 3rd Dec 1984 an exothermic reaction took place in one of the
tanks resulting in the escape over few hours of 40 ton of Methyl Iso Cynate. A
dense cloud of MIC flowed over an area of 40 Sq. Meter at a time when there was
temperature inversion & the light wind.
(Temperature Inversion:- Cold
temperature, up in winter weather & so the gas did not go up, instead spread along
the ground causing heavy mortalities).
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At least 4,000 people were killed & upto 1 lakh injured.
Toxicity:A. Acute:A. Respiratory:1. Breathlessness
2. Cough & Throat Irritation
3. Choking
4. Chest Pain
5. Hemoptysis
6. Death due to Bronchial Necrosis & Pulmonary Edema
B. Effects on Eyes:1. Severe Watering
2. Photophobia
3. Eyelid Edema
4. Corneal Ulcers

B. Delayed Effects:1. Pulmonary Interstitial Fibrosis
2. Bronchiolytic Oblitarance
3. Increased Risk of Eye Infections & Hyper Responsive phenomenon
possibly due to Immune Disturbances
4. Teratogenic Effects
Ammonia (NH3):
Key facts :1. Anhydrous Ammonia is a colorless gas with a distinct pungent odour, this odor
is familiar to many people because ammonia is used in smelling salts, many
household and industrial cleaners, and window-cleaning products.
2. It is extremely soluble in the water forming a caustic alkaline solution of
ammonium hydroxide (NH4OH).
3. It is one of the most widely used industrial gases as a catalyst & reagent.
4. Ammonia gas can be dissolved in water. This kind of ammonia is called liquid
ammonia or aqueous ammonia. Once exposed to open air, liquid ammonia
quickly turns into a gas.
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5. Ammonia is applied directly into soil on farm fields, and is used to make
fertilizers for farm crops, lawns, and plants. Many household and industrial
cleaners contain ammonia.
Uses & Occurrences:•

As a Refrigerant

•

To manufacture Fertilizers

Although the gas is lighter than air it can behave paradoxically in an accidental
release from storage in liquid form under pressure by undergoing rapid cooling to
form a dense cloud that hugs the ground.

Toxic Effects:A. Acute:1. Smell felt at 30-50 ppm, at this ppm there is irritation of Eyes & Mucous
Membrane of Respiratory Tract.
2. Upto 500 ppm:- cough, hoarseness of voice, chest tightness , eye irritation &
conjunctivitis like symptoms.
3. 500-1,000 ppm:- It is life threatening & causes,
i.
ii.
iii.
iv.
v.
vi.

Chemical Burns of Nose, Mouth, Throat & Cornea
Laryngeal Edema
Pulmonary Edema
Broncho Pneumonia
Hoarseness &Dyspnoea
Death due to b, c & d.

4. Laryngeal Spasm:- This is peculiar in Ammonia. Laryngeal spasm & spasm
of glottis are frequent. This can produce asphexia& death, but spasm will
relief if the person becomes Unconscious.
5. Effect on Eyes:- Ophthalmic complications like –
i. Corneal Opacity
ii. Cataract Formation
iii. Glocoma
6. Effect on the Skin:- A jet of the liquid anhydrous Ammonia on the moist Skin
can cause second degree burns.
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7. Gastritis:- It continues several months after a gasing exposure.
8. The person who survives from acute exposure may develop permanent
Respiratory Disabilities like
i. Progressive Airway Obstruction
ii. Decreased Diffusion Capacity
iii. Bronchiolitis oblitaranced) Bronchiactasis
iv. Continuous Cough & Sputum.
Treatment:- Symptomatic.

Benzene (C6H6):
Characteristics:- Volatile, Colourless, Clear, Flammable Liquid & a Natural
Constituent of Crude Oil.
Uses:1. Used as a Solvent in Adhesives & Paint Removers
2. It is used in Rubber & Shoe Industry
3. As a Starter Material for Synthesis of Plastics & Explosives

Route of Entry:- Mainly by Inhalation & Skin Contact
Clinical features –
A. Acute intoxication causes:1.
2.
3.
4.
5.
6.

Headache
Tiredness
Nausea
Dizziness
Narcosis
Loss of Consciousness

B. Chronic intoxication causes :1. Depression of bone marrow & increased risk of aplastic anaemia &
leukemia. It is also suspected to cause multiple myeloma. Types of
Leukemias produced by Benzene - most common are
a. acute non lymphocytic myeloblastic myeloid leukemia
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b. Chronic myeloid Leukemia
c. Chronic Lymphatic Leukemia
d. Erythro Leukemia: The Latent Period is around 10 years
2. Hemopoietic Effects:a. Leucocytopenia
b. Thrombocytopenia
c. pancytopenia
d. In Severe Cases Fetal Aplastic Anaemia
e. Spleenomegale with Hemolysis
f. Hyperbilirubinemia
g. Punctate Basophilic Stippling of Erythrocytes & Marrow Hyperplegia
3. C.N.S.:a. Behavioral & Psycho Motor Changes
b. Labyrinthine, Vestibular & Acoustic Impairment.
4. Carcinogenicity:- Benzene is a confirmed human carcinogen.
5. It acts on myocardium & arrhythmias develop.

Metabolism:1. 50% of absorbed Benzene is excreted unchanged in inhaled breath.
2. Metabolism occurs via Cytochrome P450 System in the Liver. Among the
metabolites that appear in the urine are
a. Phenol
b. Catachol
c. Quinol
3. ACGIH has suggested S-Phenyl Mercaptopuric Acid in urine for Biological
Monitoring PEL – OSHA is 1 ppm
4. Biological Monitoring Determinants of Benzene in urine are t,t-Muconic Acid
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Carbon Di Sulphide:
Properties:- Pure CS2 is a Clear, Colorless, Highly Combustible, Highly
Flammable Liquid. It is more flammable than alcohol. However industrial form
contains impurities that give it an unpleasant acrid sulphurous odor & a faint yellow
color. It is manufactured from the catalyzed reaction of Sulphur Vapor with
Methane.
Uses:
1. Manufacture of Rayon & Cellulose Fibers
2. It is used as a solvent for Fats, Lipids &Resins.
3. Used for Laboratory Analysis
Metabolism:-It is well absorbed by Respiratory Tract, Skin & GIT, but Respiratory
Tract is the main route of absorption. About 90% of absorbed CS2 is metabolized.
Measurement of Urine TTCA2-Thio-Thia-Zolidine-4-Carboxilic Acid, seems to be
reliable & sensitive technique of biological monitoring of exposed workers; though
it appears to comprise only about 0.5 to 2.3% of absorbed CS2.
Clinical Features:A. Acute intoxication causes:1. Psychosis:- Mainly Maniac & Depressive Symptomatology
&
Disorientation.
2. Polyneuropathy of Lower Extremities:- Sensory disturbances & decrease
of motor & sensory conduction velocity in peripheral nerves.
3. GIT Disturbances:a. Chronic Hyper Acidic Gastritis
b. Chronic Hypo Acidic Gastritis
c. Duodenal Ulcer
4. Apathy of Calf Muscles.
5. Neurasthenic Syndrome
6. Optic Neuritis
7. Atherosclerotic Vascular Encephalopathy.
B. Chronic intoxication causes:1. Headache
2. Muscle Weakness
3. Anorexia
4. Disturbance of Cardiac Rhythm
5. Visual Disturbances
6. Parasthesia
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Management:- Only Control Measures & Symptomatic Treatment.

Pesticides:
Definition:- As per US Federal Insecticide, Fungicide & Rodontiside Act (FIFRA)
Pesticide is defined as any substance or mixture of substances intended for the
use as Plant Regulator, Defoliant or Desiccant.
Types:- I) Inorganic &
I.

II.

II) Organic

Inorganic:- 10% of total pesticides
a. Calcium Arsenite
b. Lead Arsenite
c. Arsenic Acid
Organic:- Also known as Synthetic Pesticides
1. Chlorinated Hydrocarbons:a. DDT
b. Benzene Hexa Chloride (BHC)
c. Endosulfan
2. Organic Phosphorus Compounds:a. Malathion
b. Parathion
c. Dimethoate
d. Ethion
e. Acephate
3. Carbamate Group:a. Carbafuran
b. Aldicarb
c. Methomoil

III.

Fumigants:a. Cyanides
b. Halogens
c. Phosphorus

IV.

Herbicides (Weed Killers):a. Endothal
b. Diqat
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c. Paraquat
d. Organic Acid Derivatives:i. Cacodylic Acid
ii. 2,4 D (2,4 Dichloro Phenoxy Acetic Acid)
V.

Rhondanticides:a. Diphecinone
b. Fumarine

VI.

Fungicides:a. Disulpheram
b. Penta Chloro Phenol
c. Copper Compounds

VII.

Naturally occurring insecticides are
a. Nicotine
b. Pyrethrum

VIII.

Organo Phosphorous Pesticides
This group of insecticides is classified according to a common mode of toxic
action related to inhibition of enzyme Cholinestrase. Therefore, they are known
as Cholinestrase Inhibitors. They are rapidly absorbed even though intact skin
toxicity occurs during Manufacture, Packaging, Handling, Storage &
formulation
Route of Absorption:- All three.
Mechanism of Action:- They cause inactivation or inhibition of the enzyme
Cholinestrase resulting in an accumulation of Acetyl Choline at synapses in
Peripheral Nervous Syatem. This compound most irreversibly phosphorylates
the Acetyl Cholinestrase.The effect depends upon the route of entry although
acute toxicity usually rapid in onset but symptoms may be delayed upto 12
hours.
Toxicity:Acute Exposure:A. General Symptoms:a. Nasal Hyperemia
b. Watery Discharge
c. Cough
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d. Chest Discomfort
e. Dyspnoea
f. Wheezing
When it is Absorbed in the System:a. Pallor
b. Nausea
c. Vomitting
d. Diarrhea
e. Abdominal Pain & Cramps
f. Headache
g. Dizziness
h. Ocular Pain
i. Blurred Vision
j. Meosis
k. Lacrimtion
l. Salivation
m. Sweating
n. Confusion
B. Neuromuscular Symptoms:a. Ataxia
b. Slurred Speech
c. Weakness
d. Fatigue
e. Fasciculations
f. Twitching
g. Tremors of Tongue & Eyelids
h. Paralysis of Extremities & Respiratory Muscles
C. In Severe Cases:a. Involuntary Defecation & Urination due to loss of sphincter control
b. Cyanosis
c. Psychosis
d. Hyperglycemia
e. Acute Pancreatitis
f. Convulsions
g. Coma

101	
  
	
  

D. CVS:a. Fall of BP
b. Cardiac Arrest
E. Death is due to Respiratory Failure & Cardiac Arrest
Chronic Toxicity:a. Impaired Memory & Consciousness
b. Delayed Neuropathy
c. Psychosis
d. Severe Depression
e. Irritability
f. Confusion
g. Apathy
h. Social Withdrawal
i. Speech Difficulty
j. Delayed Reaction Time
k. Nightmares
Difference	
  between	
  Organo	
  Phosphorus	
  Poisoning	
  &	
  Carbamate	
  Poisoning:-‐	
  	
  Both	
  
are	
  Cholinestrase	
  Inhibitors	
  

Diagnosis of OPP Poisoning:- By
Cholinestrases are of 2 types
1. Acetyl Cholinestrases
2. Pseudo or Butyryl Cholinestrases

Cholinestrase

Activity

Measurement.

1. Acetyl Cholinestrase:- Primarily found in CNS & RBCs.
2. Pseudo or Butyryl Cholinestrases:- Found in Plasma, Liver & CNS
a. Both of these are inhibited by Organo Phospherous compounds. But those
who retain the level in RBCs are measured.
b. Michael Method
Rapid Filled Determination Michel’s Method is very difficult to diagnose, so
Rapid Filled Method is used. The Cholinestrase Activity in blood is
expressed as % of Activity. This is done with the help of Cholinestrase
Measuring Kit, through Colorimetric Chemical Analytic Process.
Depending upon following actions are recommended:-
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% Cholinestrase Activity
Action Recommended
100 to 75% (i.e. 25% is No action but retest in near future
lacking)
75 to 50%
Over Exposure is possible. Repeat test. If
confirmed in second test, Remove from
further work for 2 weeks, & then retest to
assess the recovery.
350 to 25%
Serious overexposure.
Repeat Test.
If
confirmed remove from all work with
insecticide.
25 to 0%
Very Serious & Dangerous Overexposure.
Repeat Test. If confirmed, remove from all
pending pesticide work & arrange Medical
Examination & Treatment.

Carbafuran (Furadane)
It is a Carbamate group of Pesticides. It is a derivative of Carbamic Acid, deferring
from Cholorinated Hydrocarbons & Organo Phosphorus Pesticides, by absence of
Cl⁻ & PO4⁻⁻. Toxicity resulting from inactivation of Acetyl Cholinestrase, which
allows accumulation of excessive Acetyl Choline at number of sites like CNS,
Parasympathetic Nervous System, Nerve Endings etc. It is treated as
Anticholinestrese Agent with toxicity having Rapid Reversibility.
Treatment of Organo Phosphorus Poisoning:1. Maintaining of Patent Airways
2. Removal of Contaminated Cloathing
3. Appropriate Antidote:-IV 2 to 4 Mg of Atropine Sulphate & 1 to 2 Gm of Soluble
Salt of Pralidoxin every 6 hourly OR 250 Mg. Obidoxin Chloride 6 hourly.
In Severe Cases 4-6 Mg. of Atropine can be used with repeated dose of 2Mg.
every 5-10 minutes till full Atropinization is achieved.
Diazepam is used in mild cases but need to watch Respiratory Paralysis.
Carbamate:- Atropine remains treatment of choice. Oximes are contraindicated in
Carbamate Poisoning. Carbamate is rapidly reversible while OPC are not rapidly
reversible.
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Xenobiotics:Process of foreign or exogenous chemicals from the surrounding environment
entering in human body & being transported to their target organs is known as
Xenobiotics.
They are of two types:- 1) Lipophilic & 2) Hydrophilic
Liphophilic diffuse more readily than hydrophilic. This transport rate depends upon
Partition Coefficient.
Partition Coefficient = Solubility in Ocetenol/Solubility in Water
Non ionized molecules are more lipophilic while ionized molecules are more
hydrophilic. So absorption is more in non ionized particles.
Xenobiotics pass from the cell membrane by 4 processes:1. Simple Diffusion by Concentration Gradient. This is most common & simple
method & does not require any energy. Lipophilic & non ionized are absorbed
by this process.
2. Filtration:- Water, Ionic & Hydrophilic molecules are absorbed through small
pores of the cell of Diameter 0.4 nm.
3. Facilitated Diffusion:- This is a Carrier Mediated System & requires energy.
4. Active Transport:- This process allows the absorption of substances against
concentration gradient & requires energy.
5. Phagocytosis:- Solids
6. Pinocytosis:- Solution
Toxicokinetics:- Study of dynamics (Kinetics), Relationship between the
concentration of the chemicals (Toxicons) in the body fluids & tissues and it’s
biological effects.
Toxic material is absorbed by
• Inhalation
• Ingestion &
• Skin Absorption-----à Goes to Body FluidàGoes to Liver à Bio
transformation in the liver à Goes to target organs OR à Lipophilic gets
converted into Hydrophilic & eliminated through urine
Aims of Toxicokinetics:- Toxicokinetic analysis produces a mathematical
description of the dynamics of absorption, distribution & elimination.
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1. Inhalation:- 0.5 to 5 micron size is respirable dust. Respiration fraction is 0.5
to 10 micron. Below 0.5 micron cannot settle down due to Downian
movement. Absorbed material is phagocytised & through lymph channels goes
to lymph nodes, causing lymphadenopathy.
2. Skin Absorption:-1) Trans epidermal 2) Appendageal:- Absorption through
root of hair follicles & mouth of sebaceous Glands. This is very important
route, as most are absorbed by this route.
Biotransformation:- By 2 processes
• Entoxification &
• Detoxification
Most are detoxified in liver. In few cases the end product of detoxification is toxic.
This biotransformation in liver is done by series of enzymes. A group of relatively
nonspecific enzymes mainly Cytochrome p45o is plenty in liver, & is a main organ
of detoxification.
Metabolism (Biotransformation) capabilities
Organ
1) Liver
2) Adrenal Glands
3) Lungs
4) Kidneys
5) Testes
6) Skin
7) G.I.T.
8) Spleen
9) Throat Muscles
10) Skeletal Muscles

% in relation to liver
100%
75%
30%
30%
20%
10%
10%
5%
3%
1%

Our motive is to convert the Lipophilic into Hydrophilic.
There are two Phases of Biotransformation:Phase I:- It involves Oxidation, Reduction or Hydrolysis of the parent compound.
In Phase I a polar reactive group introduced into the molecule to increase water
solubility, which makes the compound suitable for Phase II.
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Phase II:- The metabolites of Phase I is conjugated with Glucoronic Acid,
Glutathione, Glycene, Sulphates or any other endogenous compound suitable for
Phase II. Now they are completely water soluble.
Biotransformation:1. Detoxification;- The toxicity of the substance is reduced e.g. phenobarbitone
is detoxified in liver by hydroxylation to Para Hydroxy Phenobarbitone, which
is less toxic.
2. Entoxification:- Here metabolites are Toxic.
e.g. Parathions, Organo
Phosphorous Compounds. Organo Phosphorous Compounds are relatively
non toxic to man & animals. It is rapidly metabolized (activated) by
sulphuration to Para Oxon which is very toxic to man & insects.
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Chapter - 4 : CUMULATIVE TRAUMA DISORDERS AND APPLICATION OF
ERGONOMICS IN INDUSTRY
4.1 Introduction
“Caring Professions” normally means nursing medicine, ministry or social work.
With the modern and rational industrial developments “Management” has also been
included into it because of its real and valuable role. Management provides the
machines and workplace and employees perform their hobs. Therefore
management has to see that the workplace often determined by the design of the
machines and the methods the employees will use are not deleterious to their
health and well being, but, promotes them to perform their task safety, easily
comfortably and effectively. Most management people, are aware of the necessity
to care for equipment but when it comes to the care of employees they often will
have to think of their own. Management sometimes forget that machines have
overload switches, fuses and shear pins to protect them – employees do not. They
get hurt. This has to be taken into consideration for the effectiveness of the
individual who is going to perform the job so that he is not subject to undue torture
which will affect adversely his productivity. Undue torture to the human body or any
part of the body result into various types of disorders. Excuses or improper uses of
fingers lead to complaints starting from simple pain and fatigue to permanent
incapability by neurological or tendon affections. Frequent of eyeball leading to
working of eye muscles resulting into various eye complication. Frequent improper
movement of shoulder to shoulder joint pains and rupture movement of capsules;
C.T.S. etc. are well recognized. Chronic backache – a permanent feature among
the industrial workers – is due to the non-proper support leading to muscular strain
is responsible for less productivity due to chronic absenteeism & medical response.
This affects them 3 dimensions – economically, socially and psychologically.
Naturally the result is less output. Therefore, it is high time to care for “Man” equally
if not more like “Machine”, “Money” and “Material” application of human minimize
the suffering of workers “THE MAN”.
The body parts which are most susceptible to be affected due to non or poor
consideration of human factors in workplace are:v

Upper extremity (shoulder, elbow, wrist, hand and fingers)

v

Lower extremity (knee, ankle and foot)

v

Back – (spine and the muscles surrounding them)

The disorder progresses slowly but at accumulative in nature and with time gap if
manifest into a major medical problem.
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4.2 Disorder of the upper extremity due to improper work place or tools or work
methods
Ergonomic Aspect of hand and wrist
In very day use are 3 basic types of work carried out by the hand.
v

To grasp – cylindrically or spherically

v

To pinch – by tip pressure, by pulp pressure or by lateral pressure

v

To hook

Three main groups of muscle act on the fingers. They are long extensors; the
intrinsic and long flexors.
The range of movement of proximal joints are 900 and at middle joints of the finger
1000 the average range of abducted thumb is 580 Extension 710, flexion 730, radial
deviation 190 and ulner deviation 330 are the normal movements of the wrist joints.
When these normal movements of the hand and wrist are stretched upon to
perform certain job either by frequency or by stress, disorders take place. Even
within the range of motion due to frequency adverse effects manifest.
The disorder collectively called in “Cumulative Trauma Disorders” and includes:v

Tenosynovitis

v

De Quervain’s diseases

v

Trigger finger

v

Tendinitis

v

Tennis elbow

v

Carpet Tunnel Syndrome

v

Raynaud’s Syndrome

v

Space invaders wrist
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Tenosynovitis
The term applies to pathological disturbances affecting one or more tendons and/or
they sheath with the clinical features of pain, swelling, crepitus and loss of function.
It occurs in the industrial situation where the job requires wrist deviation from side to
side, for eg. to hold in line nut runner in a horizontal position or where frequent
movement is needed to operate the various control panel. The workers start with
pain in the beginning and if not taken the care will end with a permanent deformity
due to loss of function.

De Quervain’s diseases
This is an affection of the tendency of long abductor and some time the sort
extensor of the thumb, die to fibrosis of the sheath and narrowing of the intrathecal
luman. This occursusually among the workers who have to sue their thumb for a
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great deal to perform the job. It is especially common among the women workers
who perform repetitive manual task involving inward or hand movement with firm
grip. In this condition pain is severein the wrist and some time radiates to the
forearm also. Weakness of thumb and wrist results ultimately with permanent
deformity.
Trigger Finger
It is a type of tenosynovitis and result in workers when any fingers other thumb is
frequently flexed against resistance during the performance of a job.
Tendinitis
Muscle tendon junction and muscle tissue around gets fatigued because of the
frequent abduction of the movement. The main muscle body stretches away from
the middle of the body to which it is attached leading to inflammation. This is very
commonly found among the industrial workers and mostly in the degenerative
diseases of the shoulder joints.
Tennis elbow
This is also called epicondylitis. In this condition pain appears near the epicondyle
on the outer side and is due to the chronic inflammatory reaction of the tissue in the
elbow region. In the industries situations it follows the effort requiring palm upward,
extension of the wrist with palm downward. It can be avoided by ensuring that the
rotation axis of the tool or machine come inside with the rotation axis of the forearm.
Carpal Tunnel syndrome
It is a common disorder amongst the industrial workers, caused by the compression
of median nerve in the carpal tunnel, in the wrist through which finger flexors and
major nerve thumb and the first 3 finger. In this condition manipulative skills of
workers are reduced. In industrial situation a job requiring repeated wrist flexion for
incidence to position a pistor separate run on a horizontal surface.
Raynaud’s Syndrome
This is defined as an episode of construction of the small blood vessels in the
periphery of the extremity resulting intermittent changes in colour of the skin such
as pallor or cyanosis or both. This may be due to cold temperature, vibration, in the
industrial situation. This leads to reduce an improper manipulative skill.
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Space invader’s wrist
Feeling of stiffness, headache, and numbness with swelling and spasm of muscles
during movements or even on a postural change results due to this. This is very
common in the electronic industries where the finger movements are required
frequently and with proper tools.
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4.3 Disorder of the lower extremity due to work place on tools or work methods
The human foot has two major functions:•

In standing it must provide a suitable support for the body weight i.e. balance
and

•

In walking it must provide a suitable support the body weight level by which the
body is propelled. Ankle joint and knee joints are the important component for
the overall functions of the inferior extremity.

Ergonomic Aspect of foot
Normal movements at the ankle joint are dorsal-flexion 450, inversion - 330,
eversion - 180: While sitting or performing may job this range of motion are tortured
they result in disorders, like foot stain, osteoarthritis halleus, valgus, metatarsalgia,
Koehler’s disease, chronic bursitis etc. Due to the pain and difficulty in negotiating
the functions of the foot the efficiency of the workers reduces his physical problems.
LOW BACK PAIN
Postural error, assumed in the course of some occupation leads to low back pain.
These pains are because of the interference with the functions of normal muscles.
When muscles go under postural leading to spasm usually in the lumbo-sacral
region or on the sarco- iliac region joint disorders of the part result. Any
occupational requiring long work hours with improper posture should be avoided.
CONTROL THROUGH HUMAN FACTORS ENGINEERING
To prevent those disorders human factors engineering has to play a great role. The
discipline which comes to play their role in prevention of them is the bio-mechanics.
Its principles in view of the applicability be used while machines, work places and
methods to be used by the employee to perform their task. The main bio-mechanic
problems which can help in prevention of occupational health disorders are:-‐

Straight back rule

-‐

Belly Button rule

-‐

Swinging arm rule

-‐

Straight arm rule

-‐

Straight wrist rule
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-‐

Eye rule

-‐

Skin rule

-‐

Think first rule

-‐

No ‘brain’ machine rule

Straight Back Rule
All the forces which come down the spine compresses the intervertebral discs and
as a result of continuous and repetitive squeezing they can rupture and bulge out
producing severe pain. Most back injuries are built over a long period of time by
repetitive pounding of the discs caused by improper methods. After sometime some
minor lift can produce such rupture even lifting a small pin. Straight back rule helps
to design methods to minimize the forces on these discs.
To avoid such forces, one should use Pelvic tilt by pulling the stomach muscles.
The pelvic tilt can also be achieved by placing support under one leg. When
bending cannot be eliminated through work place or methods designed, it could be
done with keeping the back straight and bending the legs. Any bending without
lifting; twisting, impacts and frequent change of position should be avoided by
proper designing of the workplace and work methods. When seated a support for
the back to keep the muscles away from getting fatigued should be used.
Belly button Rule
Loads that are help, lifted or carried should be kept near the belly button. The
weight of 30pound load next to the belly button (about 8” away from spine) exerts
240”/pounds: whereas when weight is moved out 12” from the belly button, it would
be 20” from the spine and the load on the spine will now be 200”/pounds.
Therefore, the workplace and methods should be designed so that work requiring
the use of arms is close to the belly button. When the arm is extended in performing
a task the muscles of the arm cannot work to the best of their capability.

Swinging Arm Rule
Methods and work places should be designed to promote workers to use natural
movements and should not be forced to move loads with hands or arms in a
straight line. A natural swing of arms take 33% less muscle strain than moving the
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arm in a straight line. Positive steps should be used to stop load movements rather
than to use muscle power.
Straight Wrist Rule
In jobs requiring repetitive pushing or pulling thumb should be used instead of any
of the middle fingers jobs requiring grasping movement for the hand should be
designed in such a fashion, so that there is no bending of the wrist while performing
the job. Continuous bending of wrist can lead to the disorders like carpal tendon
syndrome. Some tools such as hammers, pliers, have been designed with a
suitable bend in their handles so that they can be used with wrist straight.

Eye Rule
Work place should be so designed that the worker can see all the things to be seen
like gages, controls and materials etc. without excessive undue or head movement.
Skin rule
According to this rule, the work area should be free from obstruction and there
should not be a concentrated pressure on small skin areas. Wherever it is found
that the worker used a tape or cloth over the part of the machine while operating, it
means that this place of machine is hurting him because of the accumulated
pressure on a particular part of the skin. This needs immediate attention to be
changed so that the works without any obstruction.
The Think First Rule
Human tendency is to take a short-cut or do something that is easy rather safe.
This should be avoided. Therefore, before doing, thinking must be applied so that
the job becomes safe for the worker.

No Brain Machine Rule
At the time of designing job or machines it should be taken into consideration that if
the worker did not think when he performed the task could he get hurt? If answer is
yet, necessary change in designing is indicated.
Sufficient statistics on the number of workers suffering with various disorders due to
improper designing of the machines or the workplace are lacking but the liked data
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which are available clearly indicate about the seriousness of the situation role of
human factors engineering in their prevention.
To conclude, I must use the words of Dr. T.C. Gilchrist, Council President of
National Safety Council of USA who while inaugurating the Tele convention of CTD
said “Through the application of bio-mechanics, we can care for people by making
their tasks; easier, more effective and more productive and use of Ergonomics will
go a long way in preventing the cumulative trauma disorders caused by ill designed
machines, work methods or work place”.
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4.4 CHECKLISTS
The following are two checklists which may assist you in applying Biomechanics to your
tasks and machine design. You want a yes answer to each question.

TASK ELEMENT CHECKLIST

1. Is the element necessary?
2. Are all movements, hold and delays necessary?
3. Is the back straight?
4. Is the back free from twisting?
5. Are elbows by the side of the arms?
6. Are movements natural and ballistic?
7. Are wrists straight?
8. Is work area free of obstructions?
9. Are stop switches, controls, lock outs, and guards convenient and adequate?
10. Is the weight lifted less than 32.2-1.2 x the number lifts per minutes and is the
weight carried less than 32 lbs?

MACHINE DESIGN CHECKLIST

1. Is equipment operated with back erect, no twisting, supported if seated, foot rest
if
standing?
2. Are control and materials near stomach and in sequence of use?
3. Can operator’s movements be ballistic?
4. Can equipment be operated with straight wrists?
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5. Are readouts and gages simple, in sequence, and do not require head
movements?
6. Are handles and surfaces nor applying pressure on small skin areas?
7. Are stop and off switches where operator will be?
8. Are guards easy to remove and replace without tools?
9. Does equipment require minimum tools which are displayed in order to use?
10. Is there accumulation of material before, and after machine operation?
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Chapter - 5 : OCCUPATIONAL EYE DISEASES
5.1 Introduction
The eyes are the most beautiful, the most delicate and the most important of all the
organs in the body. The statement “SARVENDRIYANAM NAYANAM
PRADHANAM” clearly recognizes the important of vision. Without vision life
becomes dark.
The eye, developmentally, is the projection of the brain, and is situated outside the
cranial cavity in the orbit for its advantages. The human eye is adequately protected
by virtue of its anatomical protective like the deep orbital cavity with rich amount of
orbital fact, projecting orbital margins, very powerful orbicularis oculi muscles, the
tarsal plates, rich nerve supply, the eye lashes and the eye brows, very quick lid
reflexes etc. the eye ball itself is soft and fluctuant and can absorb considerable
mechanical shock. These devices are sufficient under normal conditions of life. But
they very often prove to be inadequate in the modern life and more so in the
industry where people are exposed to special types of hazards. It would not be out
of place to mention that in some of the lower animals the eyes are safety situated
well within the brain in a transparent body for complete protection to the eyes.
If the need arises we can equip ourselves with substitutes like artificial teeth, limbs,
heart valves etc, but the day appears to be far off when we will be able to replace
the eyes with artificial ones with which we can see. Structurally and functionally the
eye is really fascinating and the highest degree of sophistication makes the eye
most vulnerable to trauma and often poor prognosis.
There are no reliable statistics, but the eye injuries account for about 5% of all
industrial injuries and 50% of the cases seen in a eye hospital. These injuries are
caused due to:
80%

Flying objects

8%

Tools or parts of machinery

7%

Splashes of liquids

2.5%

Explosives

2%

Falls

0.5%

Infections
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These injuries vary in severity from slight irritation to complete destruction of the
eye. The eye injuries rarely endanger the life, but very often lead to impairment of
vision. It has been said that “no matter how trivial an eye an injury may seem, there
is always the risk of disastrous after-results. One can only decide whether an eye
injury is trivial or major after the individual has completely recovered without
sequelae. Extreme caution and utmost care, expertise and gentleness make the
essential principles of management of eye injuries.
Hazards to the eye may be in the form of:
-‐ Mechanical agents
-‐ Physical agents
-‐ Chemical agents
-‐ Biological agents
Foreign bodies of various types are very common. But major injuries like
lacerations, perforations, ruptures and burns are not in frequent and account for the
loss of vision or the loss of eye in spite of best treatment by specialists.
Occupations like the foundry work, engineering trade, construction works and
chemical industries are notorious for serious eye injuries, necessitating adequate
control measures at all times.
A survey conducted by the Central Labour Institute, Mumbai in the post revealed
that the incidence of pterygium, chronic conjunctivitis and cataracts, frequently of
traumatic origin, was higher in the dock workers.
The occupational eye diseases may occur due to the direct effect of chemical or
physical agents or from an indirect effect due to absorption of harmful agents into
the body.
a. Irritation due to hydrogen sulphide gas and ultraviolet rays
b. Corneal edema and epithelial vacuoles eg. xylene.
c. Cataract due to Dinitrophenol
d. Optic atrophy due to lead.
Dr. W. Mortan grant has written an excellent detailed survey of eye or vision
disturbances produced either direct contact with chemicals or systemic routes. The
following information on eye disturbances is from his work:121	
  
	
  

what is getting into your
eyes? liquids or gases under
PRESSURE

Nails

Electrical
Sparks

Welding Fumes
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5.2
A.

CORNEAL AND CONJUNCTIVAL DISTURBANCES
Chemical burns:

caustic alkaline and acids.

Solvent splashes:

most organic solvents.

Surfactant and detergent injuries:

liquid splashes or dusts.

Delayed or latent action injuries from splashes or dusts: dimethyl sulfate,
formaldehyde, methyl bromide, methyl dichloroproprionate, osmic acid, sulfurdioxide.
Delayed corneal epithelial edema (producing haloes around light) from vapour
exposure:
allyl
alcohol,
amine
diethydiglycolate,
di-isopropyl
amine,
dimethylaminopropylamine, ethylenediamine, tetra methyl butane diamine, tri
ethylene diamines. Corneal epithelial vacuoles after chromic vapour exposure: nbutanol, xylene.
Delayed corneal epithelial injury (keratitis epithelialis) with blurring and pain several
hours after exposure to gases, vapours, or dusts – allyl alcohol, diazomethane, di
chlorobutenes, dimethyl sulphate, ethylene oxide, ethylenimine, hydrogen sulphide,
methyl bromide, osmic acid.
Corneal and conjunctival discoloration with late corneal scaring and distortion –
benzoquinone.
Conjunctival discoloration from internal substances – aniline, arsine, nitro benzene,
silver.
B.

LENS, IRIS AND ANTERIOR CHAMBER DISTURBANCES
Cataracts from systemic chemicals dinitrophenol, dinitro cresol.
Lene deposits and discoloration – copper, iron, mercury, phenylmercuric salts,
silver.
Myopia with miosis – anticholinesterase agents.

C.

POSTERIOR SEGMENT AND OPTIC NERVE DISTURBANCES
Retinal function dark adaptation altered – carbon dioxide, carbon disulphide, carbon
monoxide.
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Retinal hemorrhages –acetyl phenyl hydrazine, benzene, lead, methyl bromide,
triethyl tin, warfarin.
Papilledema – ethylene glycol, lead methanol, thallium, trimethyl tin.
Optic neuritis – dinitro benzoin, dinitro toulene, lead methanol, thallium.
Peripheral visual field constriction – carbon dioxide, carbon monoxide, methyl
mercury, methanol, naphthalene.
D.

CENTRAL NERVOUS SYSTEM EFFECTS
Cortical blindness or hemianopsia – carbon monoxide, lead.

E. INTRAOCCULAR PRESSURE DISTRUBANCES
Pressure elevation
formaldehyde.

from

chemical

burns

–

ammonia,

calcium,

hydroxide,

F. EYE AND LID DISTRUBANCES
Nystagmus – carbon disulphide, dieldrin, ethyl alcohol, ethylene-glycol, methyl
bromide, methyl chloride, methyl iodide.
Diplopia – carbon disulphide, carbon monoxide, ethyl alcohol, ethylene glycol, lead
methyl bromide, methyl chloride, methyl iodide, triethyl tin.
Paralysis of extraocular muscles – ethyl alcohol, lead, thallium, triethyl tin.
Ptosis of eye lids – thallium
Lid edema from systemic substances – arsine, hydralazine.
G. PUPILARY STATUS
Dilated pupils – CNS depressants, organophosphates
Constriction of pupils – organophosphates.
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5.3 Role of Medical Officers in Industry regarding Eye Diseases
Ideally only qualified and experienced eye specialists are competent to handle eye
disorders and injuries, but timely and appropriate first aid and immediate treatment
rendered by the factory medical officer in case of eye emergencies often helps in
early recovery and limitation of the duration of treatment and morbidity.
Prompt and adequate first aid should be provided in all cases of ophthalmic
emergencies. Vision should be recorded carefully in both the eyes separately – the
affected eye first. A detailed history of the accident should be elicited and recorded
which may give a clue to the injury eg. intraocular FB. A careful examination may
lead to the identification of the entry point of the I.O.F.B. Subsequent follow-up
examination may only at times reveal the true nature and magnitude of the damage
to the intraocular structures. A patient may even need hospitalization and
evaluation and detailed investigations before ruling out the possibility of a serious
injury.
Foreign bodies lodged superficially may be removed with due care and precautions.
Immediate and prolonged irrigation of the eyes in cases of chemical splashed is
essential to wash out even the last traces of the chemical and prevent further
damage due to prolonged contact. Eye injuries, if infected, may prove disastrous,
hence full-proof sterilization procedures are vital. Only sterilized dressings are to be
applied. In no case, improper, sharp and unclean instruments should be used.
All sources of hazards in the workplace should be recognized and remedial
measures taken. Approved types of personal protective devices are to be provided
and used for general work environment as well as for the specific hazards like
grinding and welding – at all times for the prevention of eyes injuries. Protection of
the eye from injuries/accidents can be very effectively by regular use of suitable
personal protective equipment like goggles, screens, shields, guards etc. Safe
machinery and processes and adequate illumination and ventilation are to be
provided in all places of work. Various provisions under the factories Act like the
availability of eye wash fountains, showers etc. should be strictly adhered to.
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5.4 Vision Conservation Programme
A well organized vision conservation program for an industry has five components.
i.

Screening the vision of the individual workers.

ii.

Determining the vision requirements of different jobs among the workers.

iii.

Detailed assessment of the hazards of jobs with special reference to the eye
and of the
general work environment.

iv.

Encouraging the wearing of basic eye protective equipment at all times by
everyone who enters the area potentially hazardous to the eye.

v.

Providing properly fitting approved type of safety eye – against special
hazardous operations.

Individual workers should be examined and vision status recorded – both at the
time of initial recruitment and during periodical examinations. A “vision tester” or an
“orthorator” is a very useful and compact instrument to screen acuity of vision
(distant & near), field of vision muscle balance (in both the places), binocular vision
and colour vision. The visual standards of each worker should be carefully matched
with the vision requirements of jobs performed by them eg. crane operators, drivers
etc.
Proper first aid training and health education should be imparted to the workers to
ensure that, in cases of ophthalmic emergencies like chemical splashed immediate
eye wash etc. are carried out which are essential to minimize the damage to the
eye. Incorrect first aid or unnecessary intervention may lead to further damage and
thereby loss of vision.
Rehabilitation of those who have suffered eye injuries should also be given due
importance. One eyed persons need special consideration and placement
depending upon their job demands.
“In all cases of eye injuries of any nature, guarded prognosis should be given, as no
matter how trivial an eye injury may seem, there is always the risk of disastrous
after-result”.
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Chapter - 6 : OCCUPATIONAL LUNG DISEASES
6.1 Introduction
Pneumoconiosis literally translated mean ‘dusty lungs’. it is defined for legal
purposes as ‘fibrosis of the lung due to silica dust, asbestos, or other dust, and
includes the condition known as dust reticulation’. For medical purposes the
pneumoconiosis have been better described by Parkes as the present of inhaled
dust in the lungs, and their non-neoplastic reaction to it’. It is usual to consider
beryllium as a pneumoconiosis although it can follow exposure to beryllium fume as
well as dust, and may cause systemic in addition to pulmonary disease.
Respiratory tract diseases are the most important group of occupational diseases in
the cement industry and are the result of inhalation of airborne dust and the effects
of macroclimatic and microclimatic conditions in the workplaces environments.
Chronic bronchitis, often associated with emphysema has reported as the most
frequent respiratory disease although sickness data show a lower morbidity rate for
such disease than medical examinations.
Normal Portland cement does not cause silicosis because of the free silica.
However, workers engaged in cement production may be exposed to raw materials
which present great variations in free silica content. Acid-resistant cements, used for
refractory plates, bricks and dust contain high amounts of free silica and exposure to
them involves a definite risk of silicosis.
Cement pneumoconiosis has been described as a benign pinhead or reticular
pneumoconiosis, which may appear after prolonged exposure and presents a very
slow progression.
However, a few cases of severe pneumoconiosis have also been observed, most
likely following exposure to materials other than clay and Portland cement.
Some cement also contain varying amounts of diatomeous earth and tuff (volcanic
ash). It is reported that when heated, diatomaceous earth becomes more aggressive
due to the fact that the amorphous silica is transformed into cristobalite, a crystalline
substance even more pathogenic the quartz. Under such conditions, concomitant
tuberculosis may make the course of the cement pneumoconiosis much more
severe. In addition, workers employed on the manufacture of asbestos-cement
product are exposed to a definite asbestosis hazard.
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6.2 Classification of the Pneumoconiosis
It can be classified by cause into those due to inhalation of inorganic dusts and
those due to organic dusts (Table-1). It is important to differentiate those dusts
(such as asbestos and silica) which provoke a fibrotic reaction in the lung, from
those (such as tin or iron) which are retained without provoking such a reaction.
Those which do provoke an inflammatory or fibrotic reaction in the lung can
conveniently be divided according to the pattern of the reaction.
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6.3 Diagnosis of the pneumoconiosis:
The diagnosis of a pneumoconiosis often rests on the appearances of the chest
radiograph in conjunction with an appropriate occupational history, although
additional clinical features (such as finger clubbing and basal and inspiratory
crackles in the lungs in asbestosis) and investigation findings (such as abnormalities
of lung function in asbestosis and serum precipitins to M. faenii in farmer’s lung) can
also be very valuable in making the diagnosis. It is very important to appreciate that
there are no radiographic abnormalities specific for pneumoconiosis, and that even if
a suggestive occupational history is obtained, other non-occupational cause of the
abnormalities observed must be considered before making the diagnosis of a
pneumoconiosis.
TABLE-1
CLASSIFICATION OF PNEUMOCINIOSIS
Effects on lungs
Inorganic dust

Retention

Iron (siderosis), Tin (stanosis)
(batritosis)

Granulomatous reaction

Coal (simple workers
pneumoconiosis)

Fibrosis: nodular diffuse
massive

Organic dust

Dusts

Extrinsic allergic alveolitis

Talc*, Silica Asbestos, Beryllium,
coal
M. faenii (Farmer’s lung
T.Sacchari) (baggassosis)

Acutegranulomatouschronic
A. Clavatus (malt worker’s lung
fibrosis
*

Industrial talc may contain silica and ‘talc pneumoconiosis’ can be due to the
effects of these dusts as well as to talc.

*

Inhalation of non fibrogenic dusts (most commonly iron oxide) with silica
producing a ‘mixed dust fibrosis’.
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The diagnosis and differential diagnosis of the pneumoconiosis are usefully
approached in relation to those different relations to these different patterns of
abnormality produced on the chest radiograph. Some of the important
occupational causes of these patterns radiographic abnormality and the more
important non-occupational causes from which they must be distinguished are
given in Table-2. It is useful to consider the causes of the pneumoconiosis in
relation to the appearance of the chest radiographs in the following groups:
1. Dust which causes small rounded opacities alone.
2. Dusts which cause small rounded opacities which may be complicated by
massive lesions.
3. Dusts which cause small irregular opacities.
4. Dusts which cause small rounded opacities which may progress to upper lobe
fibrosis.
TABLE – 2
PATTERNS OF ABNORMALITY SEEN ON CHEST
RADIOGRAPHS IN PNEUMOCONIOSIS
OPACITIES:
1. Small rounded.
Occupational causes
Siderosis, Stannosis, Baritosis, Coal worker’s pneumoconiosis, silicosis, talc
pneumoconiosis, acute beryllium disease, acute extrinsic allergic alveolitis. (eg.
farmer’s lung).
Non-occupational causes
Sarcoidosis, tuberculosis, acute extrinsic alveolitis (eg. bird fancier’s lung),
pulmonary metastases (eg. from breat and thyroid cancers), healed chicken pox,
pneumonia, hemosiderosis, histoplasmosis.
2. Small irregular
Occupational causes:
Asbestosis, tale pneumoconiosis
Non – Occupational causes:
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Left heart failure cryptogenic fibrosing alveolitis, fibrosing alveolitis, associated
with :Rheumatoid diseases, scleroderma, SLE, Sjogren’s syndrome.
3. Small rounded with large opacities.
Occupational causes:
Coal worker’s pneumoconiosis complicated by: Progressive massive fibrosis,
Caplan’s syndrome, Silicosis complicated by: Conglomerate silicosis, Pulmonary
tuberculosis, Caplan’s syndrome.
Any of one with: lung cancer, Tuberculosis.
4. Small rounded which may progress to upper lobe fibrosis.
Occupational causes:
Extrinsic allergic alveolitis (due to occupational causes). Beryllium disease,
Silicosis complicated by tuberculosis. Mixed dust fibrosis (which may or may not
be complicated by tuberculosis).
Non-occupational causes:
Sarcoidosis, Extrinsic allergic alveolitis (due to non-occupational causes).

Dusts which cause small rounded opacities alone – siderosis, atonosis and
baritosis.
Retention in the lungs of sufficient quantity of inert but radio-opaque mineral dusts such
as iron, tin and barium, which are widespread small rounded opacities on the chest
radiographs which are particularly dense in baritosis and stannosis. Accumulation of
these dusts provokes a local proliferation of reticulin, but not of collagen fibers. Lung
function is not impaired and life is not shortened. The diagnosis of siderosis, stannosis
and baritosis is made by recognition of the radiographic change in a patient with an
appropriate occupational history.
Some of the circumstances in which occupational exposure to iron, tin and barium may
occur is given in Table -3.

132	
  
	
  

TABLE -3
DUST RETENTION WITHOUT FIBROSIS
Dust

Circumstance of

Metallic iron or iron oxide dust or
fume (siderosis)

• Mining of iron ore (haematitie,
magnetite and limonite)
• Fettling (i.e. removal of burnt-on
moulding sand with pneumatic
hammers from iron castings) in iron
foundaries.
• Electric arc and oxyacetylene welding
(temperatures liberate iron oxide
fumes – heavy exposure occurs
particularly in enclosed and poorly
ventilation spaces).
• Boiler scaling (cleaning of coal fired
Boilers which contain a high
concentration of iron and carbon as
well as quartz).
• Silver polishing with iron oxide
powder (jeweller’s rouge).

Metallic tin or tin oxide fume or
(stannosis)

Bagging of tine ore Tin smelting Mining

Barytes
Barium sulphate
baritosis.

Bagging dry barites
(barites)

–

It is important to appreciate that manners of these materials may also be exposed
to a significant silica hazard, which can produce similar changes on the chest
radiograph. Furthermore, hematite miners, fettlers, welders and boiler scalers may
also be exposed to silica, which can cause a mixed dust fibrosis.
Dust which cause small rounded opacities which may be large opacities coal workers’ pneumoconiosis silicosis (and mixed dust fibrosis)
Coal workers’ pneumoconiosis (CWP) and silicosis both produce small rounded
opacities on the chest radiograph (simple CWP and simple silicosis). Both may also
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be complicated by the development of large opacities, in coal workers due either to
progressive massive fibrosis or Caplan’s syndrome, and in silicosis to conglomerate
silicosis, pulmonary TB or Caplan’s syndrome. Commercial talc containing a high
silica content may also produce small rounded opacities on the chest radiograph:
may be complicated by the development of large opacities.

A. Coal workers’ pneumoconiosis (CWP)

Coal workers pneumoconiosis is caused by the inhalation of coal dust. These
exposed to the highest concentrations have been men working underground,
particularly at the coal face. However, men in other underground jobs, such as those
transporting coal from the face to the pit shaft and those making and repairing
under-ground roadways are also exposed to coal dust. Surface workers such as
those sorting and grading the coal on the ‘screens’ are less exposed. Coal trimmers
who loaded and distributed coal in the holds of collier ships were exposed to high
dust concentrations, but this work is now done mechanically.
Pulmonary disease attributable to coal dust exposure is detected and followed by
the changes produced on the chest radiograph. The different diseases due to coal
dust exposure – simple CWP, progressive massive fibrosis and Caplan’s syndrome
– are distinguished and classified according to their radiographic appearances.
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B. Silicosis
Silicosis is caused by the inhalation of respirable dust which contains more than
about 10% free silica (‘silicon dioxide). Silica occurs in nature in three forms, quartz,
cristabolite and tridymite. Quartz is the commonest mineral, and is a constituent of
many rocks, including granite, sandstone and slate, but not of chalk or limestone.
Silica is extremely toxic to alveolar macrophages destroying those which
phagocytose it, initiating a fibrotic reaction unlike asbestos which causes a diffuse
fibrosis in alveolar walls silica provokes a discrete nodular fibrosis. The collagen
fibers in a silicotic nodule are arranged in a characteristic concentric pattern
(‘whorled or ‘onion skin’ fibrosis), which allows them to be identified in histological
sections of the lung.

i.

Simple Silicosis

Simple silicosis is diagnosed by the presence of small rounded opacities on the
chest radiograph. Initially these develop in the upper lobes but may progress,
even in the absence of further exposure, to involve the whole lung. The opacities
are classified in the same way as in simple CWP according to their profusion and
size. The extent of the radiographic abnormalities in simple silicosis is related to
relate to total dust exposure. Calcification of the opacities can occur as also
calcification of hilar glands, which gives them an ‘egg shell’ appearance on the
chest radiograph. The speed appearances and progression of these small
rounded opacities depends primarily upon the amount of respirable silica inhaled.
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ii.

Complicated silicosis – conglomerate silicosis, silico tuberculosis and Caplan’s
syndrome.
Simple silicosis may be complicated by massive fibrotic lesions (conglomerate
silicosis), tuberculosis (Silico tuberculosis and by Caplan’s syndrome.

iii.

Acute silicoproteinosis
Acute silicoproteinosis is an unusual reaction to silica exposure. It follows
veryHeavy exposure to respirable silicas as may occur in sandblasting or in
tunneling, which may develop within six months of first exposure, are of fever,
weight loss, cough and increasingly severe breathlessness. The appearance of
the chest radiograph are very similar to those of acute pulmonary edema and
alveolar proteinosis, with perihilar confluent ‘but’s wing’ shadowing often showing
air
bronchograms. The disease progresses rapidly with those affected dying
from intractable respiratory failure.
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C. Mixed dust fibrosis
The term ‘mixed dust fibrosis’ is given to the pulmonary disease caused by the
inhalation of silica dust simultaneously with another non-fibrogenic dust. Nonfibrogenic dust inhaled with silica appears to modify the fibrogenic effect of the
inhaled silica. When the proportion of free silica to the non fibrogenic dust low, the
characteristic nodular fibrosis of silicosis does occur, instead, irregular fibrous
lesions are produced. Complicating
massive fibrosis can also occur, and
tuberculosis occurs as frequently as in silicosis.

Mixed dust fibrosis has occurred most commonly in occupations where there is a
mixed exposure to silica and iron, such as in hematite, iron foundry workers, electric
arc and oxy-acetylene welders in iron foundries and in fettlers and in fettlers and
boiler scalers. Increasingly severe breathlessness on exertion, together with a cough
productive of reddish-brown sputum develops particularly in those with massive
lesions. Respiratory failure with pulmonary hypertension can develop in those with
massive fibrosis.
Widespread small rounded opacities similar to those in silicosis, which
predominantly affect the upper lobes, may be seen on the chest radiograph, irregular
opacities in the middle and upper zones, similar to the changes seen in post-primary
tuberculosis, however, are more usual. Massive fibrotic lesions similar to those
found in coal workers’ pneumoconiosis, usually the upper lobes, may develop.
Radiographically the appearances of mixed dust fibrosis can be difficult to
distinguish from tuberculosis, which may be any case complicate it. It is therefore
important even in the presence of an appropriate occupational history to look for
evidence of tuberculosis. The diagnosis of mixed dust fibrosis, however, should be
made, even if evidence of tuberculosis is obtained, in a person with a history of
appropriate occupational exposure.

Dust which cause
pneumoconiosis:
a.

small

irregular

opacities

–

asbestosis

and

talc

Asbestosis.

Exposure to asbestos dust can cause one or more of several separate diseases of
the lungs or pleura:
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1.
2.
3.
4.

Benign pleural diseases diffuse pleural thickening, pleural, pleural effusion.
Malignant mesothelioma of pleura (end of peritoneum)
Diffuse pulmonary fibrosis – asbestosis
Lung cancer

Asbestosis is diffuse pulmonary fibrosis caused by inhalation of asbestos fibers.
Its frequency in those occupationally exposed is related to both the degree and
duration of exposure.
Asbestos fibers are ingested by alveolar macrophages and transported centrally
to the alveoli within the walls of the first and second order respiratory bronchioles,
where they provoke a local fibrotic reaction. This spread peripherally to involve
the whole acinus producing a diffuse, interstitial fibrosis commences sub pleurally
in the lower lobes and spreads both within the lobes and to involve the middle
lobes and lingual, the lower lobes tending to remain the most severely affected.
Asbestosis causes breathlessness on exertion, slowly increasing with progression
of the disease. Clubbing of finger and toe nails is frequently present; dependent
and inspiratory crackles, not altered by coughing, are usually audible at the base
of the lungs.
The characteristic abnormalities seen on the chest radiograph are of small
irregular opacities predominantly in the lower zones. These changes may be
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classified according to their profusion and size by the ILO/UC classification. With
progression of the disease these small irregular opacities become more profuse,
together with a gradual plaques or by diffuse pleural thickening. Irregular opacities
on the chest radiograph which predominantly affect the middle and upper zones
of the lungs are rarely due to asbestosis.
Asbestosis cause a restrictive ventilatory defect, with a reduction in FEV1
proportionate to the reduction in FVC, as well as a reduction in Total Lung
Capacity (TLC) and Residual volume (RV), and a decrease in the carbon
monoxide gas transfer airway disease evidence of co-existing obstructive
ventilatory defect is often found in those with asbestosis.
The diagnosis of asbestosis is made on finding the appropriate clinical
physiological and radiographic features of the disease in a person who has had
substantial occupational asbestos exposure.

a. Talc pneumoconiosis
Talc is a hydrated magnesium silicate, which microscopically appears as flat
polygonal plates. Other minerals, particularly tremolite and anthophyllite
asbestos, and quartz are found in the rock from which it is mined, and
commercial talc contains variable amounts of these other minerals.
Talc is used industrially as a paint filler, as a constituent of ceramics and
roofing materials, in the rubber industry to prevent adhesion of rubber in
moulds and to aid extrusion, and also in cosmetic powders. Talc
pneumoconiosis has been described in talc miners and millers, and in some
commercial users, such as the rubber industry.
Exposure to commercial talc may involve exposure not only to talc but also to
tremolite and anthophyllite asbestos and to quartz. Three separate types of
histological reaction may occur in the lungs, the dominant pattern depending
on the composition of the inhaled talc; ill defined nodular lesions, which may
show incomplete whirling due to quartz with talc; diffuse interstitial fibrosis
produced by the asbestos, spreading peripherally from the respiratory
bronchioles, resembling asbestosis; foreign body granuloma probably due to
the talc alone. Birefringent needle shaped particles may be demonstrated with
polarized light in close association with these lesions. Massive lesions can
develop with nodular pattern of reaction.
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Breathlessness on exertion is generally associated with either the fibrotic
pattern of disease or in the nodular form when massive lesions have
developed. Finger clubbing and basal end inspiratory crackles can be found in
the diffuse fibrotic type of disease. Talc pneumoconiosis generally progresses
slowly and rarely shortens life, although premature death may occur with
widespread massive lesions and pulmonary fibrosis.
Three different patterns of abnormality may be seen on the chest radiograph:

1. Small rounded opacities particularly in the mid zones resembling the
changes of silicosis. Massive lesions can also develop in association with
this type of disease.
2. Small irregular opacities predominantly in the lower zones resembling the
change seen in asbestosis.
3. Mixed pattern - Little abnormality occurs in the early stages of the nodular
disease, but a restrictive ventilatory defect with impaired gas transfer can
occur later. The changes in the diffuse fibrotic disease are the same as
those of asbestosis.
Massive lesions can develop in the nodular form of the disease. There is little
evidence of an increased risk of tuberculosis, lung cancer or malignant
mesothelioma. The diagnosis is made on the radiographic appearances,
together with the clinical and functional findings, in the of an appropriate
occupational history. Lung biopsy is justifiable in a patient in whom the diagnosis
is in doubt, to exclude other treatable causes of similar radiographic
abnormalities.
Dusts which cause small rounded opacities on the chest radiographs
which may progress to upper lobe fibrosis – extrinsic allergic alveolitis
and chronic beryllium disease.
Widespread small rounded opacities are seen on the chestradiograph in the
acute stages of both beryllium diseases and extrinsic allergic alveolitis. Both are
diseases characterized by granulomatous inflammation in the lungs, and in both,
fibrosis can develop which predominantly involves the upper lobes. Upper lobe
fibrosis is of course also characteristic of mixed dust fibrosis, with or without
complicating tuberculosis, and of silicosis complicated by tuberculosis.
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a.

Extrinsic allergic alveolitis
Extrinsic allergic describes a group of disease characterized by a
granulomatous inflammatory reaction, which may a progress to fibrosis, in
alveolar walls and respiratory bronchioles. It is caused by a local
hypersensitivity reaction to inhaled organic dust. A large number of agent
have been identified as causes of extrinsic allergic of which some of the
more important are given in Table 4. Of these, the two diseases seen most
commonly in the united Kingdom are farmer’s lung and bird fancier’s lung
(pigeon fancier’s and budgerigar fancier’s lung). Contaminants of humidifier
systems, both in the home and at work have also recently been recognized
as cause of extrinsic allergic alveolitis.
TABLE – 4
SOME CAUSES OF EXTRINSIC ALLERGIC ALVEOLITIS

Diseases
Farmer’s lung
Bagassosis

Antigen source
Mouldy hay, straw, grain
etc.
Mouldy bagasse

Pigeon fancier’s Bird droppings
Lung Budgerigar
Fancier’s lung
Mushroom
worker’s lung
Malt worker’s lung
Ventilation
Pneumonitis
Humidifier fever

Causal antigen
Micropolyspora faeni
Thermoactinomycetes
Sacchari
Avianserum proteins

Mouldy malting

Aspergillus clavas

Contaminated humidifier
Water
Contaminated humidifier
Water

Thermophilic
actinomycetes
Amoebae

The disease has three distinguishable modes of presentation which are related
primarily to the pattern and primarily to the pattern and intensity of exposure to the
casual antigen; acute, sub-acute and chronic. Acute allergic alveolitis follows
intermittent heavy exposures. Recurrent episodes of breathlessness with fever
and ‘flu-like symptoms, such as headache, shivering and myalgia often with
associated weight loss, develop some four to eight hours after exposure and
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persist, in the absence of further exposure, for some seven to ten days. Scattered
and inspiratory crackles may be heard on examination of the chest. Small illdefined rounded opacities are seen on the chest radiograph often in all three lung
zones. These usually resolve spontaneously in the absence of further exposure
within about four to six weeks, but can persist. Continuous heavy exposure can
cause sub-acute allergic alveolitis. Instead of recurrent episodes following
intermittent exposure, the symptoms experienced are increasingly severe
breathlessness, malaise and weight loss with persistent fever. The abnormalities
on examination of the chest and the chest radiograph are similar to the acute
disease, although the shadows on the chest radiograph may be larger or become
confluent. In both forms of the disease the changes in lung function test
measurements are the same; a restrictive ventilatory defect with a decrease in the
carbon monoxide gas transfer test. With evidence of further exposure to the
causal antigen both acute and sub-acute extrinsic alveolitis are usually largely or
completely reversible disease.
With continued antigen exposure chronic irreversible changes in lung function
occur, due to the development of pulmonary fibrosis. The disease may also
present at this chronic stage in those with light exposure to the causal antigen of
lung duration. Typically such patients complain of increasing of activities from
breathlessness, usually without associated constitutional symptoms, apart from
weight loss. Scattered and inspiratory crackles may be heard on examination of
the chest. Small rounded opacities on the chest radiograph are associated with
contraction and destruction of the upper lobes, often with cyst formation. Lung
function test measurements typically show a restrictive ventilator defect with
impairment of carbon monoxide gas transfer. Patients with the disease may also
have evidence of coexisting airway narrowing, which may be on sequence of the
disease or due to unrelated causes, such as cigarette smoking.
The diagnosis of extrinsic allergic is based upon recognition of the appropriate
clinical radiograph and functional features of the disease, identification of a
potential source of antigen in the patients home or working environment, and the
demonstration of precipitating antibodies in the serum to the causal antigen.

i. Farmer’s lung:
The most important occupational cause of extrinsic allergic alveolitis is farmer’s
lung which may present in any of the three ways described above. It is caused by
an allergic reaction to Micropolyspera faenii which grows in mouldy hay, straw or
cereal grain in which the water content exceeds 35% and the temperature is 500
or more. These growth requirements are fulfilled when organic vegetable matter is
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harvested in poor conditions and stored damp, which allows moulding with selfheating to occur. Exposure to M. Faeni occurs when bales of mouldy grain is
mowed or threshed, particularly when such operations are carried out in a poorly
ventilated barns or sheds.

ii. Humidifier fever:
A similar disease, which has been called ‘humidifier fever’ is due to a reaction to
micro-organisms growing in water reservoir tanks. It occurs in those working in
factories where water is re-circulated for air humidification, or for pressure
generation. Those affected have symptoms typical of recurrent attacks of acute
allergic alveolitis. Breathlessness, associated with fever, shivering, myalgia, and
headache develop about four hours after starting work. Usually symptoms occur
on the first day back at work after an absence over a weekend or on holiday, and
improve, spontaneously over the following 12 to 36 hour despite continuing
exposure at work during the remainder of the working week. Lung function
measurements made before and after a working day in which symptoms occur,
show the development of a restrictive ventilator defeat and of a decrease in the
carbon monoxide gas transfer test. These abnormalities improve spontaneously
during the working week, and recur, with the return of symptoms, on returning to
work after an absence. The chest radiograph in those within ‘humidifier fever’ is
normal during acute attacks. Furthermore, despite recurrent attacks in some over
periods of several years, measurements of lung function show no irreversible
changes, and abnormalities do not develop on the chest radiograph. Lung biopsy
findings have not been reported.

b.

Beryllium disease:
Exposure to beryllium fume and to the dust both of beryllium metal and several of
its compounds causes two quite distinct diseases. Exposure to high
concentrations of these materials can cause an acute inflammatory reaction which
is confined to the respiratory tract, and which in these most severely affected
causes acute pulmonary edema. This is acute beryllium diseases, where not fatal,
it is usually followed by complete recovery, although chronic beryllium disease
has been reported in a small proportion of those who recover. Chronic beryllium
disease may follow acute beryllium disease, but more usually occurs without a
preceding acute illness, in those exposed over a long period to relatively low
concentrations of dust or fumes. Chronic beryllium disease is very similar to
sarcoidosis, with non-caceating epithelioid and gain cell granulomata occurring in
the lungs as well as in several other affected organs.
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Beryllium is extracted from the ore beryl, an aluminium beryllium silicate which is
mined in South Africa, the United States, South America and India. Beryllium
disease both acute and chronic occurs in those extracting beryllium from the ore
in which beryllium sulphate, beryllium fluoride and beryllium hydroxide are
produced. Beryllium oxide is derived from the hydroxide by calcinations.
Respiratory disease is the most common most of presentation of chronic beryllium
disease. Symptoms may develop within months to several years of exposure,
usually within five years of last exposure, but in some 10% of cases, symptoms
have developed after an interval of more than ten years from last exposure.
Patients usually present with increasing exertional dyponoea, or with a dry
unproductive cough. In the cases originally described in these working in the
fluorescent lighting these symptoms were often accompanied by lethargy and
considerable weight loss. With greatly improved industrial hygiene, exposures to
beryllium in those with the disease have been less severe, and such features are
now unusual. Furthermore, with regular screening of those working with beryllium,
cases of the disease may be identified by finding abnormalities on a chest
radiograph in those without respiratory symptoms, scattered inspiratory crackles
may be heard on examination of the chest, but frequently no abnormal physical
signs are present .the abnormal appearance of the chest radiograph and their
progression are very similar those seen in sarcoidosis. Widespread ill-defined
small rounder opacities are seen predominantly in the upper and mid-zones which
may be associated with bilateral hilar lymph node enlargement.
Unlike sarcoidosis, hilar lymph node enlargement does not occur in the absence
of radiographic evidence of pulmonary involvement, and the hilar lymph nodes are
not as enlarged as in sarcoidosis. As in sarcoidosis, linear opacities, due to
fibrosis radiating from the hilum, with contraction of upper lobes may develop.
Spontaneous resolution of the pulmonary shadows rarely occurs in beryllium
disease. Two shadows may remain unchanged for several years, but they tend to
be progressive. Measurements of lung function show a restrictive ventilatory
defect with an impaired carbon monoxide gas transfer test.
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6.4

Occupational Asthma

Occupational Asthma is a respiratory disorder characterized by intermittent and
reversible obstructions of the airways and caused by the inhalation of substances
or materials which are manufactured or directly used by a worker of are
incidentally present at the work site. Asthmatic reaction refers to sensitization
resulting from the product of antibodies following exposure to the offending
agent.
Occupational asthma is manifested clinically by chest tightness, cough, wheezing
and shortness of breath and physiologically by temporal alterations in pulmonary
mechanics. While airway obstruction is initially intermittent and reversible,
continued exposure to the inciting agent may, in some instances, lead to
irreversible obstructive airway disease and chronic respiratory symptoms.
Magnitude of the risk
It is impossible to give an overall indication of the prevalence of occupational
asthma. It varies widely between different countries, different industries, with the
nature of the causal agent and according to the numbers of working exposed. It
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has been estimated that about 2% of all cases of asthma are occupational. In
Japan, some 15% of asthma in adult males is believed to be occupational.
In recent years, there has been a steady increase in potential asthma-provoking
agents in industry and this can be expected to continue in the foreseeable future.
For example, studies have show that welders exposed to chromium and nickel
compounds may suffer from occupational asthma. About 5% of workers exposed
to volatile isocyanates develop asthma. Asthma prevalence among workers
exposed to grain dust, including millars and bakers, is reported to be between 2%
and 4%. The prevalence of byssinosis in the cotton industry was approximately
25% among the workers in the carding process.
Immunology
Different types of asthmatic reaction can be observed following bronchial
provocation conducted with specific antigens and under carefully controlled
conditions. The types of reaction fall into three main group: immediate; nonimmediate or late; and duel or combined reaction, during which both immediate
and late reaction occurs. To date at last two forms of late asthmatic reactions
have been described. The immediate reaction are rapid in development (within
15-30 min) and are relatively short in duration. The immunologic mechanisms
regarded as responsible for immediate asthmatic reaction are type I, IgE (longterm homocytotropic) and type I IgG (short-term homocytotropic antibodymediated allergy.
The three types of non-immediate or late asthmatic reaction consists of (a) a
reaction beginning about are hour after antigen challenge and lasting for 2-3
hours, (b) a reaction starting after about four hours, maximal 5-8 hours and lasting
about 24-36 hours, in which there is evidence of a type III precipitating antibody,
immune-complex allergic reaction, and (c) a reaction beginning early in the
morning which can be recurrent for several days after the challenge even though
measurements of forced expiratory volume in I E return to pretext levels during
the day. These various patterns of late reaction occur in the absence of lgE
antibody.
The responses of immediate and late asthmatic reaction to therapeutic agents are
different. Isoproterenol inhalation causes reversal of the immediate reactions.
Corticosteroids have little effect on the immediate asthmatic reactions, whether
given systemically or by inhalation, but they are effective in inhibiting late
asthmatic reactions. Di-sodium cromoglycate inhibits immediate asthmatic
reactions and may also inhibit certain late asthmatic reactions or those associated
with immediate asthmatic reaction.
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Etiopathogenetic and sources or risk
The causal agent of occupational asthma might be of a sensitizing or irritant
mature; for instance chronic occupational bronchitis due to the action of an irritant
substance may progress to asthma due to sensitization of the bronchial microbial
flora.
It should be mentioned also that reflex bronchoconstriction may occur after
inhalation of certain substances which may stimulate subepithelial receptors and
cause an asthmatiform response. This non-allergic mechanism is due to the hyper
reactivity of the airways. Acute bronchospasm, as a result of a reflex reaction or of
an inflammatory mechanism, has been noted following occupational exposures to
Sulphur dioxide, ammonia, hydrochloric acid, ozone nitrogen dioxide, hydrogen
sulphide, piperazine and to products of the thermal degradation of polyvinyl
chloride films used for wrapping food. Of specific interest are those substances
which have both a sensitizing potential and an irritant action (chloroplatinates,
isocyanates, formaldehyde, etc). Depending on working conditions and individual
reactivity, these substances may cause either primary asthma or initially chronic
irritant bronchitis, followed at large stage by secondary asthma. The
understanding of this mechanism is important in establishing an occupational
etiopathogenesis.
May allergenic substances in the work environment cause sensitivity and are
associated with reversible obstructive airway disease. Most of these substances
are organic in nature and include animal and vegetable compounds. In organic
are usually perhaps by acting as heptane, while the exact cause may be
identified, the relative importance of specific agent on the overall incidence of
occupational asthma is scanty. It is likely that many cases are either unrecognized
or unrecorded.
Clinically, occupational asthma can occur in one of the following:a. True allergic asthma occurring paraoxystically but usually associated with
symptom - free intervals. The attacks are provoked by exposure to specific
allergens in the workplace.
b. Non-allergic asthma caused by reflex or inflammatory mechanisms.
c. Complicated asthma with chronic bronchitis and emphysema, with
irreversible obstruction component of the airway, leading to chronic or
pulmonale and cardiac failure.
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d. The fact that many substances, considered as the causing agent of
occupational asthma, are widely met outside the working environment
creates difficulties for determining the occupational etiology. What is to
discover in a positively demonstrated allergic reaction, when and where the
offending allergen has been encountered and when the first sensitization
had occurred.
Non-occupational asthma attacks may also be provoked during working by the
action of non-specific irritants.
Diagnosis of occupational asthma
A careful history is essential for the diagnosis of occupational asthma. Clues for
suspecting the possibility of a work-related include the abrupt onset of asthma in
an adult with no previous history of allergic disease. The worker may note that
asthma tends to develop toward next morning. Sometimes the symptoms are only
nocturnal, symptomatology is frequently the clue. The subject generally improves
over the weekend or during vacations. Although the patient may be aware of
substances at work that affect him and fellow workers, in some industries complex
chemical and engineering process may liberate substances which the workers is
unaware of.
The fact that other workers are not symptomatic does not, in itself, differentiate
between a direct irritant effect and an allergic phenomenon. It is helpful to
differentiate between an irritant and allergic process. Asthma on an allergic basis
often appears after repeated exposure to the offending allergen. There is a
delayed period of exposure at work which lasts several months or several years
before the onset of asthma. Only a small proporation of exposed workers is
affected if the process in allergic in basis. Once sensitation has occurred,
reactions are elicited with very small concentrations of the substance, below those
which produce irritation and below those noted for threshold limit values. There
may be difficulty in diagnosing a late asthma reaction since the time lapse
between development of symptoms and exposure to the provoking agent may
obscure the relationship and lead to a diagnosis of non-occupational asthma or
bronchitis.
Physical examination of the worker in the office may not be helpful, but
examination at work during can lead to the diagnosis. The patient complaining of
tightness in the chest, and inspiratory and expiratory wheezes become audible
shortly after exposure begins. It is important to remember that chest examination
may be normal particularly for workers whose only symptoms are cough and
chest tightness and whose exposure took place several hours previously. The
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chest X-ray is usually normal in the vast majority of subjects with occupationally
induced asthma. The most frequent positive finding that are not related to
complications include hyperaetion, changes in thoracic configuration, decrease in
size of the heart associated with attenuation of peripheral pulmonary vassels and
prominence of the main hilar arteries.
Peripheral blood or sputum eosinophilia is useful for diagnosis. When airway
obstruction becomes chronic, the presence of eosinophilia is helpful in confirming
obstructive airway disease on an allergic basis. In a study of patients in a
respiratory disease clinic with peripheral blood eosinophil counts greater than 400
cells/m3, all the patients showed some reversibility of airway disease with
bronchodilator drugs and corticosteroids (50). These with eosinophil counts 400
cells/ml3 had a variable response. Peripheral blood eosinophilia is also present in
bronchial asthma caused by the non-occupational sources. Physicians have
applied the stop-resume work test in trying to differentiate occupational from nonoccupational causes. After several days away from work the offending allergen
will result in a decrease in total blood eosinophil count. This occurrence can be
coupled with pulmonary function tests so that the diagnosis will be more definitive.
Sputum eosinophils can be recognized rapidly and reliable on unstained
specimens. It has been reported that bronchial asthma is characterized by 15% or
more of all cells in the sputum being eosinophils, and the number possible bear a
rough relationship to the severity of the attack. Pulmonary function testing is an
essential laboratory means for confirming the diagnosis of obstructive airway
disease. FVC and FEV1 can be measured on several days while the patient is
asymptomatic and not working. Measurements after a work exposure, particularly
one associated with wheezing or dyspnea, should show a decrement of 10% or
more in FVC or FEV1 in order to be considered positive, i.e. if a stable based line
has been observed. Measurements before and after a work shift, particularly on
Mondays or after an absence from work, is frequently revealing. The diurnal
variation of FEV1 is small not more than 2-3%. Decreases of 200 ml or more,
however, are often seen from 800 to 1600 in cases of occupational asthma.
Malingering can usually be excluded by multiple measurements which vary by
less than 50 ml. provided that the test is performed by an experienced technician.
A 15% or more improvement in FEV1 lowering the administration of
bronchodilators suggests reversible airway obstruction. Patients with no
significant to bronchodilators generally have an irreversible obstructive pulmonary
disease such as chronic bronchitis or emphysema. Thus the bronchodilator
response is also helpful is also helpful in the diagnosis of occupational asthma.
Many reactions occur in the evening and at night at home, and the lung function is
often depressed at the beginning of the day in some asthmatics (morning dip).
Thus, measurements of lung function are needed at home in the evenings at
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weekends and often during holidays. Two weeks is the shortest useful record in
more cases and occasionally, it may be necessary to continue measurements for
four to eight weeks.
The simplest and most practical method is to measure PEFR by Wright’s peak
flow meter or peak flow gauge at regular intervals and record the results. The
worker can be shown how to do this himself. To obtain valid records he must
continue in his normal working conditions during the test period so that he is
exposed to the agent or process which is suspected of causing his asthma.
However, in the case of individuals with very severe symptoms bronchial
provocation tests are safer and to be preferred. In order to establish the absence
of occupational asthma in a worker with normal PEFR values records taken over a
two week period at work should show a less than 20% diurnal variation. If the
individual’s PEFR is reduced be continued for at least ten days away from work,
followed by a minimum of another two weeks at work so that the possibility of an
unusually long recovery period can be identified. If the subject is receiving
bronchodilator drugs these should be recorded and the does not varied either at
work or at home during the period of investigation. An corticosteroids and sodium
cromoglycate which may block changes in function must be withheld.
Bronchial provocation test provide the accurate means of demonstrating the
occupational origin of asthma and of identifying the responsible agent when this is
uncertain or difficult to establish as many happen if there is exposure to several
recognized causes of asthma ; and further, they enable previously unsuspected
sensitizing substances to be identified. However, provocation tests do not
differentiate between asthma caused by non- specific irritation and that due to a
specific immunology reaction. This is an important point in view of the heightened
response asthmatic individuals may have to non-specific irritant.
Bronchial Provocation testing is potentially dangerous. Tests should, therefore, be
carried out by experienced personnel with the worker in hospital conditions, and
only, the test should be performed each day. The first challenge should be very
short after which the subject is observed for 24 hours with regular measurements
of ventilatory function (FEV1 or PEFR) in case a late or natural asthmatic reaction
occurs. Initially it may be necessary to use minute concentrations of some
substances; for example, in the case of TDI, 0,005 ppm, which can be gradually
increased on subsequent test days. Care must be taken not be exceed the
concentrations which are likely to be met with at work. Hence, it may be advisable
to monitor the levels which are normally encountered in the factory before
deciding the test dose to be used.
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Methacholine challenge may be useful in assessing the bronchial reactivity of
symptom-free individuals with occupational asthma. In order to identify workers
with underlying hyper-reactive airways, one could use a provocation test
employing methacholine hyper-reactivity, by itself, should not re-regarded as
disqualifying, however, since some subjects with asthma can work with allergenic
agents without difficulty. The demonstration of exaggerated bronchial reactivity in
individuals removed from industrial exposure could indicate a latent asthmatic
state and may indicate a need for long-term follow up.
Immediate asthmatic reactions are prevented by sodium cromoglycate and
reversed by the inhalation of isoprenaline, but are unaffected by systemic or
inhaled corticosteroids. Late (no-immediate) reactions are only partially affected
by isoprenaline but are inhibited by inhalation of sodium cromoglycate and by
systemic or inhaled corticosteroids.
Prevention
This is involves a number of consideration.

1. Efficient hygienic control of processes involving known sensitizing materials,
though complete enclosure is not always possible. Reduction of exposure
levels in this way, for example, has dramatically reduced the proportion of
workers becoming sensitized in the enzyme detergent industry. However,
there are as yet few studies in which exposure levels of potential asthmaprovoking substances have been related to subsequent development of
sensitization. Sensitised workers who react to exceedingly low concentrations
of a substance may still be affected in conditions of good hygiene control.

2. Substitution by an innocuous or less harmful material. But the possibility that
the substitute might also prove to have sensitizing potential has always to be
borne in mind. For example, diphenylmethane di-isocyanate (MDI), which has
been used to replace toluene di-isocyanate (TDI), may cause sensitization in
some workers.

3. Personal protection of the sensitized worker. This may be practical in special
Circumstances. For example, the use of airline respiratory and complete
protective clothing has enabled laboratory workers sensitized to animals to
continue their work.
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4. Identification of susceptible workers, ideally a topic individuals identified by
prick testing for common allergens could be prevented from entering
processes carrying a known asthma risk. But this may mean the exclusion of
more than 30% of potential workers, and furthermore, as described already, a
substantial proportion of non-atopic individuals become sensitized.

5. Periodic medical examinations. In order to detect early sensitization before
asthma develops the identification of specific or positive skin tests is required
but, at present this is only possible in the case of a few substances – for
example, platinum salts and B.substilis enzymes. However, a routine clinical
history or an unexpected fall in FEV1, or PEFR may reveal the development of
asthma at an early stage.
Treatment
Individuals with established asthma should be removed from exposure to the
responsible process. If it is impractical to move an affected person elsewhere in
the factory, treatment with sodium cromglycate should be tried and the effect
observed by his recording his own PEFR with a peak flow meter or gauge at
regular intervals for 25 hours. But, should this succeed, long term medical
supervision is still required. In some cases in which there is sensitization to very
low concentrations of the offending agent the only, solution may be to leave the
industry. Corticosteroids, like beclomethasone dipropionate and betamethasone17 valerate, may be helpful for the treatment of an acute sever reaction.
Hyposensitization is difficult to achieve and is rarely successful.
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6.5

Lung Function Test

There are various lung function tests in current use. From the occupational health
point of view the following lung function tests are important:
Forced vital capacity

I

Forced expiratory volume

I

Spirometry

Total lung volume

I

Helium gas dilution method

Residual lung volume

I

body plethysmograph, by

Single Breath

I

chest X-rays (PA and lateral)

Diffusing capacity
(Gas transfer in asbestoses workers)
These lung function test in occupational health practice are used:
1. As a pre-employment test in workers engaged in dusty operation to find out
their fitness for such jobs as well as to establish a baseline value for future
comparisons.
2. As a part of medical surveillance in workers engaged in dusty operation
and diagnosis of occupational lung diseases.
3. For assessment of respiratory disability in occupational lung diseases.
Spirometry is done with a help of Spiro meter.
There are two types of Spiro meter
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a. Water filled
b. Dry bellows
Both are good for carrying out spirometric tests. The dry bellows types are more
portable and frequently used as such in field surveys and occupational health
practice.
Disadvantages of dry bellows types:
1. It does not possess the temperature stability like the water filed type, hence
requires frequent correction for the effect of temperature change on volume.
2. Intensive use may result in accumulation of fluid in bellows.

Calibrations of Spiro meter for volume scales are done by a large calibrated
syringe.
All the lung volumes obtained should be corrected to B.I.P.S.
Procedure:
The subject is comfortably seated in such a way that he can blow into the
instruments without leaning forward. He then inspires fully, places his mouth firmly
over the mouth piece and expires maximally. Continuing his expiration until such
tune as no further air emerges. A nose clip is not necessary. It is a standard
procedure to repeat this maneuver five times of which the first two are for practice
and the remaining three as replicate FEV and FUC determination. The best of
three readings is taken.
Causes of normal variation in Pulmonary Function.
I.

Physical Characteristics :
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a. Lung Size: (assessed fromheight usually). The larger the man, the
larger the lung.
b. Age: After the reaching the maxima at or about the puberty all functions
decline with age.
c. Sex: Almost all functions are greater in male.
d. Race: Caucasians’ have greater lung volumes than rigors, which are
greater than east Indians.
e. Obesity: Reduced expiratory reserve volume
f. Deformity: of chest cage.

II.

METHODOLOGICAL ERROR:
a.
b.
c.

III.

Postural
Previous exercise
Observer error

OTHERS:
a.
b.
c.

Tobacco smoking
Diurnal
Environment temperature via shifts of blood into and out of lungs.

Contra indication for spirometry:
History of chest pain, recent myocardial infection or other heart diseases,
ruptured eardrum, pregnancy (last time star) recent pheunothatrax. Bell’s
palsy and some other neuromuscular diseases. In addition the spirometry
should not be reformed if the subject is
1.
2.
3.
4.

Acutely ill from any cause.
Has smoked or used an acrolized bronco dilator within the past hour.
Has ingested heavy meal within the past 2 hours.
Has experienced upper or lower respiratory tract infection within the
past three weeks.

Before performing, all tight clothing and denture should be removed. The
chin should be removed. The chin should be slightly elevated with the neck
slightly extended.
As the function measurements depend on age, height, sex, the values
obtained should be converted into percentage of predicted values. For
obtaining predicted values, 2 monograms are available.
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1. Kory et all on a mixed population of smokers and non smokers
2. Morris ET all on non smokers only.
The predicted equation for lung function in Indian Kamant S.R. et all3.
In Males:
FVC = 0.0503H-0.0136A-4.488
FEV1 = 0.396H-0.0212A-3.130
PEFR = 4.236H-2.0981A-109.5
In females:
FVC = 0.0370H-0.0070A-3.187
FEV1 = 0.0274H-0.0103A-1.995
PEFR = 3.310H-1.865A-81.0
A = Age in years.
H = Height in cms.

156	
  
	
  

The following guidelines are used for assessing respiratory impairment4.

FEV/FVC%

FEV/FVC%

Obstructive

Restrictive

Normal

70

80

Mild

61-69

66-79

Moderate

45-60

51-65

Severe

45

50

The total lung volume can be obtained by 3 methods –
•
•
•

Helium gas dilution
Body plethysmograph
By chest X-ray (PA and Lateral)

As the first two methods require sophisticated equipment and the last method are
fairly accurate requiring only 2 chests X-ray, one PA view and another lateral.
Assessment of total lung volume and R.V. is important in C.W.P where the main
pathology is focal emphysema.

Procedure:
1. The area of each lung films in the P.A. film, excluding the mediastinum and
heat shadow is measured with a plain meter.
2.
The area in the lateral film, including the heart is measured.
Calculation:
1.
2.
3.
4.

Multiply the area of RT Lung field by lateral area.
Multiply the area of IT lung field by lateral area.
Calculate the fourth root of each value (1) and (2) and this to obtain X-ray
volume of each chest.
Add 2 volumes to obtain X-ray volume.
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Total lung capacity = 0.67 x (X-ray ch.Vol.) + 320. T.L.C. – F.V.C. = R.V.
Assessment of Disability in C.W.P. is based on R.V. as the pathology in C.W.P. is
focal emphysema.
Single In this the patient maximally inspires a gas mixture containing 0.2% carbon
monoxide gas, holds his breath for approximately 10 seconds and then slowly
exhales the gas ,which is then collected for analysis.
breath-diffusing capacity:

The disadvantages of this method
1. The result depends on maximal inspiration and that a severely dysphonic
patient may be unable to hold his breathy for 10 seconds.
2. In severely obstructed patients, falsely low values may be obtained because
CO may not reach the avidities.
DCO x 1.25 = DO2
Single breath diffusing capacity is important in asbestosis where fibro sing
avidities occurs resulting in impairment of gas transfer.
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6.6

Guidelines for the use of ILO International Classification of Radiographs of
Pneumoconiosis
During the past 50 years the I.L.O has promoted discussion and published a
series of guidelines on ways of classifying chest X-rays on pneumoconiosis. The
aim has been to standardize classification methods and facilitate International
comparisons’ of pneumoconiosis statistics and research reports.
OBJECT OF CLASSIFICATON
1)
To codify the radiographic abnormalities in a simple reproducible manner.
2)
It does not define pathological entities.
3)
It does not take into account working capacity.
4)
It does not or imply a level at which compensation is payable.
There are complete and short classifications which are complementary and
compatible.
When to use the classification?
If any of the appearances of the pleura of parenchyma are consistent with
pneumoconiosis, proceed with the classification. Do not classify any appearances
which are definitely not pneumoconiosis, but record these using symbols and
comments.
Definition of term used in the classification.
1. Technical quality of film grades as
(i) good
(ii) acceptable
(iii) Poor
(iv) unacceptable
2. Profusion the category of profusion is based on assessment of the
concentration of opacities by comparison with standard radiographs. The
profusion is classified using the 12-point scale.
3. ExtentThe lungs are divided into 6 zones-upper, middle, lower, right and lefthorizontal lines drawn at 1/3 and 2/3 of the vertical distance between the lung
apices and domes of the diaphragm.
4. Shape and size two kinds of shapes are recorded. Rounded and irregular.
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Small rounded opacities:
P - Diameter up to about 1.5 mm.
Q - > 1.5 mm and up to about 3 mm.
R - >3mm and up to about 10 mm.
Small irregular opacities:
S - Width up to about 1.5 mm.
t - Width exceeding 1.5 mm and up to 3 mm.
v - Width exceeding 3 mm and up to 10 mm
In recording, shaping, and size, two letters must be used. One which is
predominant should be recorded first, separated by an oblique stroke followed
by the one which is also seen ex (q/q, q/t).

Large opacities.
Category A : An opacity having greatest diameter exceeding about 10 mm
and up to and including about 50 mm, or several opacities each greater than
about 10 mm the sum of whose greatest diameters does not exceed 50 mm.
Category B:One or more opacities larger or more numerous than those in
category A whose combined area does not exceed the equivalent of right
upper zone.
Category C: One or more opacities whose combined area exceeds the
equivalent of right upper zone.
Pleural thickening:
The site, width, and extent of pleural thickening are recorded separately.
Types

: circumscribed (plaques), and or diffused.

Site

: right and left chest walls.

Width

: a = maximum width up to 5 mm.
b = maximum width over about 5 mm and up to 10 mm.
c = maximum width over 10 mms.
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Extent:
It is defined in terms of maximum length of pleural involvement or as the sum
of maximum length whether seen in profile on face on.
1 = Total length equivalent to up to ¼ of the projection of the lateral chest wall.
2 = Total length equivalent to up to ¼ but not one half of the projection of the
lateral chest wall.
3 = Total length equivalent to up to one half of the projection of the lateral
chest wall.
Diaphragm:
A plaque is involving diaphragmatic pleura is recorded separately as present
or absent, right and left.

Costo phrenic angle obliteration:
Is recorded as present or absent, the site, right or left is specified.
Pleural calcification:
Site and extent are recorded for two lungs separately.
Symbols:
Use of symbols is obligator.
The symbols are:
ax - coalescence of small pneumoconiosis opacities.
bu - bylla (e)
ca - cancer of lungs or pleura.
cn - calcification in small pneumoconiotic opacities.
co - abnormality of cardiac size or shape.
co - corpulmonale.
cv - cavity.
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di - marked distortion of Intrathoracic organs.
ef - effusion.
em - definite emphysema.
es - egg shell calcification of hilar or mediastinal lymph nodes.
fr – fractured ribs.
hi – enlargement of hilar or mediastial lymph nodes.
ho- honeycomb lung.
id- ill- defined diaphragm.
ih – ill- defined heart outline
kl – septal (Kerley) lines
od – other significant abnormality.
pi – pleural thickening in the interalveolar fissure of mediastinum.
px - pneumothorax
rp- rheumatic pneumoconiosis
tb - tuberculosis
Comments on any other relevant information.
Number of readers there is a considerable variation in repeated readings of
the same radiograph, not only from reader to reader but also between
readings by the same reader.
Hence, at least two and preferably three independent readings should be
obtained for each radiograph.
Viewing should be done by the other to see shadows only 1mm in diameter that is
about 250 mm distance. It is recommended that the radiograph to be classified is
placed in the middle and the more commonly used standard radiographs on either
side.
The viewing box must be clean and the intensity of illumination should be uniform
over the whole surface and visually identical over the areas where the
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comparisons’ are being made. The general illumination in the room should be low
without direct day light. The viewer should not have any information about the
individual concerned, and the findings should be recorded in a standardized and
systemic manner.
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Chapter - 7 : INDUSTRIAL DERMATITIS
An industrial dermatitis is any eczema toes process resulting direct process resulting
directly from or aggravated by industrial environment. Industrial dermatitis is more
restrictive word signifying inflammation of the skin caused by variation of agent.
The dermatitis usually starts with patches of erythema, edema and vesiculation over the
parts of the body exposed to the contactant.

Occupational at	
  high	
  risk
•
•
•
•
•
•

Cleaner
Housekeeping
Construction
Food	
  service
Medical	
  dental
Engineer

•
•
•
•
•
•

Hairdresser
Mechanic
Printer
Butcher
Agricultural/Gardening
Machinist

18

PROTECTIVE FUNCTION OF SKIN
Barrier

Components

Effects

Surface Film

sweat, sebum and sebaceous
Material, keratin, bacteria
lactates.

barrier function antibacterial
buffer action and hydration

Epidermis

stratum corium, stratum
Malpighi, Pigment cell and
percutaneous penetration

U.V. defense prevents
basal cell layer
Prevents water loss.

Dermis
regulation

Collagen, elastic tissue, blood
Vessels nerves

Resilience, ThermoSensory perception &
immunology.
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AGENTS CAUSING DERMATITIS

1. Chemical:
a) Inorganic: Arsenious, Chromic, Nitric sulphur, Cement etc.
b) Organic: Acetic, Carbolic, formic, Oxalic, Salicylic.
c) Alkalis: Ammonium hydroxide, ammonium carbonate, sodium hydroxide,
sodium carbonate.
d) Metal salts: Antemonous Trioxide, Arsenic trioxide, Chromium chromates etc.
e) Solvents: alcohols, Ketones, Petroleum, Coal tar, Turpentine.
f) Resin Systems: acrylic, epoxy, Urea , formaldehyde
Besides these are large number of chemical also causes the dermatitis.
2. Physical:
3. Mechanical:
4. Biological:

Heat, Cold, electricity, U.V etc.
Trauma, Friction, vibration.
Viruses, Bacteria, fungus and parasites.

How	
  exposure	
  can	
  occur

Direct handling

Splash
ing
Contaminated
surfaces

Immersion

Deposition
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MECHANISM OF ACTION:
Chemical:

As primary irritant.
As sensitizing agent.

Physical:

water logging of the keratin layer and occlusion of sweat duct.
Vessel injuries,

Mechanical: By setting a reaction to the process of irritation.

PRE-DISPOSING FACTORS:
Excessive hairy workers are more subject to folliculate from contact with oils,
greases, sugar and dirt. Oily skinned persons are more apt to acquire chlorine.
Industrial dermatitis is more prevalent in warm weather. Sweat retention
syndrome and hyper hydrosis increase the increase of dermatitis. Pre-existing
skin disorders; age, cleanliness and personal hygiene all also contribute in the
causation of industrial dermatitis.
DIAGNOSIS:
History, site of eruption, characteristic appearances of lesions helps in making the
diagnosis. Here it must be kept in mind that any dermatitis to an individual working
in an industrial set up is not necessarily as a case of occupational dermatitis.
Laboratory test helps in proving the cause and effect relationship. Patch test helps
in diagnosis of many cases of allergic contact dermatitis.
TREATMENT
Acute Conditions:
Ø Soaking the effected parts with dilute potassium permanganate 1:1000
dilution.
Ø Addition of crushed ice to soaking solution in case of itching.
Ø Use of corticosteroids cream base or lotion (not ointments)
Ø Systematic antibiotic if indicated along with antihistamines.
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Chronic Conditions:
Ø Potent corticosteroid ointment initially followed by a low potency
hydrocortisone in greasy base.
Ø Soak the affected parts in water with urea solution 20%.
Ø Avoid blind administration of corticosteroid.

PREVENTION
a) Control of work environment.
b) Personal Protective Devices.
c) Education and Training.
d) Medical Examinations.
Ø
Ø
Ø

Pre employment.
Pre placement.
Periodic.

CEMENT DERMATITIS
Cement dermatitis is found in those workers who are exposed to cement dust and
is mainly due to allergy to ethyl bases of calcium, Sulphuric acid and Alumnae
present in cement.
SIGNS AND SYMPTOMS
Symptoms:
Severe itching in the area affected by cement known as” cement workers itch”.
There is severe burning sensation leading to sleepless nights.
Signs:
From mild Erythema to moderate or severe Erythema in the skin of the exposed
part is noticed. Ultimately, those lesions turn into vesiculation which further
complicates into blister formation and ulceration. The rash is more severe in the
presence of perspiration or where there are cuts or abrasions. Cement affects the
skin, hair, nails. Later Eczematous type of oozing starts which either results into
crust formation or turns into pyoderma with cellulite is due to superimposed
secondary bacterial infection.
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Types:
1. Acute form: The eruptions starts with oozing which soon turns into
Eczematous type of Dermatitis followed by pyoderma, cellulites’, causing
severe itching with fever and body ache.
2. Chronic Form: Here the lesions are popular and lichenified. Typical lesions
of lichen planus are noticed in some of the cases. There is severe pruritis.
In some cases skin of the hands feel; dry, stiff and swollen and causes
severe burning type of neuralgic pain. When the treatment is started they
respond quickly. Initially they are put of the work till active lesions clear up
with treatment. When they resume they are given protective measures like
hand gloves. The affected skin then slowly desquamates giving rise to new
epithelium.
Treatment: The worker is removed from the source of irritation. Depending upon
the lesion, he is given local corticosteroids and antibiotics as well as systemic
antibiotics and steroids. Antihistamines are found of no values in these cases.
Once the patient is recovered he is advised to make use of protective equipments
like, protective boots and protective aprons or gowns. There are no barrier creams
that can offer satisfactory protection in cement dermatitis. Hence, mechanical
protection and not the chemical protection is the key to the cement dermatitis
problem.
Involvement of oral and nasal mucous membrane:
There is one more thing to be kept in mind and that is during the handling of the
cement dust that is inhaled causes ulceration of the oral and nasal mucous
membrane, which should be looked for in a case of cement dermatitis.
Involvement of nails:
Initially, there is collection of cement below the nails. Gradually, the nails become
thin and friable.
CARDIAC CASES IN INDUSTRY
Modernization has its advantages and disadvantages. With the rapid progress of
industrialization, modern social fabric has been strained to the limit and the
diseases related to stress and strain of life have suddenly increased.
Cardiovascular disorders are the commonest type of diseases in all civilized and
developing nations alike and form the foremost cause of death. Hence, it is
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important to address our attention to the treatment, control and prevention of
these diseases.
All modern industrial establishments have some sort of health care program for
their employees. If this covers only the workers then the industrial medical officer
will encounter diseases commonly occurring between the ages 21 to 60 years of
life. If, however, the health benefits are extended to the families of the workers
then all diseases from pediatric to geriatric age groups will have to be tackled.
Hence, we will focus our discussion on a wider scale. The usual disease pattern
seen at industrial medical clinic can be classified as follows:
1. Congenital:
The industrial Medical Officer(IMO) has the responsibility to
detect and direct these cases to an appropriate specialty centre for further
work-up and medical or surgical management. Such cases will then be
referred back to “home care” under his supervision. Commonest conditions
encountered are atrial and ventricular septal defects, patent ducts arteriosus,
tetralogy of Fallot’s and aortic and pulmonary stenosis.
2. Rheumatic heartdiseases are very common in our country and hence the IMO
will see many patients of mitral and aortic valve diseases. Their medical
management (including the monthly injections of long acting penicillin) is
carried out under the periodical specialist supervision. Many patients will
require lifelong anti- coagulation following valve replacement surgery. Its
implementation is the IMO’s responsibility. He is dealing with “closed”
population group in many instances, he has a more effective control to prevent
the spread of and treat streptococcal respiratory illness as well as impart
health education to all concerned.
3. Myocardial diseases: (e.g. cardiomyopathy and myocarditis) are uncommon
and need in many cases prolonged medical management after initial
investigative work up.
4. Ischemic heart diseasesand hypertension form the bulk of patients suffering
from C.V.S diseases. Modern life is characterized by lack of physical exercise
has various beneficial effects on human physiology eg. Reduction of systolic
and diastolic blood and oxygen utilization in the tissues. It also removes the
monotony of daily work and improves productivity. Hence, in many places “on
floor” exercises under the supervision of a group leader are given to the tune of
attractive music and rhythm for a period of 10-15 minutes. Studies have shown
a reduction in the increase of CVS diseases and increase in the productivity by
about 15-20%.
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Most of the workers undergo annual or bi-annual health check up. Since this
worker population is under effective follow up, individual at increased risk of
developing CVS disorders can be detected, investigated and treated as
needed. I must comment at this stage on the practice of taking
Electrocardiograms (ECG) of these people. Usually a resting ECG is obtained
and can be normal in as much as 50% of the cardiac cases of Ischemic heart
diseases. Hence a stress cardiogram should also be taken to effectively detect
these cases. Persons with strong family history of IHD and having other risk
factors like hypertension, smoking, diabetes etc. should be checked more
frequently. These measures will reduce the incidence of fatal and non fatal
myocardial infarction (M.I) and the loss of man hours. Whenever a person
suffers from angina pectoris aggressive work up to treat the patient medically
or surgically is advised. If a worker suffers from acute myocardial infarction
then effective pre hospital care is needed to stabilize the case and facilitate his
or her transfer to intensive care unit.
Many industries have their own modern hospital, while others utilize the
facilities in nearby big hospitals.
After the patient comes back from the hospital the IMO acts like a family
physician for further follow up and has the added responsibility of evaluating
the job fitness of the patient He may come under tremendous pressure both
from employers and employees for suitably modifying his recommendations
and will have to carefully assess the situation with sole purpose of assuring the
continued health of the patients.
Many patients undergo cardiac surgery of various kinds and are on lifelong anti
coagulants, the dose of which will have to be decided on the basis of periodic
prothrombin time estimations. Various aspects of the working conditions like,
humidity and temperature, accidents possibility and psychological conflicts
have to be assessed and suitable placement of the employee recommended.
Modern gadgets like cardiac stress test, telemetry and Holter monitoring can be
effectively used to assess the effect of above mentioned factors on the patient
while he is actually working in given job environment.
The caloric consumption of various activities in a trail establishment have been
worked out in a particular patient can be tested for a particular job activity on
the basis of ‘Equi caloric matching’ before certifying the patients as “fit” for
resuming his duties.

170	
  
	
  

Mass education and awareness of one’s rights have increased the importance
of medico-legally effective discharging his duties by the IMO towards his duties
by the IMO towards his patients. In some of the countries even a myocardial
infarction occurring in the course of duties is considered as an “accident” and
the worker then becomes liable for appropriate compensation. Similarly, C.V.S
disorders occurring as a result of heated arguments, exposed to extremes of
temperature, humidity or noxious chemicals or accidents to chest or electrical
shocks qualify for medico-legal compensation. The IMO then is required to
assess the extent to which the company is liable for such claim.
Sometimes the IMO is liable for medico-legal consequences of his act in a
particular case. Following guiding principles gives the final decision about his
liability.
a. The defending physician owed the patient duty to conform to a particular
standard of medical care.
b. The physicians conduct did not confirm to this standard.
c. The plaintiff (i.e.,the worker) suffered harm, and
d. The harm suffered was directly and proximately caused by the negligent
conduct of the defendant physician
The medico- legal liability also occurs if the defendant physician has
‘promised’ or ‘guaranteed’ a certain cure which doesn’t occur”.
In conclusion therefore the IMO has a key role to play in imparting meaningful
health care to the industrial community under his care and thereby improving
the standard of health of individual as well as the productivity of the plant.
Proper documentation of his examination findings as well as advice given from
time to time as well as obtaining expert’s second opinion in time whenever
needed will protect him from various medico- legal liabilities.
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Chapter - 8 : OCCUPATIONAL CANCER

8.1

Introduction
Occupational cancer is a form of delayed toxicity, usually serious in clinical course
and outcome, due to exposure to chemical and physical agents (Carcinogens) in
the work place. Scientifically, occupational cancer holds a central position in the
history of cancer research as it provided the first examples of cancers for which
and etiology could be identified, first in terms of occupational exposures and
subsequently in terms of specific causative agents. To quote the most famous
instance, cancer of the scrotum was initially linked to exposure to soot in chimney
sweeps by Percival Potts in 1975 and much later (in 1930’s) several polyclinic
hydrocarbons were identified as the active causative compounds. The chief
relevance of occupational cancer lies in the fact that occupational determinants of
cancer once identified can be removed or controlled more easily than causal
factors related to personal habits like smoking and other life style factors.
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The appearance of cancers in workers exposed to certain physical and chemical
agents is one of the most dramatic features of occupational pathology. It was not
until fairly recently that the full extent of this hazard was realized when it was
discovered that a considerable number of substances, products and other
chemical and physical agents employed in various industrial processes could
have a carcinogenic effect.
In the work place, the primary route of exposure to a carcinogenic agent is
through inhalation, although concomitant ingestion and skin contact can also be
significant. We have currently no established scientific method to determine
threshold levels for chemical carcinogens, if needed such thresholds do exist. In
the industrial environment, workers may be exposed to multiple carcinogenic
agents who may be exposed complete for the same target organ or site. Multiple
exposures can occur on the job, in the diet and in ambient and home
environments. As a result, it is concluded that it is not currently possible to
demonstrate safe levels of exposure to all chemical carcinogens.
The two situations which led to the discovery of a carcinogenic risk areas an
unusual occurrence of a rare tumor in a working population (angiosarcoma of liver
on polyvinyl chloride workers, pleural mesothelioma in asbestos workers) or an
excess of a common neoplasia in a specific industrial process (lung cancer
among employees in bis-methyl ether and chloro- methyl ether production, lung
cancer in mustard gas industry).
Identification of carcinogenic hazards is usually done by means of epidemiological
cohort studies and by animal experiments and chromosomal aberrations and
sister chromatid exchange studies for the evidence of characteristic changes
suggestive of carcinogenic potential. Almost all chemicals shown to be
carcinogenic to man have also been shown to be carcinogenic to animals.
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8.2.

Magnitude of the problem
Though some amount of data is available on the incidence of various work related
disorders in our country, no figures are generally available with respect to
incidence of occupational cancer due to various reasons. In the recent years,
attempts have been made to measure the magnitude of the occupationally
induced cancers. Industrially advanced countries have reported occupation to
contribute to about 4% of the total cancer incidence, the range being 2-8%.
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8.3.

Causative Agents
The number of agents proved to cause cancer in human is still rather small, about
20.To this can be added some occupational activities and industrial processes
where the hazardous agent is known to exist but has not been identified.
Many developed countries have classified carcinogenic substances into different
groups taking into consideration various criteria, and prepared national lists. In the
USA the ACGIH (1989) has prepared a list of 12 confirmed Human Carcinogens
and 43 suspected Human Carcinogens (Appendix – I) The OSHA has issued
regulations as a final standard for 20 carcinogenic substances (Appendix- II).

All the international level guidelines have been developed by the IARC
(International Agency for research on Cancers).
The IARC- experts suggest placing of chemicals, group of chemicals, industrial
processes or occupational exposures into the following groups.
Group 1:

Those casually associated with cancer in human.

Group 2:

Those probably carcinogenic to human.

Further, group 2 includes group 2A (high degree probability) and group 2B (lower
degree of probability)
Substances for which there is evidence of carcinogenicity to man derived from
occupational exposures are given in table –I.
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8.4.

Diagnosis
Establishment of a specific case of cancer as occupational in origin is difficult as it
has no specific identifying characteristics . Tumors of occupational origin have the
same pathological features as those which appears to arise spontaneously and
they have the same symptoms. However, they all have the following common
characteristics.
1. They tend to appear at an early age than spontaneous tumors of the same
sites.
2. Therefore death also occurs at a younger age.
3. They occur as a result of repeated, but not necessarily continuous exposure
to carcinogens.
4. There is usually a long latent interval is usually of the order of 20 years or
more.
The main diagnostic assessment remains a detailed occupational history of the
cancer patient. The first job is to investigate whether the patient has been
employed in a job which exposure to a carcinogen could occur. The worker is
rarely aware of the chemical compound present in the occupational settings in
which he is or was employed. The factory records may be helpful in this regard.
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8.5.

Control of Occupational Cancers
Once the causative agents of occupational cancer present in the wok environment
is identified, it can be very effectively controlled or even totally eradicated by
various measures. The alert clinician, however, remains to most important source
of leads to occupational cancer.
The most effective measures to prevent occupational cancer are to prohibit the
presence of carcinogenic substances in industrial processes. Only a few countries
have legal restrictions. Industrial research on the use of non- carcinogenic
substances as a substitute should be developed.
A second option is to eliminate the contact between workers and carcinogenic
substances present in the work place. This includes 3 aspects:

i.
ii.
iii.

Production and transportation of carcinogens in closed systems.
Control of the working environment by monitoring levels of exposure and
installation of air- conditioning systems effective even in emergencies.
Personal protective equipments for those workers at a higher risk of
coming into contact with carcinogenic substances.
Workers participation in the prevention of an occupational cancer plays a
very important role. Health education programme to reduce the delay in
diagnosis in patients developing symptoms of diseases by emphasizing
early working signs to be adopted. Workers should be explained regarding
the hazard of a cancer at the workplace. Measures like housekeeping,
ventilation, use of personal protective equipment and personal hygiene
minimize the hazard.
They must be made aware of the early signs of cancer and seek medical
advice at the earliest possible indication of any malignancy. Personal
habits like smoking are to be discouraged.
In the light of the present knowledge, early detection and prompt treatment
of early cancer and precancerous conditions provide the best possible
protection for the workforce. Establishment screening and medical
surveillance of the workers for the early detection of probable cancer are
useful. Early diagnostic test like exfoliative cytology (pap test) radiography,
ultrasonography, endoscopy, etc. have an important role. Immunologic
tests may be of some value, but are still at developmental stage .e.g.:
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a. Galactosyl transfers II (GT II) isoenzyme II. This substance is present in
the blood of the Cancer patient long before the traditional symptoms
appear.
b. Measurement of an anti-tumor immune factor: the response in the
humoral leucocytes Adherence inhibition (H-LAI) may be caused by anti
tumor antibodies of IpG type in the serum.
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8.6.

Recent Developments in India
The Government of India has listed certain carcinogenic dye intermediates into
prohibited substances and controlled substances under certain conditions and
framed Model Rules in 1987 under Schedule XXIII of the factories act 1948
(Table-2)
Handling of some of the carcinogenic chemicals like nickel, chromium, arsenic,
cadmium, asbestos, benzene, etc. are notified under section 87 of the factories
act 1948 as Dangerous processes and operations requiring generally more
stringent control measures.
“Occupational cancer” has been included in the list of notifiable diseases (The
Third Schedule under Section 89 and 90 of the Factories Act1948) during 1987
requiring factory managers and medical practitioners to report cases of
occupational cancers also with a view to enable the State Governments to
investigate such reported cases, to initiate adequate control measures and to
enforce various safety and health provisions more effectively thereby
safeguarding the health of the workers.
The Directorate General Factory Advice Service and Labor Institutes propose a
new schedule, prohibition, restriction and control of certain , substances shall be
included.
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APPENDIX - I

CONFIRMED HUMAN CARCINOGENS:
1. 4-Aminodiphenyl
2. Asbestos- Amosite, Chrysotile, Crocidolite, Other forms.
3. Benzidine.
4. Bis (chloro methyl) ether.
5. Chromite ore processing (chromate) as Cr.
6. Chromium (iv) compounds as Cr. Certain water insoluble.
7. Coal tar pitches volatiles as benzene soluble.
8. 2- Naphthylamine
9. Nickel sulphide roasting fumes dust as Ni.
10. 4- nitrophenyl
11. Vinyl chloride
12. Zinc chromates.
SUSPECTED HUMAN CARCINOGENS:
1. Acrylamide.
2. Acrylonitrile.
3. Antimony trioxide production.
4. Arsenic trioxide production.
5. Benzene.
6. Benzo(a)pyrene.
7. Beryllium and compounds.
8. 1,3 butadiene
9. Carbon Tetra chloride.
10. Chloroform.
11. Chloromethyl methyl ether
12. Chrysene
13. 3,3 Dichlorobenzidine
14. Dimethyl carbamoyl chloride
15. 1,1 dimethyl hydrazine
16. Dimethyl sulphate
17. Ethylene dibromide
18. Ethylene oxide
19. Formaldehyde
20. Hexachlorobutadiene.
21. Hexamethyls phosphoramide
22. Hydrazine
23. Lead Chromate.
24. 4,4- Methylene bis (2- Chloroaniline)
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25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.

4,4- Methylene di aniline
Methyl hydrazine
Methyl iodide
2- Nitropropane
N .Nitroso dimethylamine
N- phenyl- beta- naphthylamine
Phenyl hydrazine
Propane sulphone
2- Propiolactone
Propylene imine
O- toluidine
o-toluidine
p-toluidine
Vinyl bromide
Vinyl cyclohexane dioxide
*Cadmium and compounds as Cd
Methylene Chloride
*Ethyl acrylate
*Xylidine (mixed isomers)

* for 88-89(ACGIH)
Ref. TLV Booklet 88-89 (ACGIH)
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APPENDIX-II
(OSHA List of Carcinogenic Substances.)
1.
Asbestos
2.
Coke Oven emission
3.
3,3’ Dichlorobenzidine and its salts.
4.
4- Dimethylaminobezon
5.
Inorganic arsenic
6.
a- Naphthylamine
7.
b- naphthylamine
8.
2- acetylaminofluorene
9.
4-amino diphenyl
10.
4-nitro biphenyl
11.
Ethylene oxide
12.
Benzidine
13.
B- Propiolactone
14.
Vinyl Chloride
15.
Chloro methyl methyl ether (CMME)
16.
Bis-chloromethyl ether(BCME)
17.
Ethyleneimine
18.
N- nitro dimethyl amine
19.
Acrylonitrile
20.
1-2-Didrome-3-chloropropane
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APPENDIX-III

INDICATIVE LISTS OF CARCINOGENIC SUBSTANCES AND AGENTS(Drawn up by an ILO Panel of Consultants)
GROUP-1:
Exposure should be avoided to:
2- naphthylamine
Nitrosamines (diacyl)
Benzidine
4- Amino diphenyl
2- Acetylaminofluorene
2-Nitronopthylamine
4- Dimethylaminoazobenzene
4- Nitrophenyl
Methylinitrosourea (MNU)-N-Nitroso-N-methyl urea
Bis (chloromethyl) ether.
GROUP-2:
Exposures should be limited through the application of stringent protective
measures.
1-Napthylamine3
Propane sultane
Asbestos
Vinyl Chloride
Ionizing radiation and radioactive substances
Methylchloromethyl ether
Diazomethane
1,1-Dimethylhydrazine
Benzene
B- priolactone
GROUP -3:
Exposure should be kept to a minimum through the use of the most feasible and
applicable technical and personal protective measures.
Chemicals:
Inorganic arsenic
Nickel carbonyl
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4 4, methylene bis-o-chloraniline (MOCA)
Dimethyl sulphate
3 3, Dichlorobenzidine
o- toluidine
Dianisidine
Ethyleneimine
Ethylene thiourea
Materials of Complex Composition
Coal Tar
High boiling petroleum residues
Cutting mineral oils
Shale oil
Creosote oil
Coal pitch
Soot
Industrial Processes
Treatment of Chromium Ores.
Treatment of Nickel ores.
Auramine manufacturers.
Magenta mining
Hematite mining
Coke-oven operations
Manufacture of isopropyl alcohol
Pressing of paraffin wax from petroleum.
Use of anti oxidants and accelerators in the rubber and cable making industry.

TABLE-I
Substances for which there is evidence of carcinogenic to man
derived from occupational exposure

Substances

(1)
A. ORGANIC
SUBSTANCE

Category of
evidence

Site

Example
Exposure

of

(2)

(3)

(4)

1

Lung

Gashouse Workers

1

Skin

Cokeoven workers

Lung

Chimney sweeps

IARC
Evaluation
(5)

1. Aromatic Hydrocarbons
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Coal soot
Coal tar

Shale Oils

1

Skin

1

Hemato
poietic

Petrochemical

Benzene
Auramine

1
1

Rubber cement

1

Bladder
Benzidine

1

Dye Workers
Bladder

B-naphthylamine

1

Dye Workers

2B

Dye Workers

1

Chemical workers

1

Chemical workers

1

Producers

1

Lung

1

Bladder
4 Amino diphenyl
2. Alkylating agents

1
Lung

Mustard gas

1
Lung

Vinyl Chloride

1
Liver

Bis (chloromethyl)

1
Lung

ether

1

3. Others

1

Iso propyl oil

1

Wood dusts

1

Producers
Nasal

Leather Dusts
Cavity
B. INORGANIC
SUBSTANCES

1

Furniture Workers

3

Nasal

1. Arsenic

Cavity
1

Leather Workers
Nasal

2. Beryllium

Cavity
1

Smelters

1

Lung
Herbicides
3. Cadmium

Skin
2
Lung

Atomic
Energy
Workers, Alloys

2B

187	
  
	
  

4. Chromium

2

Zinc Refiners Battery2A
makers
Prostate
producers

5. Hematite

1

1
Lung

6. Nickel

1

workers

iron foundry
Lung

7. Asbestos

Pigment
Miners

Refinery workers

1

2A
Lung,

1

3

sinuses

Millers
insulation

1

Lung
C. PHYSICAL AGENTS

pleura
Peritone
um

1. Radon Daughters
2.

X-Rays

Miners
1

X-Ray workers

1
Lung
3. Ultra Violet Radiation
Skin,
4. Radium Paints

Outdoor workers
1

leukemi
a

Dial Painters

1
Skin
Bone

NOTES:
CATEGORY OF EVIDENCE

IARC EVALUATION
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1. Sufficient

1

carcinogenic for humans

2. Limited

2A

Probably Carcinogenic- good evidence

2B
poor

Probably Carcinogenic- mode- rate to

evidence
3. Inadequate

3

Inadequate
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TABLE-2
(Model rules under Schedule XXIII of the factories Act, 1948)
A. PROHIBITED SUBSTANCES
a) Beta-naphthylamine and its salts
b) Benzidine and its salts
c) 4- amine diphenyl and its salts
d) 4- nitro diphenyl and its salts
e) Any substance containing any of these compounds.
B. CONTROLLED CHEMICAL SUBSTANCES
a) Alpha- naphthylamine or alpha- naphthylamine containing not more than one
percent of Beta- naphthylamine either as byproduct of chemical reaction or
otherwise and its
salts.
b) Ortho- toluidine and its salts
c) Dianisidine and its salts
d) Dichlorobenzidine and its salts
e) Auramine and
f) magenta
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Chapter - 9 : PSYCHOLOGICAL HAZARDS

9.1

Behavioural Toxicology
INTRODUCTION
Toxicology is the scientific study of poisons, their detection, antidotes and their
effects on organisms (Durham, 1975). In the context of Occupational Health,
occupational hygienists and toxicologists, attempt to assess, predict and control
the effects of toxic materials produced and/or used at workplace, upon the
individual at work. The purpose is to adopt adequate preventive and curative
measures to ensure safety and well being of the individual. Generally, in
toxicological studies, biochemical, toxicological and/or histological investigations
are undertaken. In recent times, for a number of reasons, the need to carry out
elaborate investigations into various behavioral dimensions for the assessment of
toxic effects on individuals has been increasingly felt. First, it has been reported
that there is a wide spectrum of toxic substances and exposure to which for over a
number of years could cause subtle behavioral changes among individuals even if
the extent of exposure were relatively low within the recommended limits of
Threshold Limit values (TLV). It is feared that in spite of keeping apparently good
health, such behavioral changes in the individual could interfere into his ability to
work safely and accurately in the workplace as well as to lead a satisfactory life
outside the workplace (Xintares et al, 1974).
Secondly, it has been evidenced that individuals differ in their sensibility and/or
susceptibility to toxic substances at their workplace. For some people exposure to
certain substances, even within allowable limits, may lead to impairment of
psychomotor abilities or to frank psychiatric illnesses (Axelson et al, 1976).
Thirdly, the major focus of toxicological studies being toxicological, histological or
biochemical investigations, the behavioral dimensions are generally overlooked or
relevant behavioral data are discounted labeling those as subjective factors
especially in those cases where biochemical or histological investigations do not
confirm toxic traces within allowable limit. Therefore, behavioral analysis in
toxicological studies becomes all the more necessary.
Fourthly, there has been a new awareness to determine the level of exposure that
is socially acceptable (Krishnamurthy, 1984). It connotes the importance to take
into consideration the behavioral indices in fixing the exposure limit to toxic
agents. It may be pointed out that the USSR formulated Maximum Allowable
concentration (MAC) is generally more stringent than the USA developed TLV.
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The reason is, in developing MAC values over and above the biochemical and
histological considerations, behavioral dimensions (in Free with Pavlovian
Conditioned Reflex experimentation) were taken into consideration.
All these factors lead to the emergence of a new branch of toxicological
investigation. In 1975, Weiss termed this new era of study as “behavioral
toxicology”
Subject matter of Behavioral Toxicology
In the Occupational context, Behavioral Toxicology is a systematic study of
various dimensions of human behavior in relation to the toxic substances in his
work environment. The approach of Behavioral Toxicology is based on the fact
the behavior is the integrated outcome of all neural and non-neural activities of
the organism in interaction with environment. Hence, minute analysis of its various
dimensions would serve as sensitive indices to monitor the damage caused by
the occupation related toxic agents on the functioning of the nervous system of
the worker. Although the impact of toxic materials on the nervous system has long
been established, its importance has been recognized very recently. Highlighting
the significance of behavioral analysis is toxicological studies Mello (in Clerk,
1984) contended “The behavior of the Organism is end-point of the functional
integration of the nervous system encompassing sensory, motor and cognitive
aspects. The functional capacity of central nervous system cannot be determined
by histological analysis”.
Unlike previous practice in toxicological researches to record neuro-behavioral
symptoms based on observation or exclusively on individual’s verbal report, the
Behavioral Toxicology. Studies are carried out using reliable and valid
psychological/behavioral tests. Such test batteries are designed to generate
objective data on various relevant cognitive, perceptual, psychomotor functioning
and temperamental aspect of behavior.
Scope of Behavioral Toxicology
Behavioral toxicology aims to provide better preventive measures to safeguard
the health and safety of workers exposed to toxic substances at work place.
Behavioral toxicology researches are directed towards developing reliable and
useful measures for the detection of the onset of sub-clinical behavioral disorders
among workers exposed to toxic substances within or beyond the TLV limits could
be apparently healthy without any clinical symptoms of toxic hazard. Prevalence
of such cases among workers exposed to toxic substances was brought out in a
cross-sectional study carried out by Helena Hanninen (Hanninen, 1971). The
study was conducted on three groups of workers. One group was exposed to
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carbon disulfide to the extent that they had developed clinical symptoms of
poisoning. The second group of exposed workers did not exhibit any clinical
symptom of carbon disulfide poisoning and found to be apparently healthy. Third
group of unexposed workers constituted the control group. A battery of
psychological tests was administered uniformly on all the three groups to assess
learning, memory reaction time, manual dexterity and intelligence. Results
revealed that compared to the control group the behavioral test scores of the
apparently healthy group of exposed workers were significantly closer to the
group that developed definite clinical symptoms.
Early detection of sub-clinical symptoms in psychomotor functioning would be
useful in taking timely measures against deterioration of worker’s health hazard as
well as the possibilities of human error at work leading to personal safety hazards,
accidents or breakdown in work process.
In term of cost benefit analysis, information derived through Behavioral Toxicology
studies would be economical and reliable in comparison to many elaborate biochemical or histological investigations. Such behavioral analysis could also be
useful in detecting the ill effects of newly developed chemicals and other toxic
substances easily and economically.
Behavioral Toxicology studies could help developing acceptable concentration of
toxic substances in the work environment to ensure the well being of the
individual. Actually, it is one of the major objectives of Behavioral Toxicology. It
may be pointed out that in developing MAC values the guiding principle was, to
ensure that the set levels do not cause ‘any deviation from normal state’ in the
individual at work. The inclusion behavioral consideration ‘social acceptance’
aspect in the guiding principle explains MAC values being generally more
conservative. Same principle with more consideration for behavioral dimensions
has been adopted in setting up acceptable work-environment toxic values in
Scandinavian countries.
Behavioral Toxicology studies would make it possible to predict the individual
susceptibility to toxic substances by controlling the confounding factors such as
age, sex, etc. A pioneering work in this direction has been reported by Baker et al,
(1983), and his co-workers in Harvard School of Public Health attempted to
provide a framework for controlling the above mentioned confounding variables to
compare the neurobehavioral test scores of exposed and unexposed group of
individual.
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Behavioral Toxicology studies in India
Behavioral Toxicology being a newly emerging science, very few researches in
the area of Behavioral Toxicology have been conducted in India. Industrial
Toxicology Research Centre at Lucknow has developed a separate Behavioral
Toxicology Laboratory to carryout researches in the area. Industrial Psychology
Division of the Central Labour Institute in Bombay reported to have carried out a
few Behavioral Toxicology studies are available in National Institute of
Occupational Health at Ahmedabad, National Model Centre OHS Tiruchirappalli
was in the process of developing is Behavioral Toxicology Cell to carry out
epidemiological and long-term surveillance programs in the area of toxicological
,epidemiological and long-term surveillance programs in the area of toxicological
hazard in industries. During 1980 and 1981 Industrial Toxicology Research
Centre, Kanpur in India carried out Behavioral Toxicology studies on workers
exposed to Cyanide fumes, solvents like Xylene and Toluene Petrol fumes and
DDT (Clerk 1984). Immediate memory and psychomotor abilities of workers
exposed to cyanide fumes and vapors during electroplating and heat treatment
processes were found to have significantly affected. Among the workers dealing
with Xylene and Toluene in coil insulation and mica section, the memorization
capacity and visual perception/cognitive ability were found to be mostly affected.
Same type of psychological malfunctioning was observed among workers
engaged in spraying DDT and Malathion without using protective masks or gloves
(with a mean exposure duration for 11 years) developed behavioral symptoms of
anxiety, sleep disturbances and depression.
Study carried out at Central Labour Institute (Joseph and Suryanarayana, 1980)
on two groups of workers, one exposed to lead and other a control group, did not
reveal any significant difference in the performance on a behavioral test battery
when compared to a control group of non-exposed workers.
One of the earliest toxicological studies carried out on 1132 workers of
Manganese mines by the Govt. of India appointed ‘Manganese Poisoning Injury
Committee’ reported a wide range of behavioral disorders among workers
preceding the onset of Parkinson’s disease (Rawal 1968). In seventy five percent
of cases un motivational and uncontrolled laughter was a predominant behavioral
symptom. Somnolence followed by initial stage of insomnia, irritability, impotence,
unprovoked weeping were reported among more than 40 percent of workers.
Thirty – one percent of workers showed symptoms of depression. Insanity and
Psychosis were reported for twenty five percent of workers. However, the
subjective report of impairment of memory and intelligence among ten and
fourteen percent workers respectively, were found to be unfounded when
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objective assessment was done by administering standardized psychological
tests.
It may be noted that some Indian studies included data on neurological or
behavioral symptoms along with other biochemical dimensions. But unfortunately
in the final analysis of data, neurological or behavioral symptoms were either
discarded or scant attention was given. For example a study conducted on lead
hazard on printing industry was carried out on 7 exposed and 25 non-exposed
group of workers from 5 medium sized printing presses in Andhra, Tamil nadu and
Kerala (Majumdar 1983). The results on biochemical parameters indicated no
evidence of increased lead absorption although on a rating scale for clinical
symptoms. Exposed group of workers reported signs and symptom attributable to
lead intoxication in comparison to the control group. A statistical analysis of
significance of different Means of experimental and control group could have
thrown much light on the existence of sub clinical symptoms among the exposed
group of workers.
In another study (Mundhade et al 1981) lead toxicity was investigated on a group
of exposed (N= 22) and unexposed (N=5) printing press workers who were
associated with the trade for 15 o 20 years. Two groups of workers belonging to
lead furnace and compositor section differed significantly in RBC hemoglobin
content as well as in behavioral symptoms with the control group. While
describing results authors remarked ‘ a few (behavioral ) symptom can be
correlated to lead toxicity’. Surprisingly, later in the discussion part they
commented various symptoms of toxicity studied in our finding does not specify
directly to the toxicity of lead. Unfortunately, they did not care to substantiate their
latter comment with any objective data.
The above two studies are few among many toxicological studies carried out in
India which overlooked critical behavioral data due to lack of supportive
biochemical evidence or otherwise.
Neuro Behavioral Core Test Battery
In 1983, an International Workshop was held under the auspices world Health
Organization at Cincinnati, Ohio to propose Neuro Behavioral Core Test Battery.
Criteria for selecting the test
A test battery refers to a group of purposeful tests constructed within a theoretical
framework for a regular use. It is generally designed to cover a wide range of
different capabilities in reasonably structured and balanced manner (Hanninen
1983). Considering the purpose and the population to be covered, following
criteria have been formulated for the proposed test battery.
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a. Test should access the functional domains of human nervous system that are
affected by toxic agents and should provide information regarding the extent of
dysfunctional in quantitative terms.
b. They should be sensitive to differentiate workers exposed to toxic substances
from normal population.
c. The tests should be inexpensive so that the cost does not prohibit its usage in
rural areas and unorganized industrial sectors.
d. Tests should be simple, non-threatening and non-stressful to the people to be
tested.
e. Tests could be easily administered, scored and interpreted by a healthy
worker, nurse or persons with similar educational levels with an initial intensive
training for one week.
f. Tests should be suitable for out-of-laboratory field- studies.
Description of the tests
The tests that are described here have been chosen to represent a range of skills
that might be affected by minimal dysfunctional of nervous system of workers
exposed to organic solvents and other neurotoxic substances. All the tests have
been widely used either for neuro-psychological assessment or in the diagnosis of
organic brain damage.
The set of tests comprising Neurobehavioral Test Battery and the functional
domains tested is presented in Table I.
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Table I
Neuro behavioral Test Battery and Functional domains tested.
Tests

Functional Domains Tested

1. Simple Reaction Times

Speed of response

2. a) Digital Symbol Test
b) Trial Making Test (Optional)

Perceptual Motor

3. Santa Ana Dexterity Test

Manual Dexterity

4. Bento Visual Retention Test

Visual Perception/Memory

5. a) Digit Backward/Forward
b) Stroop’s Colour Test (Optional)

Immediate Auditory
Memory Attention

6. Aiming
Motor Steadiness
1. Simple Reaction Time Apparatus
It measures how fast a person reacts to a visual (light) or an auditory (sound)
stimulus. It is a light-weight, portable, battery/main supply operated equipment
commercially available from various companies. In this test the subject
responds o a red light appearing in the stimulus window by pressing the
response button on the machine apparatus as quickly as possible. Due to a
built-in program, the light keeps on appearing or disappearing in a predetermined sequence. The subject’s response speed, range of quickest and
slowest response times, omitted signals and standard deviation. The test
duration is 6 minutes. It is used to investigate acute effects of organic solvents.
(Cherry et al, 1981)
2a. Digit Symbol substitution Test
This test involves substituting symbol for a random series of 90 digits from
0-9. It is a test for speed of working and sensitive to psychomotor slowing
(Lezak, 1983). The test duration is two minutes.
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2b. Trial Making Test
It has two parts. In part A of the test the subject is presented with a sheet
on which are printed 25 small circles, numbered from 1-25, scattered over
the page in an apparently random pattern. Using a pencil the subject has
to connect the circles in numerical order working as quickly as possible. In
part B there are also 25 circles, 13 numbered from 1 to 13 and 12 labeled
from A-L. The subject has to connect the number and letter alternatively, IA, 2-B, 3 c and so forth.
It has been validated on groups of brain damaged and hospitalized controls
(Reitan, 1958). The test duration is five minutes.
3.

Santa Ana Dexterity Test
It consists of wooden base-plate with 48 square depressions. The subject
has to fit pegs having a cylindrical upper part and square base as quickly
as possible. It involves turning each peg 180 degrees. The test duration is
approximately 5 minutes. It has been found to be sensitive to impairment of
memory of workers exposed to organic solvents.

4.

Digit Backward/Forward Test
In this test the subject has to repeat the sequence of numbers read out to
him in the same order as given in the Digit Forward Test or in the reverse
order in the Digit Backward Test. The test duration is approximately 10
minutes. It has been found to be sensitive test for identifying functional
domain deficit of solvent exposed workers.

5.

Stroop’s colour Test
It is a powerful technique for examining susceptibility to distraction for toxic
exposed group of literate subjects. In this test, subject is give a card
containing color names printed with some other color instead of the colour
identical to the colour used avoiding the colour name actually printed. The
test has 3 parts and it takes approximately 10 minutes to complete.
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6.

Pursuit Aiming Test
This test measures the motor steadiness of the hand. The subject’s task is
to place a dot inside a tiny circle following pattern give on a test sheet. It is
to be done as quickly as possible. The test duration is nearly 3 minutes.
Apart from the above tests a semi-structured interview is always included in
neurobehavioral examination in clinical situations. Depending upon the
nature of population to be studied the interview schedule could be
formulated.
The entire test battery along with a semi structured interview schedule
would inquire nearly one to be completed.
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CONCLUSION
At present it is necessary to include some relevant behavioral parameters in conducting
toxicological studies dealing with histological or biochemical investigations. For the
assessment of behavioral dimensions, standardized psychological tests with acceptable
reliability and validity coefficients could be administered. In the absence of experienced
test administrator or trained psychologist could be carried out by administering of
psychological or psychomotor tests any other professional with interest and
perseverance to administer psychological test, after being trained by a qualified
psychologist. At present, necessary expertise and information could be obtained from
Industrial Toxicology Research Centre or from Industrial Psychology Division, Central
Labour Institute, Mumbai. I have been estimated that in last three decades the number of
these chemicals is said to be having some industrial importance. Out of this scanty one
percent, reliable and easily accessible toxicological data are available only for one
percent chemicals. For ten percent of chemicals some information are available, very
little is known about forty percent while for forty-nine percent of chemicals nothing is
known or data are not available. Under this circumstances, one can easily imagine the
cast uncharted area that needs to be explored and efforts required by researches in
Behavioral Toxicology to have a foot hold in the area of toxicology.
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9.2

Psychological aspects and perspective of occupational health
The role of physical stimuli in wok place in causation of occupational diseases has
been established in the preventive health practices. It is unfortunate that the role
of extrinsic psycho-social stimuli is not so clear. In the context of stress at work
psycho-social stimuli originates in a social process within a social structure and
affect the organism through the mediation of perception and experience- the
higher nervous processes- may be suspected under certain circumstances and in
certain individuals, of causing diseases health is not merely an “absence of
disease or infirmity” but also “a state of physical, mental, or social wellbeing” well
being is the dynamic state of mind characterized by reasonable harmony between
a worker’s abilities, needs and expectations and environmental demands and
opportunities.
The effect of psycho-social aspects of work and work environment of workers,
supervisors and managers has been a subject of study by organizational
psychologists and social scientists. Research and applications shows that human
responses or behavior to certain aspects of work and work environment can be
predicted to a great extent. The behavioral outcome could be positive or negative
from individual or organization point of view. With regard to negative outcomes,
management control measures, traditionally taken, have been at the individual
level. Examples are scientific personnel selection, counseling and training.
These traditional approaches can be grouped under the concept and practice of
fitting the man to the job. However, these control measures on their own have not
been very successful for sustaining and promoting the organizational
effectiveness, individual’s health and their work adjustment.
Aspects of work and work environment study:
The variables studies in a job situation to determine their physical and
psychological effect on people are physical working conditions and psycho-social
aspects of work. In the group of physical variables, the most important ones from
health point of view are the toxic substances and their effect on psycho-motor
functions, is being studied. The area of research comes under behavioral
toxicology. Psychological effect of noise, vibration, physical layout is also being
studied.
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Among psycho-social aspects, the variables generally studied are those related to
job stress. These include such as workload, degree of attention, complexity of job,
place of work, degree of control, thoroughness which have a psychological
bearing in the sense that they affect the job satisfaction, general well being and
mental health some aspects of work are more of social in nature, e.g. social
support, communication, social status, co-operation absence of which have been
found to have negative effect on the individual, work group and productivity.
Problem of Integration - theory and practice:
Degrees to which these psycho-social aspects are present depend on how the
work is organized. Organization of work is the management process of integrating
two groups of variables viz. Technological and human. The extent to which these
two sets of variable is congruent; the better would be the outcome in terms of
individual and organizational behavior. The model which explains this approach is
called human resource model which is based on socio-technical system.
Traditional approaches followed for integration are scientific management and
human relation models. The former emphasizes the importance of technological
variables, and the later on human variables, efficiency on the one hand and
moral, togetherness or considerate supervision on the other. A fair number of
studies have shown that certain aspects of work, because of mismatch between
technological demands and human requirements are job stressors and they far
reaching consequences of job dissatisfaction and strain leading to impaired
physical and mental health.
Work Stress
Job with no stress is not a work at all. Very low job demands (boredom) and very
high job demands (work overload create psychological and physical
consequences. However, their effect is moderated or influenced by non work
situations, individual characteristics’ and importantly by work stress moderators.
The model shown below is a summation of the relationship between work stress
factors and the outcome variables resulting into negative consequences in the
form of long term and short term stresses.
Various studies have demonstrated that work overload in combination with lack of
control is associated with poor mental and physical health of workers. Symptoms
of poor mental health are chronic depressions, anxiety, and obsession, sense of
failure and helplessness. With regard to the impairment of physical health it has
been found hat work strain leads to risk of the early development of myocardial
infarction. For instance, a study showed that the reported psycho-social work lead
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during one year was demonstrated to be associated with the elevated risk of
myocardial infarction during 2 years of follow up. It is also hypothesized that work
stress lead to other physical illness like chronic headache, backache, peptic ulcer,
palpitation, etc.
Occupational stress:
Occupational stress refers to any characteristics’ of the job environment which
poses a threat to the individual. In organizations, two types of threat are generally
experienced.
1)

Job demand which the individual may not be able to meet the extent to
which the
person’s skill and abilities match the demands and
requirements of the job.

2)

Insufficient supply to meet the individuals need i.e. The extent to which the
person’s need are supplied/satisfied in the job environment. As indicated, it
has been found that when work load is very high and decision latitude is
low (need for control is not satisfied)
job stress is experienced leading
to impaired health. In this respect, certain occupations have been
stressful. Such identified occupations are air traffic controllers, phnsician,
assembly line workers, policeman and teachers.
Quite often these conditions which lead to threat are stable factors in the
organization. Certain factors in the work situation and in the organization
are momentary conditions, certain events which are perceived as stressful
by the individual concerned. These events entail some changes and there
are built in resistance to change. Such events are:-change in work process,
destruction of social bonds, loss of self esteem and ultimate loss of one’s
job. Such stressful events are performance appraisals, promotion, decision
making, personal matters, ageing and retirement.
Strategies for management of occupational stress
Strategies for managing occupational stress are basically threefold.
1. Personal: An adaptive response to job stress can be made by the person
(stresses/potential stresses), the person’s work organization and by some
person or organization outside the focal organization (say through
counseling).
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2.

Organizational: the primary target of the adaptive response is usually
some aspect of the organization (e.g. psychological, physiological
behavioral) and some aspect of the organization (e.g. structure, job
design, co-worker relations, supervisory styles).

3. Preventive and curative: the adaptive response can be primarily
preventive or curative in nature).

Principles for improving the working environment
Efforts to improve the working environment and to protect and promote the
health and well being of the worker should be based on:
A comprehensive view of man and his environment –i.e., the equal and
integral consideration of physical, mental, social and economic aspects.
An ecological approach-i.e., consideration of the interaction between the
entire environment, physical, chemical, psychological, and of the dynamics of
the complex systems
A cybernetic approach i.e., the continuous monitoring and evaluation of the
physical, mental, social and economic effects on the worker of the working
environment and of change relating to it, so that it is continuously adapted
and reshaped.
A democratic approach i.e., giving the workers the greatest possible influence
over his own situation, as well as direct, efficient channels of communication
to the decision makers.For better management of psycho-social stressors at
work, the following interventions may be considered;
• Increasing the worker’s control of the working arrangement.
• Providing mechanisms for the worker to participate in decision making on
the organization of his work.
• Avoiding imposing monotonous, machine paced and short but frequent
tasks on the worker.
• Optimizing automation.
• Helping the worker to view his specific task in relation to the total product.
• Avoiding quantitative work overload or under load
• Facilitating communication and support systems among workers and
others.
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Composition of a research program me
Research is not an abstraction, it is a tool that can help to provide the answers to
questions about the causes, prevention, and treatment of ill health and human
suffering at work place could be designed for implementation in following manner.
Determination of the type and extent of the problems present-e.g., mental and
psycho-somatic disorder, absenteeism, alcohol abuse, labour turnover,
dissatisfaction, or social unrest.
Assessment of the psycho-social and physical environment co relates of the
various problems, in the work setting and outside it.
Consideration, by community leaders, managers, members of labor unions,
occupational health and safety workers, and other authorities, with the
cooperation of workers.
Concerned, of the environmental influences likely to be greatest casual
importance, whether they are accessible to change, and whether, if changes are
proposed, they will be feasible and acceptable to all concerned.
Introduction of change in the working environment on a small and experimental
scale, the evaluation of the resulting benefits and side effects, and on the basis of
the evaluation, a decision on which of the changes could be introduced on a wider
scale.
Continuous monitoring and evaluation of the effect of the changes introduced on a
wider scale and modification re necessary.
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Overview of training techniques
There are number of training methods available to the trainers to impart training.
These vary in terms of the trainer’s and earner’s involvement in the learning
process and are arranged on a continuous basis that they progressively bring in
more participation and involvement of the learners thereby increasing the
learning. Thus, lecture method which is the least participative in nature occupies
the extreme left end of the continuum and self learning methods appear at the
extreme right end. Other methods like coaching, case study, discussion leading a
role play etc. find place in between these two ends are arranged in the orders of
increasing participation.
The choice of the method depends on the objective of the session i.e., whether it
is imparting of knowledge, development of the skill or changing attitude. The
conceptual inputs are better dealt with by the trainer oriented techniques i.e., the
ones wherein involvement of learner is more e.g., case study, role play,
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discussion leading etc. other factors affecting the choice of the training methods
are the trainers competence and type of the learners i.e., experienced or the new
employees, literate or illiterate and the timings of the session i.e., whether in
morning or in afternoon etc.
A brief guide to various teaching and training methods is given in the annexure.
The most commonly used training techniques in the classroom situation are the
lecture method, case study method and discussion leading.
LECTURE METHOD
Lecture is prepared presentation of knowledge or information to a group of
persons by an expert with a view o enables them to understand or accept the
speaker’s message.
The advantages offered by the lecture method are: 1) Large amount of material can be covered in a relatively short time.
2) A very large number of learners can be handled by one trainer.
3) The contents and the sequence under the complete control.
Disadvantages :1) Lacks group participation, consequently the learning is less and retention is
poor.
2) The trainer has little or no immediate feedback from the learners.
3) The saturation point is reached relatively quickly and the learner’s attention
is easily distracted.
How to make lecture good and effective a god and effective lecture requires
careful preparations and effective presentation.
Preparation:
Preparation involves:
•
•

Planning the lecture
Organizing the subject matter of the lecture.

(a) Planning –
In order to determine the contents of the lecture, the needs of the learning
group have to be analyzed and the exact purpose to be accomplished,
determined. As regards, the need of the learning group, the lecturer has
to know the position, background, level of education, age and experience
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of the participants. He has to take into consideration the nature of their
present job, their present knowledge, what further they need to know and
what is their present degree of interest and attitude to learning.
This will help determine precisely the content, coverage, language and
approach for the target group. The speaker should be clear as regards the
purpose of the talk. The purpose defines the end result of the talk i.e.,
what a trainee should do or understand as a result of the talk. In arriving
at the exact purpose, consideration has to be given to the subject-its
relevance, emphasis, scope and limits.
Once the subject matter of the talk has been decided, a few basic
headings under which the subject is to be dealt with are determined.
(b) Organizing the subject matter of the lecture:
The content is then to be arranged in a proper and logical sequence so
that each idea follows naturally from the proceeding ones. The content of
lecture should consist of-‐
-‐
-‐

An introduction
The body
The conclusion

The value of the subject to learner’s interest and its value to them in
practical terms have to be emphasized in introduction part of the lecture.
Use may be made of illustrations, analogy, personal experience or
quotations for this purpose. The learner’s are also informed as to how the
lecturer is going to unfold and cover different aspects of the subject.
The detailed presentation of the main idea constitutes the body of the
lecture. The typical methods of organizing the main ideas are:1) Importance- what, must, should, and could be told.
2) Time- sequence or chronological order (past ,present, future plan)
3) Space- starting at one point and continuing logically from that point to
the location, what is wrong, why, who to blame, what harm, and how
to correct.
4) Known to unknown, particular to general.
5) Easy to difficult.
6) Cause to effect- as discussing a plan or process and then showing its
effect on the future.
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7) Problem solution- first developing the problem situation and then
developing points that show a solution or course of action.
Use of relevant examples, comparisons, statistics, data question, etc. is to
be made while presenting the idea so as to make the lecture interesting
and effective. The example and statistical data used should be concrete.
Visual aids may also be used for the development and for keeping the
interest.
Presentation
Good speaking id natural, conversations, direct and enthusiastic with
sufficient voice projections and emphasis to be heard and with a constant
awareness and concern for listeners, acceptance and understanding. One
should therefore avoid being oratorical, dramatic, adopting domineering
mannerisms and clever tricks etc., playing with small articles, fixing tie,
pacing backward and forward etc. are distractions and as such to be
avoided. One has to take care to communicate with everyone by giving
attention through frequent glancing around and establishing eye contact
with all. Effective speaking requires use of voice modulations to avoid
monotony and generate interest, use of pauses and emphasizing the key
words and phrases. Use of numerous examples helps to break the
monotony. However, they should have relevance to the subject and to be
used at proper time. To check, understanding of the audience, they
should be encouraged to ask questions. Finally, it is to be ensured that
the conclusion must tie with the openings thought and it should clearly
specify what is desired to be done. The closing of the lecture should not
be weak, inconclusive or apologetic as it will mark complete session.
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MENTAL HEALTH
Good mental health is basic of the satisfaction of the fundamental human needs,
the prevention of mentally unhygienic aspects of the life and the foresting of
power human intellectual and socio-economic development; yet it remains an illdefend, vague notion. However, the psychological needs of individuals and the
importance of human ecology for effective human functioning are well known, and
this knowledge may be applied in order to enable a state of satisfactory mental
health to be achieved.
Mental health is an fact more than the absence of mental disease. It is the state of
total psychological and social well-being of an individual in a given social cultural
environment. Since human behavior must be evaluated in relation to its cultural
background if any valid conclusions are to be drawn, mental health (or mental
illness) cannot be defined in a vacuum. Its relevance and goals must be
considered in relation to a given cultures or cultures within which individuals
function and interact.
Mental health today covers a vast field. If we limit ourselves to a consideration of
the main features as they affect the working populations, we may define the
essential quality of mental health as the capacity of the individuals to adapt the
working environment. But this environment is characterized by its predisposition to
change. Even if the two main source of problems of adaption in industry – the
introduction of automation and the increasing number of order workers are left
aside, it is evident that the relentless meth loads Of course, there are always
some workers who perform monotonous and repetitive jobs and these people are
subjected to other forms mental stress; but the most widespread threat to the
mental health of workers in industrialized countries is represented threat to the
mental health of workers in industrialized countries is represented by lack of
security and the fear of being unable to face up to the responsibilities.
In developing countries undergoing industrialization, the rapid social, economic
and psychological changes most commonly shown by people endeavoring to
adapt to the changes and stress arising from sudden socio-economic upheavals
have been particularly evident. Such are the consequences of rapid development,
of now social orientations, norms and habit, and of transition from one kind of
community to another and from the straight forward simplicity of rural
surroundings to a more highly organized sometimes be in complex system of life
(e.g. urban industry). In these countries mental health may be safeguarded by
minimizing transitional stress, rendering less harmful and less traumatic the
impact of social change and industrialization, and leading people to accept new
standards and new norms –social economic, political in the different phase of
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transition from the tribal and traditional family patterns to modern urban and
industrial life.
Social and economic factors in mental health:
It is now accepted that there are measurable relationships between socioeconomic factors and the mental health of individuals. Although social and
economic changes per se, however revolutionary or reactionary, do not
necessarily lead to an increase in mental ill-health, it is clear that every form of
social balance is precarious.
In some Nigerian communities, the determining factor which provoked adverse
reaction in individuals was not change per se but the violent impact of change, in
so far as it caused disorganization with the community and, more especially,
within the family group. This socio-cultural disorganization was characterized by a
breakdown of effective communication, economic pressure, impaired human
relations, insecurity, confusion of social roles, problems of identification, etc. and
led to a high prevalence of psycho-neurotic reactions and psychosomatic
disorders, alcoholism, drug addiction, crime and delinquency. The lower
prevalence of mental disorder or mental health impairment was associated with
an environment in which the traditional social and cultural system taken place in
such a manner as to permit, through the process of social symbiosis, the
replacement of certain traditional patters by now, equally stable and functionally
meaningful forms.
Mental health in industry:
In a large sample of factory workers, the rates of high morbidity, absenteeism,
accident-proneness, lack of adaption and non-social behavior were highest
among the group of individuals who had severe emotional conflicts at work and
who had never had the benefit of vocational guidance, aptitude tests, suitable
technical training and education. A high proportion (70%) was psychology illequipped. On the other hand, chronic inefficiency, accident-proneness,
maladjustment at work and other neurotic reactions in work situations could
equally work arise from overt family and domestic conflicts. Therefore, the
application of mental health principles and good human relatives in industry are a
recognized factor of social behavior, proper adaption, stability and efficiency at
work. Occupational medical services cannot afford to ignore or give low priority to
the social, psychological, educational and welfare needs of individual workers and
their families. The works doctors may contribute to the maintenance of mental
health of he does not confine him to examining personal relationship with every
worker, enabling him to follow any deviation from mental health. The works
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doctors should properly investigate the casual factors of any such deviation and,
whenever the cause lies sin the working environment, try to remove it whilst still
keeping the man at work. Where serious mental health problems exist it should
seek the collaboration of a psychiatrist, i.e. a specialist in the field of mental
health, to ensure proper detection and early treatment of cases and proper readaption of the mentally handicapped to work. In addition, the works doctor
should collaborate closely with all the services in the undertaking having a bearing
on human relations and workers’ welfare. Very good mental health standards, as
exemplified by effective leadership roles, happiness at work, integration with other
groups, strong motivation to succeed, good records and demonstrable capacity to
learn and train, acceptance of responsibility, capacity to take initiative and a low
score on the mental morbidity scale, are encountered among workers who have
strong affinities with other social groups and who observed well-defined social
roles and relationships. Therefore, unions and management can play a very
important role in mental health and adjustment to work. And work itself and
occupation are to be considered a powerful means of psycho-physical and social
balance.

ORGANISING SERVICES FOR PSYCHO-SOCIAL WELL-BEING
INTRODUCTION
Concept of health encompasses physical as well as psycho-social well being of
individuals. The endeavor of occupational health service is to operationalize this
concept in the field of work. It requires expertise of professionals from the various
fields to take responsibility for physical as well as psycho-social well being of
working population to work in an integrated manner to promote health. While
occupational physician, industrial hygienist, agronomist, occupational health
nurse, biochemist, pathologist, health educator, etc. are to concentrate on the
physical component of health, the major concern of the social or behavior science
professionals like psycho-social well-being of the people at the place of work. In
spite of the fact that these two major groups of professionals dealing with physical
and psycho-social components of health adapt different methodologies and
approaches, they are complementary to each other in achieving the objectives of
occupational health. Time and again it has found that research or service
activities of occupational health calls for an interdisciplinary approach combining
the efforts to multi-disciplinary team of professionals rather than the
unprofessional approach to occupational health.
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PSYCHO-SOCIAL WELL-BEING AND PSYCHO-SOCIAL FACTORS
The concepts of psycho-social factors and psycho-social well being are really
complex and difficult to grasp. This is because of the fact that these concepts
cannot the continent as well as to outcome of individuals perceptions and
experiences regarding many interacting aspects and factors thereof. These
interacting aspects include physical, technological, interpersonal and
organizational factors of the work environment, capabilities, skills, needs,
demographic factors of the individual at work, and the political, economic
condition etc. of the society at large.
It would be easier to comprehend the vastness and complexity of the concept of
psycho-social factors at work if we consider its two important interfaces. First is
the human interface comprising of needs, abilities, expectations, cultural
backgrounds, values, past experience, etc. of the individual. The second one is
the work environment interface consisting of the thermal, chemical or other
hazardous physical conditions, technology and the pace or possibly of its change,
nature of work, management practices, job safety status, interpersonal
relationships, leadership, organizations viability etc. the nature of interactions
taking place between and reflected on the status of health, work performance and
job satisfaction of the individual. Psycho-social factors at work place are those
individual and work related factors interacting with each other to give rise to
individual perceptions and experiences which are either conducive to attain and
promote psycho-social well being or detrimental to it. In this context, the psychosocial well being may be defined as a state in which individual’s perceptions and
experience related to his occupational and personal life are acceptable and
enjoyable for him.
The purpose of this paper is to draw an outline for developing psycho- social
services within the infrastructure of plant Occupational Health Center (POHC), or
plant Medical Center (PMC).
NEED FOR CONVICTION
In developing psycho-social services to promote health of working population,
more than anything else, a strong conviction on the part of the occupational health
planer regarding the utility of such services in a POHC/PMC is essential. Health
planner can develop such conviction through is exposure to the rich array of
research literature including ILO/WHO monographs/studies specially on the work
related stress factors and health. The importance of psycho-social factors in the
field or occupational health could be appreciated by taking note of the years of
concentrated efforts of a joint ILO/WHO Committee to identify and control adverse
psycho-social factors at work affecting health of employees.
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There are many professional bodies of employers or both (e.g European
Foundation for Economic Co-operation, Dublin, National Labour Institute, Delhi,
Ahmadabad Textile Industries Research Association, Ahmadabad etc,) and
various research/ service institutions in India(Center Labour Institute, Mumbai, Sri
Ram Center for Industrial Relations etc.) and identify and control psycho-social.
Factors which detrimental to the health of the employees.
NEED ASSESSMENT
An occupational health planner with firm conviction about the need for organizing
psycho-social services for maintenance and promotion of employee’s health has
to assess the nature and extent of the need for such services. Such assessment
would be useful in deciding upon the specific fields of behavioral/social sciences
from which professionals (e.g. psychologist or social worker) to be inducted and
the number of such professional for the POHS/PMC. Occupational health planner
may make a systematic assessment of the nature of jobs (e.g. routine assembly
line jobs vs jobs allowing variety, etc.) level of employee absenteeism, employee
turnover, demographic characteristics of employee (sex, rural-urban background.
socio-lingual background etc.), exposure to neurotoxic substance in work
environment, morbidity and mortality data etc. to identify the needs for psychosocial services in the population. It is also necessary to ascertain the existing
psycho-social services rendered by other departments in the organisation, e.g.
personal, welfare, safety or training department. An occupational health planner
may even be higher than the expertise of a consultant to obtain a feasibility report
for identification of specific psycho-social need areas.
MANPOWER REQUIREMENT
If the health planner finds that the problems are not alarming enough to pursue
the management for recruitment of professional in the psycho-social area it would
be prudent initiate some routine measure for maintaining psycho-social well-being
or individuals, e.g.. mental health monitoring, hypertension control through
behavior modification, behavioral toxicology monitoring, executive stress
management program, family life education
Programs, etc. Such services could be rendered by hiring the services of an
external agency. However, by giving appropriate training input , some of the
programs could be carried out by the existing POHC/PMC staff. Such
arrangements might be found effective for a POHC/PMC covering less than 1,500
employees.
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POHC/PMC covering more than 1,500 employees might find it beneficial to
employ or one or more professional from the behavioral or social sciences are to
plan and implement activities to promote psycho-social well –being. A rule of the
thumb estimate of the ratio between employee and psycho-social professionals
could be as follows:
1. Up to 3000 employees or less :

One social worker for every 1500
Employee.

2. Above 3000 up to 5000 employee

a) One occupational psychologist for
4000 Or less employees.
b) 2 social workers for every 2000
Employees or less.

3. Above 5000 up to 9000 employee

4. Above 9000 employee

- as above -

a) One occupational psychologist for
4000 or less employees.
b) 1 social workers for 2500 employees
or less.

Apart from identifying the need for psycho-social services and deciding about the
number of manpower required, the occupational health planner has to see that
such professionals can function in a self assured, autonomous as well as
collaborative way to attain the objectives of occupational health services. In the
organizational context, this could be attained if such professional are given
position at the executive level since they have to carry out both line and function.
In some industries/organizations, the nature of work demand staff function to
large extent.
NATURE AND LEVEL OF EXPERTISE
Minimum educational level for requirement of social worker of psychologist would
be post – graduation. It is desirable that the job incumbent process previous job
experience in development and implementing employee assistance program,
training programs, etc.
In both the disciplines, of psychology and social work there are various
specialization. Care is needed to taken so that the specialization areas
commensurate with the needs of psycho-social services required for the
organization.
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A social worker with specialization in medical and psychiatric work or Family and
Child Welfare would be useful for carrying out services in the area of psychosocial well-being. However, in an organization where there are very few woman
employees and

Community health service program are already exiting the expertise of social
worker with Family and Child Welfare remains generally unutilized.
Identification of the organization’s requirement in the area of psycho-social wellbeing, various demographic factors are needed to be analyzed before opting for
one specialization rather than another. Nevertheless, a social worker with or
without any specialization may be trained in a particular area according to the
need of the organization. In such cases provision of additional of training need
could be taken care of by the health planner.
In appointing a psychologist, the suitable specialization area for rendering
services in the psycho-social area would be Industrial/Occupational psychology or
Clinical/Abnormal psychology, Industrial or Occupational psychologist skill and
knowledge could be best utilized in the areas of activities such as peremployment psychological assessment (skills, aptitudes, mental health status,
etc;) employees potential assessment carrier guideline/counselling, employee
placement or rehabilitation program, accident prevention, survey of job
satisfaction, shift work, fatigue, work related stress diagnosis, absenteeism,
control program, improving organization climate, motivation. morale, interpersonal
relation to his job and organization and emphasis is given to help the person to
relate his potentialities to the nature of his as well as the organizational
environment in an optimal manner to enhance his growth.
In certain cases a clinical psychologist would be the right person if the
POHC/PMC intends to initiate behavioral toxicology monitoring program or
exclusively individual or group psychotherapy/counseling programs for the
employees and their families.
A clinical psychologist is specialized in the use of the psychological tests for
clinical diagnostic purpose and in various therapeutic techniques to help people
with behavioral disorders and for concurrent or post-psychiatric
counseling/therapy.
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SEX OF THE PROFFESIONAL
Sex of the professional does not make any differences as for as expertise or
acceptance of professional is concerned. However, there are other considerations
which raise the issue of sex in the appointment of a professional.
There are certain organizations where the workplace is by law of the
conventionally restricted to a particular sex (e.g. mines in India, industries or
organizations run exclusively by women). Health planers have to consider this
accept thoroughly in appointing a professional since she has to visit and work
closely at various sites for observation, evaluation and control of psycho-social
factors to promote well-being.
MATERAL REQUIRMENT
Apart from the space and related factors facilities for conducting various
consultations, training, therapeutic and/or counseling for individuals as well as
small or large group of employees, some material facilities would be required.
A psychiatric social worker, specially a clinical psychologist would various clinical
tests to carry out the work. For behavior therapy some therapeutic instrument of
facilities may be required.
For initiating psychological testing services (growth centers) for executives, career
guidance, pre-placement occupational testing, behavioral toxicology monitoring,
stress management program etc. a well equipped occupational psychology unit is
required to be set up. Presently, computer software for computer psychological
tests are also available and availability of computer facilities for this and for data
storage or analysis purposes would be a boon. Aninvestment of minimum of 40 to
50 thousand rupees would be required to establish a psychology laboratory with a
few tests and instruments.
NEED FOR BRAODER PROSPECTIVE
Once the need areas for rendering psycho-social services are ascertained and
professionals like psychologist and social workers are appointed, various
organization-specific need based innovative programs could be developed and
implemented by those professional with necessary organizational support. Both
the professionals and health planners need to have a broader perspective to
make such programs more effective and accepted by people. To appreciate
services may be cited.
It has been observed, to anybody who is inclined to develop a psycho-social
service program within the infrastructure of POHC/PMC, the first idea that flashes
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as a reflex action is developing counseling service. It is considered that three
might be one or more psychologist or social worker who will be counseling
employee needing help in emotional maladjustment, life or job dissatisfaction
controlling the habit of drinking, smoking or absenting from work etc. It is expected
that employees will be eager and very happy to avail such a service.
Of course such a service is very much required but the question is, how to render
such a service. Due to interplay of various factors employees may have
reservations towards utilizing it. As a result counseling service may remain underutilized. It may be very much shocking and frustrating for the health planer as well
as professionals. The purpose of counselling service may not be restricted to
rendering service as such but also to create a need for utilizing such service
among employees.
It would be more purposeful if the objectives of counselling service are to identify
and create facilities for counselling services not only within the organization but
also in the community outside the organization. Mass employee awareness
program could be undertaken to make employee understand in simple terms,
various positive and aspects of mental health status as well as sources at the
community level where from they could seek help, if required.
Another facet of counselling program could be imparting training to the foreman,
the supervisor and the executive on skills of employee counselling. Many ways
such a training input would be beneficial. First of all, it would help early
identification of employees needing help. Secondly, in many cases where
immediate help in the form of ‘emotional’ first aid’ is required could be rendered by
non-professionals like supervisors and executives. Thirdly, preceding two
processes would help prompt referral of those employees needing professional
help to the in-house counselling center.
CONCULUSION
Occupational Health Planners are increasingly becoming aware of the interplay of
psycho-social factors in the maintenance and promotion of health of working
population.
In the foregoing section specific measures have been suggested and issues have
been raised in order to facilitate occupational health planner to organize in a
systematic manner to take care of psycho-social well being of the employee.
Adopting a broader4 perspective in organizing programs to promote psycho-social
well-being and by giving autonomy to the professional, the occupational health
planner may create a positive interdisciplinary approach to preserve and promote
occupational health at the place of work
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9.3

Stress and Preventive Management
It is not unusual to come across people expressing their desire to lead a life
without stress. It is of course a very fond desire of many. However, to harbor such
a desire and to fantasize to live such life, may make life more dissatisfying than
what it really is presently. In fact, to aspire for a life without stress is to deny life
itself. Scientifically speaking, never in our life does the stress level go down to
zero. It is only during death that a person can reach the zero level of stress (Levi,
1981). Actually, stress is not always bad. To lead a healthy, meaningful, self
fulfilling life, we do need some amount of stress which, of course, should neither
be too less nor too much but just right: the ‘Optimal’. We are to accept stress as a
part of life and try to derive the best out of it.
From birth onwards we continue to live amidst the stimulus world of the
environment. At each and every nanosecond of our existence some or other
demand of varying types or magnitudes are being made on us by the environment
we live in. these demands are encountered by us through our adaption responses
of three levels, namely physiological, physiological and behavioral. Physiological
level adaption responses are biologically acquired, such as the body’s
homeostatic and reflex responses. However, physiological and behavioral
adaption responses are not biologically acquired but learnt from childhood
onwards through socialization process. Thus, in response to the demands of the
environment whatever we think, feel, imagine or decide are our physiological
adaption responses and the things we ‘do’ or the way we ‘act’ are behavioral in
nature. Out adaption responses at all three levels get activated whenever, for
example, we are exposed to heat, cold, dust, noise, praised or defamed by
people, unable to catch a flight, successful in winning a game, asked to give a
speech on a topic we know little, etc.
These three types of adaption responses are also known as human stress
responses at physiological, physiological and behavioral level.

Types of Stressors:
Environmental demands or stressors may
environmental and physiological stressors.

be

categorized

as

external
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External physical environmental stressors include heat, cold, noise, temperature,
vibration and motion, radiation, chemical and toxic substances, pollutants in the
air and water, varying intensities of light, climatic conditions, natural calamities
etc.
Psycho-social environmental stressors comprise of nature of interpersonal
relationship (with spouse, acquaintances, co-workers, superiors and subordinates
etc.) level of trust among family/organizational members, feeling of safety,
income, financial requirements, social, economic and political climate of the
organization, neighborhood or the country, significant event like getting promoted
or demoted, death of a relative or friend, birth of a child, etc.
From the respective of occupational health, stressors can be classified as workenvironment and non-work environment stressors or non-occupational stressors.
Nevertheless, in each of these stressor areas external physical environmental as
well as psycho-social stressor forces would be existing.
Following is the list of some non-occupational or non-work environmental
stressors

TABLE – 1: Non-Occupational Stressors.
Physical Environment:
v
v
v
v
v
v
v
v
v

Ecology or residential area
Pollution
Ventilation
Illumination
Public utilities (markets, schools, hospitals, parks, transport etc.)
Living space
Lay-out of rooms.
Susceptibility of natural calamities.
Population density.

Psycho-social:
v
v
v
v

Interpersonal relationship (spouse, in-laws, neighbours, relatives)
Health status of family members
Financial needs
Social status
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v
v
v
v

Role expectation & conflict among family members
Significant incidents (marriage, birth, death, imprisonment, buying land, etc)
Neighbourhood (criminal, peaceful)
Social- political climate

Research in the area of stress has identified various work environment stressors.
Occupational stress originates in occupational demands made upon and
experienced by the individual. Mismanaged and uncontrolled occupational
demand is costly in terms of low quantity and quality of production, higher rate of
absenteeism and medical cost, low profitability, job dissatisfaction among
employed, etc. in contrast, expertly managed occupational stressors enhance
productivity, reduce medical cost, lower absenteeism and improve level of job
satisfaction. Some of the various occupational stressors significantly affecting the
individual are presented below (Table 2).

TABLE – 2: Occupational Stressors:
Physical Work Environment:
v
v
v
v
v
v
v
v
v

Thermal
Acoustic
Vibration and motion
Illumination
Toxic substance/chemicals
Engineering safety measures
Work station design
Ergonomic design of tools/machine
Residence-place of work commuting distance.

Psycho-social:
A. Task Demands:
v
v
v
v
v
v
v

Low motivating potential of the job
Work under load
Poor feed back
Low autonomy
Routine work
Frequent job change
Time pressure
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v
v
v
v

Poor carrier growth
New technology
Improper performance appraisal
Working hours

B. Role demands:
v Role ambiguity
v Role conflict
C. Interpersonal Demands:
v
v
v
v
v

Relationship with co-workers, superiors, subordinates
Level of trust
Management style
Group pressure
Poor upward, downward and lateral communication.
Eustress and Distress:
Irrespective of the nature of stressor, occupational or non-occupational,
physical or psycho-social our adaption responses get geared up with or
without our being aware of it at three levels, namely, physiological and
behavioural at every moment of our exposure to stressors. Whenever our
adaption responses or coping mechanism are successful in dealing with such
demands positive physical and psychological well being is experienced. Hans
Seyle, the eminent Canadian Endocrinologist and stress researcher termed
such positive outcome as EUSTRESS. Conversely, there are stressors which
are too strong or to insignificant to deal with, such a situation of too little or too
much of environmental demands lead to negative consequences termed as
DISTRESS by Hans Seyle. When the news of promotion makes an executive
feel happy, jubilant, gratified and energized, his adaption responses lead to
EUSTRESS. Conversely, the nest of promotion may make another executive
feel scared and panicky of the responsibilities he will have to shoulder and
thereby his adaption responses would draft towards DISTRESS.
Eustress (derived from the Greek work ‘Eu’ meaning good) refers to stress
responses that result in positive outcome. Experiences of eustress lead to
growth, creativity, adaptability, high performance and absence of maladies
both at individual and organization level.
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Distress connotes the unhealthy negative and destructive outcome of stress
responses which are disruptive and debilitating both at the individual as well
as organizational level (Table – 3).

TABLE – 3
Distress Symptoms at individual as well as organizational level
Individual level:
Physical:
v Hypertension
v Cardiac (Heart) Diseases
v Backache
v Arthritis
v Headache
v Allergies
v Ulcer
v Diabetes Mellitus
v Skin Diseases
v Liver Cirrhosis
v Impotency
v Insomnia
Psychological:
v Depression
v Alienation
v Anger
v Suspiciousness
v Irritability
v Frequent mood change
v Lack of self confidence
v Neuroticism
v Psychiatric disorder
v Irrational thoughts
v Lack of concentration
v Loss of memory
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Behavioural:
v Increased smoking
v Alcohol abuse
v Drug abuse
v Unsafe behavior pattern unsafe act
v Tendency to commit suicide
v Violence
v Aggression
v Restlessness
v Avoiding people
v Avoiding responsibility
v Indifference
v Speech disturbance
v Absenting from work
v Clumsiness
v Lowered quality and quantity of production/performance
v Low teamwork
v Low motivation
v Lack of trust
v Faulty decision making
v Increased rate of absenteeism
v Increased turnover of employees
v Work to rule
v Hike in accident rate
v Strikes
v Increased compensation awards
v Grievances
v Machine breakdowns
v Increased medical cost
Individual Differences in Stress Responses
One of the bewildering phenomena in the study of human stress is the individual
differences in adaption responses and its consequences even in the case of
identical stressors. Working under an autocratic boss one may develop hypertension
and lack of self confidence while the other may develop peptic ulcer and severe
depression. Researchers believe that there is an array of individual modifiers
responsible for such diversity among individuals in adaption responses and
consequences. Two categories of modifiers namely, internal conditioning factors
(e.g. an individual past experience, social learning, age, attitudes, beliefs, needs
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personality pattern including Type A behavior, introversion, extroversion, etc.) and
external conditioning factors (e.g. an individual’s diet, climate, drug-taking behavior,
social setting, etc.) have been identified (Selye 1976). Since the aforesaid external
conditioning factors ultimately result in social learning, habit and socialization
process, both external and internal conditioning factors could be clubbed together
and termed as individual modifiers of the adaption responses and its consequences.
Objective of Preventive Management
Preventive management is the strategy of intervention both at individual and
organization level for promoting physical and psychological well-being through
prevention of individual and organizational distress. It has a three tier objective. At
the primary level it aims at reducing or eliminating unreasonable and unnecessary
demands.
At the secondary level efforts are directed towards efficiently managing the optimal
demand to achieve eustress. At the tertiary level measures are taken to deal with
situation.
Occupational Level Preventive Management
In the work or occupational environment, four major areas requiring preventive
management intervention are physical, task-related, role-related and inter-personal
demands.
Physical Demands:
Industrial hygiene survey, safety survey, ergonomic survey, job description survey
are generally conducted for identification of physical work environment stressors
capable of producing distress. Interventions are carried out to eliminate or modify
those stressors for optimal level of human functioning.
At the secondary level intervention is directed towards maintaining the permissible
limits of exposures of various work-environment parameters, rendering training in
safety, health, use of safety gadgets, posture control in lifting etc.
Tertiary level management calls for taking care for the damages already caused.
Readiness for disaster control, taking rehabilitation measures or formulating
rehabilitation policies for disabled, unfit personnel, disability compensation,
rendering medical and related welfare services etc. from the preventive
management of physical environmental stressors at tertiary level.
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Task demand
Job diagnostic survey, PAQ surveys are the standardized procedures for
identification of task related factors which lead to distress symptoms, job redesigning
is the next step in converting the negative consequences of task demands to optimal
for higher productivity, profitability and employee well-being.
Role Demand
Role diagnostic survey through role pics projective test Organizational Role Scale
(ORS) is done for identification of role related stressors. Through organizational
development (OD) intervention roles could be redefined to achieve eustress in the
form of low medical expenditure, higher performance creativity and low
absenteeism.
Interpersonal Demand
Organizational climate survey provides empirical data on the nature of interpersonal
demands. In the light of this secondary level appropriate preventive strategy through
Management by Objective (MBD) : Team Development, participative Management
or some other OD strategy could be developed to create a level of interpersonal
demand leading towards eustress. In many organizations Transactional Analysis
coupled with various other behavioural training inputs and OD interventions are
utilized for reducing the dysfunctional aspects of interpersonal relationship.
In all the above areas the tertiary level of preventive management requirements are :
v
v
v
v
v
v

Developing or availing comprehensive occupational health services with
emphasis on stress management.
Developing network of counseling services in the community.
Developing OD cell.
Psychiatric services with facilities for detoxification therapy.
Conducting training program on dealing with anger and depression.
Conducting stress management program.

Individual Level Preventive Management
Anyone at any point of their life can undertake one’s own action-plan for preventive
management. Depending upon the nature and intensity of the problem, preventive
intervention may be made at primary, secondary or tertiary level. In the following
table, some of the preventive management are presented (Table – 4).
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Table 4
Individual Level Preventive Management Techniques.

I

PRIMARY PREVENTION : STRESS OR DIRECTED

Personal Perception Related :
v Identification of negative thoughts recurring often.
v Invalidating negative thoughts by searching out life experiences contradicting
them.
v Superimposing negative thoughts with positive thoughts.
v Identifying one’s strengths/capabilities.
v Believing in those strengths to energize self.
v Accepting uncertainty/crisis as challenging part of human life.
v Asking question to gather information in clarifying uncertainty/crisis.
v Believing that every solution/opportunity is preceded by crisis.
v Working out negative at well as positive aspects of any crisis.
v Avoiding brooding over crisis like a stick-in-the-mud.
v Start developing action plan to deal with crisis.
v Sharing the experience and action plan with few others.
v Avoiding being always directed by the imagination of what others will think
and feel.
v Being sincere and honest to one-self in doing anything.
v Avoiding getting crippled by the feeling of guilt.
v Deciding not to repeat the activity that might cause guilt.
v Avoiding doing two or more things at a time.
v Accepting that nobody is cent-percent perfect or imperfect, including yourself.
Personal Work Related:
v
v
v
v
v

Time management
Delegation with authority
Planning based on objectives and available resources.
Developing a relationship of trust and care with others.
Attending personal growth/stress management related training program.
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Life Style Management :
v
v
v
v
v
v
v

II

Maintaining a balance between working and home life.
Relating to people stepping out of barrier of status.
Developing interest in many aspects of life.
Holidaying frequently with all family members.
Keeping aside at least half an hour exclusively for oneself for reflection, etc.
Pursuing some higher values of life.
Personal growth and stress management.

SECONDARY PREVENTION: RESPONSE DIRECTED

Relaxation Training:
v
v
v
v
v
v
v

Deep muscular relaxation
Meditation
Autogenic training
Imaginary
Bio-feedback
Deep breathing exercises
Yogaa-nidra form of relaxation

Physical Work-out:
v
v
v
v
v
v
v

Aerobic exercises
Outdoor games
Jogging
Brisk walking
Swimming
Cycling
Boating
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Emotional Work-out:
v Anger :
Avoid bottling up anger. In expressing anger start the sentence with ‘I’ rather than
‘You’. Describe that you feel. Describe what you see. Describe what needs to be
done. Don’t attack the person but the act.

v Depression :
Invalidate, negative, self-demeaning thought, gather faith in one’s own
capabilities. Translate negative thoughts into positive ones. Talk to people.
General :
Writing out, reflecting, talking out the feelings, empathizing with other, attending
personal growth/stress management training programs.

III

TERTIARY PREVENTION: SYMPTOMS DIRECTED

v Medical Care

:

Medication
Surgery
Physiotherapy
Naturopathy

v Counseling and Psychotherapy
v Group therapy
v Behavior therapy

In the Chinese language, the English word ‘Stress’ is expressed by two symbols,
one meaning ‘Danger’ and the other ‘opportunity’. The crux of the principle of
stress management, both at the individual and occupational level lies in these two
words which invite us to search out for opportunities in a dangerous, crisis-ridden,
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stressful situation so that danger could be transformed into opportunities. In fact,
in our life most of the achievement preceded is crisis period of danger. Many
times we are so much overwhelmed or threatened by the dangerousness of the
situation that we fail to think, plan and act for a positive outcome. The
management of stress calls for inculcating an attitude of CHALLENGE to
transform life’s eventualities to one’s advantage with the COMMITMENT to attain
certain values or goals of life, and the belief that one has the ability to CONTROL
in diffusing threatening stressful events. Thus, with the attitudes of challenge,
commitment and control, it is important both at organizational and individual level
to develop preventive stress management strategies for a purposeful, productive
and total well-being.

230	
  
	
  

Section - B
INDUSTRIAL SAFETY
Chapter - 10 : INTRODUCTION TO INDUSTRIAL SAFETY
Industrialization has brought within its wake several problems. One such is industrial
accidents. With rapid advances in technology, industrial processes, newer types of
dangers to life, limb and health are being increasingly introduced. Sometimes it leads to
a great threat to the local community and even damages the environment. Mechanical,
electrical, chemical and radiation hazards beset us on all sides. Yearly, several lakhs of
employees are injured in factories due to accidents and several lakhs are affected due to
exposure to major accident hazards.
These accidents and devastating effect of major accident hazards represent a social loss
of great magnitude in the form of pain, loss of earning capacity and cost due to
disturbance to economic efficiency. The suffering of the injured as well as the emotional
loss to the victims of the fatalities and accidents causing permanent disfigurement or
disabilities is impossible to be summed up or evaluated. The economic costs are more
tangible of being computed. To the management, it is the direct cost for meeting medical
expenses, compensation or disablement benefits to the injured or their families and also
the various other indirect costs due to the interference caused by accidents. To the
society, the economic cost of the accident is borne for the injured and his family through
social security schemes or through public or private charities.
The Government has given the legislative support for maintaining adequate standard of
safety, health and welfare at workplace. The provisions of the Factories Act, 1948
ensures the safety, health and welfare of workers employed in any industry registered as
factories under the Factories Act, 1948. Under the Factories Act, the State have framed
their rules for the cause of safety, health and welfare of the workers. Both the Factories
Act, 1948 and the State Factories Rules framed thereunder are enforced by the
respective state governments. The provisions under the Factories Act, 1948 and the
State Factories Rules, prescribe the bare minimum standards and every aspect of safety
and health of worker, plant and machinery may not be covered under statutory provision.
The primary responsibility for maintaining occupational safety and health lies with those,
who work with them. The management and workers have to play a major role in
promotion of safety and good health in industry. We have to rely more on personal
responsibility and voluntary self generating efforts than too much reliance on State
regulations. It calls for a better safety organisation for more management initiative and
more involvement of work people themselves.
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Safety systems:
Safety depends primarily on the overall management system. The personnel who mainly
influence safety are the line managers rather than the safety specialists. At managerial
and at other levels safety is everyone’s responsibility.
Within the management system there should exist a specific safety organisation and
safety personnel. The senior management should give appropriate priority to safety and
loss prevention. It is equally important that this attitude be persued by junior
management and by the workforce. Safety publicity as such is often a relatively
ineffective means of achieving the objective of safety awareness amongst the workforce.
The senior management should, therefore, encourage the professionalism in this area
by assigning this work to capable people, giving them appropriate objectives and
resources and creating proper systems of work.
Safety Organisation:
One of the important functions of safety management system is safety organisation.
Section 40-B of the Factories Act, 1948 also requires that every factory wherein 1000 or
more workers or such number as may be prescribed by the state governments, are
ordinarily employed, should have qualified safety officer(s). Obviously since the line has
primary safety specialist, safety officer is and must be a staff functionary and is not
directly responsible for safety result. His job responsibilities involve activities which help
the line to achieve their goal in safety. The safety specialist has no authority over the
line. He may have a great deal of influence but this is quite different from authority. In
order to make safety specialist influential, it is important that he reports directly to the top
executive and is given proper status. The safety professional in any organisation obtains
achieves the safety goals by using either of the two methods: (1) makes a
recommendation to line executives who issue an order; (2) obtaining acceptance of his
suggestion voluntarily from line supervisors without taking the chain of command route.
More often than not the purposes of safety specialists are accomplished by the second
method.
Safety Committee:
The constitution of the safety committee is a statutory requirement under Section 41 G of
the Factories Act 1948. In strict meaning it is the workers’ partcipation in the
management for safety-related matters and activities within the industry. It consists of
equal number of representatives from management and the workers. The chairman
should hold a very high position of status. Safety Committees are extremely common in
industries today. Such committees can perform important task of motivating and
involving people in safety. But such committees can be effective only when their duties
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and responsibilities are clearly defined, members of the committees are chosen
considering the duties assigned to the committee and chair-person are carefully chosen.
It is most important that the findings and recommendations of such committees are
recorded and implemented within a time frame.
Accident reporting, investigation and record keeping :
It is one of the important parts of the safety management system to report and
investigate the accidents. It is also one of the requirements under Section 88 and
Section 88A of the Factories Act, 1948 that the occurrence of reportable accidents and
certain dangerous occurrences should be notified to the Inspector of Factories. Accident
reporting and investigation should invariably start from the Foreman/Supervisor and Line
Managers concerned. Safety specialist should be involved in investigation of serious and
fatal accident. In all cases the accident investigation should aim at tracing all the
contributing factors to determine their underlining causes instead of only being fault
finding. Apart from reporting accidents to Inspector of Factories, which is a legal
requirement, it is equally or rather more important that the Chief Executive of the
organisation is kept well informed about the accident records and their investigation. This
can be done by sending him a monthly report which should necessarily include.
1.
2.
3.
4.
5.
6.

Frequency rate of accidents
Severity rate of accidents
Total time lost due to accidents
Cost of the accidents
Findings.
Actions recommended for avoiding reoccurrence.

These should be given not only for the company as a whole but also for each individual
plant or department. Such presentation would often convince the supervisors or line
managers of the desirability or devoting his attention more actively to the prevention of
accidents than he had in the past.
Apart from reporting and recording reportable accidents it is extremely important that
accidents of minor nature should also be recorded. The accident that results in a minor
injury (or no injury) today, may cause serious injury or even death of a worker tomorrow.
Because of this, the safety programme should make it necessary to record and study as
many accidents as possible even though some accidents resulted in minor injury, or no
injury.
Education and Training:
Unsafe action is one of the main contributing factors for most of the industrial accidents.
Though action of any individual at any given times is controlled by various factors but
individual’s knowledge and skill also play an important role. It is important to expose the
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workers, supervisors and line managers to various educational and traning programme
which provide them sufficient knowledge and help them to improve their skills in their
work. Such training programmes should not be only a one-time affair rather and the
experienced employees should also be given refresher training. Change of jobs, whether
it is to be a different department or to a different employer, means an adjustment for the
individuals, such individuals should be provided a well structured appreciation
programme. In all such training programmes pertinent safety information should be given
adequate coverage and particular emphasis should be given on company’s policy
towards safety.
Inspection &Audit:
In order to ensure that the various activities in any plant are being carried out according
to management” intentions it is extremely important that periodic internal inspections
should be carried out. Such inspections be regular exercise and should be carried out by
line supervisors and managers. Safety and control of potential hazards should be an
integral part for such inspections and while designing inspection checklists safety
specialists should also be consulted. Findings of such inspection should be brought to
the notice of those responsible to take corrective. The management system should also
specify methods to check various safety systems in the organisation. This can be done
by conducting Safety Audits. This will verify the extent to which various activities and
safety programmes/systems comply with external requirement and internal company
standards internal audits can be conducted by plant personnel including safety specialist
and external audits can be conducted by consultants or organisation known to have
specialized in this field such as Central & Regional Labour Institutes, Loss prevention
Association, National Safety Council, etc. The management system should ensure that
such audits and internal inspections are carried out at agreed frequency and corrective
actions are taken. Apart from regular audits and inspections, management should have a
well, laid down procedure for allowing any change in the plant. In a chemical process
plant any major plant modification should be allowed only after carefully considering all
probable possibilities by conducting a HAZOP study.
Monitoring of worker’s health and providing first-aid facilities:
Health workers are the biggest asset for any industrial unit. Management should take
due care of workers’ health. At all such places in a factory where there is a risk of toxic
chemical exposure or poisoning or any other occupational disease the workers should
be subjected to periodic medical examination. This will help management to take timely
corrective measures and will save them from botheration of litigations, payment of
compensations and other penalities. This will also induce sense of confidence in workers
and make them feel that there is being really taken care of. This is also one of the
requirements under section 87 and 41C of the Factories Act, 1948. The management
system should also ensure that adequate numbers of first-aid boxes alongwith qualified
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first-aiders are available in all the shifts. It is extremely necessary that the first-aid boxes
are maintained in good condition and replenished periodically to ensure that it always
contains all the necessary items.
Conclusion:
Effective safety (Management) System is essential to ensure safety in the
organisation/industry. Best technical safety systems such as machine guarding, fire
safety, chemical safety, waste disposal etc. may be of little or no yield in the absence of
a well established safety system.
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Chapter – 11 : ACCIDENTAND PREVENTION
11.1. Introduction
Industrialisation has brought within its wake several problems. With rapid
advances in industrial processes, newer types of dangers to life limb and health
are being increasingly introduced Mechanical, electrical and radiation be set up
on all sides. Yearly several lakhs of employees are injured in factories due to
accidents. The number of injuries resulting from accidents reported under the
Factories Act, 1948 was 20,961 during 2015. Of these, 1145 fatalities were
followed as a result of accidents. Many more are disable for life.
These accidents represent a social loss of great magnitude in the form of pain,
loss of hearing capacity and cost due to disturbance to economic efficiency. The
pain and suffering of the injured as well as the emotional loss to the victims of the
fatalities and accidents causing permanent disfigurements of disabilities are
impossible to be summed up or evaluated. The injured as well as the emotional
loss
to the victims of the fatalities and accidents causing permanent
disfigurements of disabilities are impossible to be summed up and evaluated. The
economic costs are more tangible of being computed, though practically, no
figures are available in terms of the total cost of accidents in our factories. To the
management, it is the direct cost for meeting medical expense or disablement
benefits to the injured or their families and also the various other indirect costs
due to the interference caused by accidents which are generally taken roughly as
four times the direct costs. To the society, the economic cost is in terms of loss of
productivity capacity and the cost of maintenance of the injured and their families
through social security schemes or through public or private charities.
In the absence of data relating to total economic losses due to accidents, a very
approximate can be had by making use of the figures published by the Labour
Bureau, Simla of claims paid by the ESIC under the ESI Act. Yet is the human
consequence of accidents that in the last analysis are most important and should
be most real to us. When we quote accidents statistics, we should remember that
we are not just talking about figures but about individual men and women, with
their own aims and aspirations in life, to whom society owes its firm
responsibilities.
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INDUSTRIAL MANAGEMENT’S RESPONSIBILITIES:
Let us for a moment look at the place of industry in society. Men and women enter
industry for different personal reasons, the predominant reason being to make
money to meet their personal needs. The function of industry as a whole is
different from the sum total of many livelihoods. It is the production of goods and
services which society requires with a minimum waste of resources. In this larger
context, it is important that production or productivity should not be regarded as
an end itself but as a means of obtaining the supply of goods and services,
income and leisure, in order that all people can improve their standard of living,
and enjoy the benefits. These can result to the creation of a fuller and more
satisfactory life. If, in the achievement of this, the path become littered with
casualties who are killed or maimed mentally or physically or who are allowed to
suffer in other ways from injuries it indicates failure on the part of the industrial
management to discharge its prime social responsibility of producing efficiently.
Industrial management’s prime duty to the nation is that it should not squander
the most precious of resources, men. Besides, the heavy costs due to accidents
are waste, which, in these days of ruthless competition we can ill afford, like other
forms of waste. It is a serious reflection on the standard of overall efficiency of
those organisations where the accident rate persists at a high level.
PRESENT POSITION AND SCOPE FOR IMPROVEMENT:
The total figures of accidents at such do not provide a means of evaluation of our
performance in prevention of industrial accidents. Evaluation can be made by
comparison of the rate of accidents per 1000 workers employed India those of
other industrially advanced countries.
We are doing so badly compared to UK and USA. Reason such as (a) more
manual operation in our production processes, (b) insufficient voluntary efforts on
the part of management, trade unions and others, (c) the lower economic and
educational status of our workers, (d) low wages and compensation rates (e)
tendency to believe that accidents are inevitable and (f) management being not
sufficiently conscious of the high cost of accident, are often attributed to our poor
performance. However, experience indicates that remarkable success in accident
prevention can be achieved even with the existing disadvantages, by planned and
preventive efforts in individual plant. This is borne out by the spectacular
reduction in the incidence of accidents in many factories which have tackled this
problem in a scientific manner.
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HAZARD: DEFINITION
Hazard is defined as the intrinsic property of any substance to cause harm.
RISK: DEFINITION
Risk is the likelihood that a hazard will cause harm in combination with the
severity of injury, damage or loss that might foreseeably occur.
INCIDENT: DEFINITION
An incident is referred to as a work-related event(s) in which an injury or ill health
(regardless of severity) or fatality occurred, or could have occurred. A near-miss is
an incident where no injury or illness occurs. Although the term incident is
regarded more and more as a broad term encompassing all events causing injury
or material damages and also near-miss events, this is not always the case.
Incident is often also referred to, as an event that has the potential to cause harm,
but didn't. Incident is then regarded as a synonym for a near-miss event. These
differences in terminology and definitions have to be taken into account when
browsing through safety literature or when looking into accident investigation
techniques.
ACCIDENT: DEFINITION
Heinrich defines an accident as an unplanned and uncontrolled event in which the
action or reaction of an object, substance, person or radiation results in personal
injury or the probability thereof.
From this definition, it could be said that injuries are always the result of an
accident. The injuries may result in partial or permanent disability and may even
cause fatality. When a worker is injured, it is labeled as an accident and the
workers are made to believe that everything possible has been done to prevent
the accident and no one is responsible for the incident or, in other words, nothing
is required to be done to prevent similar incidents.
An accident is regarded as a particular type of incident in which an injury or illness
actually occurs. Therefore, an incident can be either an accident or a near-miss.
INJURY: DEFINITION
“Injury” means mental or physical harm to an employee caused by accident or
disease. An injury or illness is an abnormal condition or disorder. Injuries include
cases such as, but not limited to, a cut, fracture, sprain, or amputation. Illnesses
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include both acute and chronic illnesses, such as, but not limited to, a skin
disease, respiratory disorder, or poisoning.
Injury takes place as a result of an accident.

UNSAFE ACT: DEFINITION
Unsafe act is any act that deviates from a generally recognized safe way or
specified method of doing a job and which increases the probabilities for an
accident.
UNSAFE CONDITION: DEFINITION
Unsafe condition is an unsatisfactory physical condition existing in a workplace
environment immediately before an accident that was significant in initiating the
event.
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11.2

Accident Causation Theories
Various theories were evolved about the trend of accidents and some of them are:
PURE CHANGE THEORY: Under this theory, an accident was considered to be
an Act of God. Workers were made to believe this theory and nothing was
initiated to prevent the accidents, as it was said that the accidents cannot be
controlled.
BIASED LIABILITY THEORY: Under this theory, it was said that once a person
sustains injury, the chances of his getting injured again are either decreased or
increased. If the probability has increased the theory is known as “Contagious
Hypothesis” and if the probability is decreased it is called “Burned finger
Hypothesis”.
ACCIDENT PRONENESS: Under this theory, it is said that there are certain
people who are liable to get injured more than others. However, the accident data
does not lead any support to this concept. It may be said that people are trying to
take advantage of this concept in order to evade steps for accident prevention.
ADJUSTMENT STRESS THEORY: Under this theory it is said that people who
fail to reach some sort of adjustment with working environments may have more
accidents than others.
DOMINO’S THEORY : This theory was evolved by Mr. Heinrich, who has
investigated a number of accidents, came to the conclusion that there is
sequence of factors before an injury takes place (the factors were shown in the
form of a Domino) and if any of the preceding factor is controlled, injuries do not
take place. Mr. Heinrich had showed the factors in the form of the Domino’s
Ancestry or Social environment- Fault of persons – Unsafe Acts/unsafe conditions
– Accident – Injury.
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CAUSATION THEORY: This theory says that any contributing factors, causes
and sub-causes combine together in a random fashion causing accidents.
According to this theory an accident occurs due to many undesirable conditions
and the identification and removal of all these would lead to prevention of
reoccurrence of all similar accidents.
Consequences of an accident are damage. Damage can occur to person or
matter. In the first case we call it an injury and in the later case property loss. In a
complex system of work area the final result would be damage to property and/or
injury to the person.
ACCIDENT PREVENTION TECHNIQUES:
No safety Programme would be effective without involvement of all concerned i.e.
management, supervisors and the workers. Hence, apart from the interest taken
by the management, workers are to be motivated to adopt the safe system of
work.
Accidents also could be understood as the result of ‘Danger’ acting on an ‘object’.
The object may be a man, machine or material. This action will result in damage
to the man, machine, and material. Hence to prevent an accident we should stop
the danger from acting and/or stop the action of danger before it damages the
object. This can be achieved by:
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(i)

Completely eliminating the danger from the process by identifying them in
the
planning stage itself. Past experience in a similar process or the
result from a stimulation of the system is used for identifying the danger.

(ii)

Eliminating the danger at a later stage. If the system contains some danger
which resulted in accident at later stage thereby making the system free
from danger.

(iii) Isolating the danger or enclosing the danger however allowing it to remain in
the system. This can be achieved say, by properly guarding a machine so
that all the moving parts are enclosed and hence the danger not allowed to
an on object.
(iv) Eliminating the object from the system. In this method which is suited for
chemical plants, the object is removed from the system so that even if the
danger exists cannot act on it. It is possible by remote control of the process.
The workers are placed far away from the process where they are safe by
venture of their position.
(v)

Removing the object at a later stage probably after gaining experience from
the harmful effect of the danger on the object. The method is identical to the
earlier one but the action is posterior.

PRINCIPLES OF ACCIDENT PREVENTION:
(i) Cause of Accidents
Heinrich after careful study of 75,000 lost time accident cases from insurance files,
found that 98% of the accidents were caused by either unsafe actions, or unsafe
mechanical or physical conditions or both and that they could be prevented by
correction of the unsafe acts and the conditions.
(ii) Foundation of a lost time Injury :
Analysis by the same author of 5,000 lost time accidents has shown that for every
accidents resulting in an injury there are many other similar accidents that cause no
injuries, whatever. It was estimated by him that in a unit group of 330 accidents of
the same kind involving the same person and similar circumstances, 300 result in
no injuries, 29 in minor injuries and 1 in a lost time injury. This is illustrated if
figure 1.
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Fig. 1 – Foundation of a lost time injury

An important point which emerges from this study is that the accidents indicated
by the ratio of injury causing lost time accidents, minor accidents causing no
injuries or minor injuries provides ample opportunity for preventing work. More so,
as it is only after several repeated unsafe actions or repeated exposure to an
unsafe mechanical or physical condition that even the no injury accidents happen.
However, the figures mentioned represents an average only and it is very likely
that a minor or a serious injury may occur the very first time a person acts
unsafely or is exposed to a mechanical hazard, in other cases, he may be so
endangered hundreds or thousands of time before he receives an injury.
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(iii) Accident Sequence:
(a) The basic theory of accident occurrence may be briefly defined as:
(b) A personal injury occurs only as the result of an accident;
(c) An accident occurs only as a result of an unsafe actions or exposure
to an unsafe mechanical or physical condition or both;
(d) Unsafe actions or unsafe mechanical or physical conditions exists
only because of faults on the part of persons; and
(e) Faults of persons are inherited or acquired from the environment and
the reasons or causes for the faults are (a) Anatomical or
physiological unsuitability, (b) Improper psychological characteristics,
(c) lack of knowledge or skill and (d) Improper mechanical or physical
environment.
(iv) Remedy :
It is seen that the occurrence of an injury is the natural culmination of a
series of events or circumstances which invariably occur in a fixed and
logical order. One is dependent on another and one follows because of
another, thus constituting a sequence. If the series is interrupted by
elimination of even one of the several factors that comprise it, the injury
cannot possibly occur.
Knowledge of the factors in the accident sequence guides and assists in
selecting the point of attack in prevention work. It permits simplification
without sacrifice of effectiveness. It also permits expansion of safety work
into the underlying field of human behaviour or limitations and helps in
organizing and introducing most suitable control measures.
It would be appreciated that many things may occur to break the accident
sequence. A person having inherited or acquired faults may not act
unsafely or permit a mechanical hazard to exist. If he does not in an unsafe
manner, it is possible that accident may not occur. Even if a person is
involved in an accident, an injury may not be caused. The most important
point is that unsafe actions and unsafe mechanical or physical conditions
are the immediate causes of accidents and meet practicable of
determination and elimination and that supervision and management can
control the actions of employed persons and so prevent unsafe acts and so
also guard or remove unsafe conditions even though previous events or
circumstances n the sequence are unfavourable. Thus in accident
prevention, the bull’s eye of the target is the middle of the sequence,
unsafe acts of persons and unsafe condition.
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11.3

Acident and Incident Investigation
1. Management Responsibilities in Accident Reporting:
i.
ii.
iii.
iv.
v.
vi.
2.

Ensure all incidents are reported
Create an atmosphere of trust and respect that leads to openness
Establish Systems and Procedures
Communicate value of reporting incidents
Provide resources and priority
Ensure System for effective communication

Classifying Accident Reporting:
i.

Statutory Reporting

Sec.88 – Notice of certain accidents.
(1). Where in any factory an accident occurs which causes death, or which causes
any bodily injury by reason of which the person injured is prevented from
working for a period of forty-eight hours or more immediately following the
accident, or which is of such nature as may be prescribed in this behalf, the
manager of the factory shall send notice thereof to such authorities, and in
such form and within such time, as may be prescribed.
(2). Where a notice given under sub-section (1) relates to an accident causing
death, the authority to whom the notice is sent shall make an inquiry into the
occurrence within one month of the receipt of the notice or, if such authority is
not the Inspector, cause the Inspector to make an inquiry within the said
period.
(3). The State Government may make rules for regulating the procedure at
inquiries under this section.
Sec.88-A – Notice of certain dangerous occurrences.
Where in a factory any dangerous occurrence of such nature as may be
prescribed occurs, whether causing any bodily injury or disability or not, the
manager of the factory shall send notice thereof to such authorities, and in such
form and within such time, as may be prescribed.
Rule prescribed under sections 88 and 88A
245	
  
	
  

121.

Notification of accidents and dangerous occurrences

(1).

When any accident which results in the death of any person or
which results in such bodily injury to any person as is likely to cause his
death, or any dangerous occurrence specified in the schedule annexed
hereto takes place in a factory, the manager of the factory shall forthwith
send a notice thereof by telephone, special messenger or telegram to the
Inspector and the Chief Inspector.

(2).

Notice as mentioned in sub-rule (1) shall be sent also to :
(a)
(b)
(c)

(3).

(4).

The District Magistrate or Sub-divisional Officer;
The officer in charge of the nearest police stations; and
The relatives of the injured or deceased person.

Notice shall be confirmed by the manager of the factory to the authorities
mentioned in these sub-rules within 12 hours of the accident or the
dangerous occurrence by sending them a written report in Form 25 in the
case of an accident or dangerous occurrence causing death or serious
bodily injury to any person and in Form 26 in the case of a dangerous
occurrence which has not resulted in any bodily injury to any person.
When any accident or dangerous occurrence specified in the schedule
takes place in a factory and it causes such bodily injury to any person as
prevents the person injured from working for a period of 48 hours or more
immediately following the accident or the dangerous occurrence , the
manager of the factory shall send a report thereof to the Inspector in
Form 25 within 24 Hours after the expiry of 48 hours from the time of the
accident or the dangerous occurrence

SCHEDULE
The following classes of dangerous occurrences, whether or not they are
attended by personal injury or disablement:
1.

Bursting of a plant used for containing or supplying steam under pressure
greater than atmospheric pressure.

2.

Collapse or failure of a crane, derrick, which, hoist or other appliances used
in raising or lowering persons or goods, or any part thereof, or the
overturning of a crane.
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3.

Explosion, fire, bursting out, leakage or escape of any molten metal, or hot
liquid or gas causing bodily injury to any person or damage to any room or
place in which persons are employed, or fire in rooms of cotton pressing
factories when a cotton opener is in use.

4.

Explosion of a receiver or container used for the storage at pressure
greater than atmospheric pressure of any gas or gases (including air) or
any liquid or slid resulting from the compression of gas.

5.

Collapse or subsidence of any floor, gallery, roof, bridge, tunnel, chimney,
wall, building or any other structure.

Sec.89 – Notice of certain diseases.
(1).

(2).

Where any worker in a factory contracts any disease specified in the Third
Schedule, the manager of the factory shall send notice thereof to such
authorities and in such forms and within such time, as may be prescribed.
If any medical practitioner attends on a person who is believed to be
suffering from any disease specified in the Third Schedule, the medical
practitioner shall send a report in writing to the office of the Chief Inspector
stating(a) The name and full postal address of the patient,
(b) The disease from which he believes the patient to be suffering, and
(c) The name and address of the factory in which the patient is, or was, last
employed.

(3).

Where the report under sub-section (2) is confirmed to the satisfaction of
the Chief Inspector, by the certificate of a Certifying surgeon or otherwise,
that the person is suffering from a disease specified in the Third Schedule,
he shall pay to the medical practitioner such fee as may be prescribed, and
the fee so paid shall be recoverable as an arrear of land revenue from the
occupier of the factory in which the person contracted the disease.

(4).

If any medical practitioner fails to comply with the provisions of sub-section
(2), he shall be punishable with fine which may extend to one thousand
rupees.
i.

Non-Statutory
This type of reporting done for the following types of cases:
First-Aid cases – initial first-aid sufficient. No lost-time
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Near Miss cases – having potential of serious nature but luckily saved
Such types of cases report to Factory Manager / occupier by means of
supervisors report form or medical officer’s report form with copy to safety
department.
Identifying the Accident Cause:
i.

Direct Cause: A detailed analysis of an accident must consider the direct
cause that produced it. Accident investigators are interested in the direct
cause because it is often possible to re-design equipment, materials and
facilities, to train workers and to provide personal protection.

ii.

Hidden Facts / Root Cause: Best for long-range improvements. Loosely
grouped into three categories :
a) Management Safety Policy and Decisions
b) Personal Factors – knowledge, skill, training
c)

Environmental Factors

iii.

Prime / Key Facts – time and place of accident, nature with severity of injury,
part of body, source of injury, agency of accident, etc.

iv.

Underlying Facts: It is the fault of the management and supervision in addition
to the unwise method and procedures that management and supervisor failed
to correct.
Purpose of Incident Investigation:
The purpose of accident investigation is to find facts and any accident
investigation should find fault with persons. The primary purpose of carrying out
incident investigation is to prevent its recurrence. Investigation helps in new
learnings which may be applicable in other situations. It shows that Organisation
is taking appropriate actions to prevent recurrence.

248	
  
	
  

ACCIDENT ANALYSIS

Key FactorsCircumstances that contributed to or may be reasonably believed to
have contributed to occurrence of the incident even though clear causal
connection may not be found
Determining key factors
•

After Funnelling the information gathered

•

Determine key factors by RCFA techniques

•

RCFA (Root Cause Failure Analysis) identifies the causes of failures (i.e. key
factors) at Physical, Human and System levels

Recommending corrective & preventive actions
Once the key factors and weak systems are identified, make practical
recommendations that will prevent recurrence of the incident
Corrective and preventive actions should address all key factors and include the
following:
•

Description of action

•

Person responsible for implementation

•

Completion date
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Chapter - 12 : HAZARD IDENTIFICATION, PREVENTION AND CONTROL
12.1

Techniques for Identificationof Hazards
1.

DATA COLLECTION AND ANALYSIS
Data can be collected through various sources like Material Safety Data
Sheet, Accident statistics, Inventory, Usage and type of PPE, Failure rate of
equipment. The data can be analysed for identification of hazards. Accident
data can be analysed by using IS: 3786-1983.

2.

ACCIDENT INVESTIGATION
The failure of people, equipment, supplies, or surroundings to behave or react
as expected causes most accidents. (deviation from the SOP or the design
intent of any equipment). Accident investigations determine how and why
these failures occur.

Accident investigation should identify the hazards.
3.

PLANT SAFETY INSPECTION
Inspection should be conducted in an organisation to locate and report
existing and potential unsafe conditions or activities. The primary purpose of
inspection is to detect potential hazards so that they can be corrected before
an accident occurs.

4.

PRELIMINARY HAZARD ANALYSIS
It is used during the conceptual, early development, early design phase of a
plant. Early identification of most of the hazards could be possible resulting in
effective saving in cost that could otherwise result from major plant redesigns.
Hazards are identified in Raw materials, intermediates, by-products, final
products, Plant equipment (high pressure systems) Interface among system
components (material interactions, fire) Environment (earthquake, vibration,
extreme temperature).

5. WHAT IF ANALYSIS
The analysis is used to conduct a thorough and systematic examination of a
process or operation by asking questions that begins with “What if”.
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The questions can center on a particular consequence category e.g. personnel
safety or public safety, Operating conditions, physical and chemical properties
of materials, equipment description, Plot plan, Process Instrumentation
diagram of the plant including alarms monitoring devices, gauges, etc.
Responsibilities and the duties of the operating personnel, communication
system etc. Procedures for preventive maintenance and work permit system
for hazardous job, tackling emergency situations.
6. HAZARD & OPERABILITY STUDY (HAZOP)
The technique is used for the application of a formal critical examination of the
process and engineering intentions of facility to assess the hazard potential of
maloperation or malfunction of individual items of equipment and the
consequential effects on the facility as a whole. It identifies hazard and
operability problems and finds out how the plant might deviate from the design
intent. It has been developed to supplement experience based practices when
new design or technology is evolved. Its use has expanded to almost all
phases of a plant’s life. It is best if carried out during the design stage of the
plant.
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12.2

Hierarchy of Control
1. Elimination: At the first instance, the hazard must be attempted to be
eliminated from the system. It can be achieved by avoiding a certain process
or operation if possible.
2. Substitution: If the elimination is not possible we must try to substitute the
equipment with equipment have less hazard.
3. Engineering controls: Apply the following controls when the above two
activities are not possible.
–
–
–
–

isolation, total enclosure
separation, segregation
partial enclosure
safety devices

4. Administrative controls: Consists of putting signages, persuation, appeal and
motivation.
–
–
–
–

safe systems of work
reduced exposure
reduced time of exposure, dose
information, instruction, training and supervision

5. Personal Protective Equipment: Should e treated as a last resort for controlling
the hazard.
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Chapter - 13 : BEHAVIOUR BASED SAFETY
Behavior-Based Safety (BBS) is the "application of science of behavior change to real
world safety problems" or "A process that creates a safety partnership between
management and employees that continually focuses people's attentions and actions on
theirs, and others, daily safety behavior." BBS "focuses on what people do, analyzes
why they do it, and then applies a research-supported intervention strategy to improve
what people do". At its very core BBS is based on a larger scientific field called
organizational behavior management. Behaviour-based safety (BBS) is one of the
promising methods implemented in industry to reduce the incidence of accidents and
injuries. Behaviour based safety (BBS) is one of the approach to improve safety
performance and decrease the number of accident cases at the workplace. The good
behaviour will be encouraged to replace unsafe behaviour practices.
What is a Behaviour-Based Safety (BBS) approach?
A behaviour-based safety approach promotes interventions that are people-focused and
often incorporate one-to-one or group observations of employees performing routine
work tasks, setting goals carefully and giving timely feedback on safety-related
behaviour, coaching and mentoring. The initiatives have a proactive focus, encouraging
individuals and their work groups to consider the potential for incident involvement,
(accidents) and to assess their own behaviour as safe or unsafe always, no matter what.
Within BBS, behaviour is explained in terms of the ABC model (Antecedent, Behaviour,
and Consequence).
Antecedent

Behaviour

A stimulus or event that Anything that we can see
occurs before behaviour in an individual do, or say.
time. This stimulus or
event may result in the
behaviour. Work examples
include goals, policies,
training, job aids, and
guides.

Consequence

A stimulus or event that
occurs after behaviour in
time. This consequence
could increase or
decrease behaviour in the
future, depending on its
reinforcing or punishing
properties. Work examples
include feedback, recognition, task completion,
goalachievement,
254	
  

	
  

rewards.
Despite the fact that we rely heavily on antecedents, it is consequences that have the
greatest influence on behaviour.
Reinforcement occurs when a consequence that follows behaviour makes it more likely
that the behaviour will occur again in the future. Therefore, a reinforcing consequence is
one that causes behaviour to occur more frequently. - For example, the behaviour of
putting money in a snack vending machine and pressing a button has the consequence
of the chosen food item being distributed. The presentation of the food item functions as
reinforcement for putting the money in and pressing the button. If the person using the
vending machine actually wanted the food item then they will repeat this behaviour in the
future (because it was successfully accomplished). Essentially, everything we do
changes our environment in some way (consequences). When the environment changes
in a way that we like, then we will repeat the behaviour that led to the change
(reinforcement).
We can increase performance through negative and positive reinforcement.
Positive Reinforcement: For example, if you wear PPE because you feel like you are
contributing to safety in your organisation (by taking personal control of safety), you will
be more likely to wear PPE when your boss is not present, in situations in which it is not
mandatory, and you may well begin to exhibit other safe behaviours in addition to this,
voluntarily
Negative Reinforcement: For example, if you wear PPE to avoid a fine (that might occur
for not wearing PPE), this is you working under negative reinforcement. Your ‘wearing
PPE’ behaviour has increased in order to avoid a bad situation.
In sum, an effective behaviour-based safety programme should contain the following:
1. Engagement from both employees and management.
2. Clear, concise definitions of behaviours targeted for change.
3. These targeted behaviours are chosen from past incident reports, safety
assessments, observation, and near miss data.
4. An observation process.
5. A feedback process.
6. Target behaviours for employees, supervisors and managers to improve,
including measurement and feedback.
7. A process for identifying and remediating hazards
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Chapter - 14 : WORK PERMIT SYSTEM

Serious accidents, often resulting in fatalities have occurred and still continue to occur
while performing certain types of jobs under certain conditions. Therefore to control and
prevent the repetitive occurance of accidents, some positive means of safeguard and
controlling measures are necessary. As a result, the permit to work system was evolved.
“Permit to work” is essentially a document that, spells out the task, equipment involved,
its location, personnel involved, time limitations, precautionary measures to be taken
together with likely hazards to be encountered, if any. Permit to work provides written
information on the prevalent hazards connected with the job performance. It spells out
the suitable remedial measures to be adopted to encounter the hazardous conditions
that are prevailing or that can be encountered while performing the job. It indicates the
various types of personnel protective equipments to be used at different stages of work.
It serves as a predetermined checklist for various safety precautions to be taken. It
provides a written record of the operation including the personnel who were involved in
authorising and carrying out the operations. The permit system instills a sense of
security from accidents in the minds of the crew performing the job.
Types of permit:depending upon the type of industry and the hazardous operations
carried out therein, various types of permits have been developed. However, the most
commonly used permits are:-
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1. Fire permit or hot work permit
Fire permit or hot work permits are issued to authorise carrying out of welding,
gas cutting, working with open flames or other works like grinding, chiselling, etc.
That release sparks.
2. Safe entry or vessel entry permit
Under the provisions of section 36 of the factories act, 1948 no person shall be
permitted to enter into a place or confined space unless all measures have been
taken to make the vessel adequately safe for working. Usually the supervisor
having the proprietory control over the equipment issue a safe entry permit and
authorise work in, on and around a confined space.
3. Excavation permit
In most industries, pipelines, electrical cables, telephone cable are run
underground. In some cases where soils are not stable or contaminated, digging
and excavation work may cause accidents.
4. Electrical work permit
Work on electrical installations, equipments is considered to be very hazardous.
Therefore, it is of utmost importance that sufficient safety precautions are taken
before carrying out any work on, electrical circuits, lines and equipments.
5. Acid area work permit
Acids being highly corrosive and the gases generated during their process are
abnoxious, harmfull and sometimes explosive. Maintenance and repair works in
an acid manufacturing and processing plant can contain numerous hazardous
conditions.
6. Safe work permit or work at height permit
Many accidents are caused due to falls while working at heights and roof tops.
Most of the accidents result in fatalities or very severe injuries.
7. Multiple permit
It is desirable that different format are used for different work permits rather than
using one single format with different heading.

257	
  
	
  

Who issues permits and to whom it is issued?
Permits are issued by supervisors having proprietory responsibility of areas and
equipments. It is generally issued on the name of a supervisor or technician who is to
carry out the required job under the known hazardous conditions.
What does a permit contain?
A permit contains written information and instructions pertaining to hazards that are to be
avioded in a particular operation. It indicates that all hazards have been considered in
advance and appropriate precautionary measures have been taken. Similarly, it also
indicates that the people executing the job have reviewed the permit and accept the
responsibility of adhearing to the instructions and limitations stipulated.
Return of permit
On completion of the job, the person-in-charge of the repair at the time ensures that, all
men working on the equipment apparatus have been withdrawn, and he returns the
permit for cancellation.
The permit issuing authority, on receipt of the permit for
cancellation, rechecks the equipment or apparatus and cancels the permit.
Permit to work system in an industry plays an important role in minimising accident
occurrences, in that it helps the industry and the people concerned to convert a known
hazardous work situation into a safe work environment.
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Section - C
OCCUPATIONAL SAFETY AND HEALTH LEGISLATIONS

Chapter – 15 : ILO CONVENRTIONS AND RECOMMENDATIONS
LABOUR STANDARDS
The International Labour Organisation (ILO) has adopted a declaration on setting
fundamental principles and rights at work at its 86th session in 1998. It also committed
itself to promote and implement the core ILO conventions in member countries
irrespective of the fact whether the member country has ratified the labour convention or
not.
India as one of the founding members has reaffirmed its full commitment to
achieve implementation of its core labour standards.
In addition to core labour standards, it is also expected of the member state that the
labour standards which contribute to promotion of social objective are also given effect to
the extent possible. Occupational safety and health being an important aspect, the
Government of India would have to take steps to incorporate safety & health standards
including those related to OSH-MS in national statutes.

•

•

Occupational Safety and Health Convention, 1981 (C No. 155) and its Protocol of
2002.The convention provides for the adoption of a coherent national
occupational safety and health policy, as well as action to be taken by
Governments and within enterprises to promote occupational safety and health
and to improve working conditions.
Occupational Health Services Convention, 1985 (C No. 161).
This convention provides for the establishment of enterprise-level occupational
health services which are entrusted with essentially preventive functions.

	
  

•

Promotional Framework for Occupational Safety and Health Convention, 2006 (C
No. 187). This Convention aims at promoting a preventative safety and health
culture and progressively achieving a safe and healthy working environment.

•

Hygiene (Commerce and Offices) Convention, 1964 (C No. 120). This instrument
has the objective of preserving the health and welfare of workers employed in
trading establishments, and establishments, institutions and administrative
services in which workers are mainly engaged in office work and other related
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services through elementary hygiene measures responding to the requirements of
welfare at the workplace.
•

Occupational Safety and Health (Dock Work) Convention, 1979 (C No. 152)

•

Safety and Health in Construction Convention, 1988 (C No. 167) –

The convention provides for detailed technical preventive and protective measures
having due regard for the specific requirements of this sector.
•

Safety and Health in Mines Convention, 1995 (C No. 176)

•

Safety and Health in Agriculture Convention, 2001 (C No. 184)

Protection against specific risks
•
•
•
•
•

Radiation Protection Convention, 1960 (C No. 115)
Occupational Cancer Convention, 1974 (C No. 139)
Working Environment (Air Pollution, Noise and Vibration) Convention, 1977 (C
No. 148)
Asbestos Convention, 1986 (C No. 162)
Chemicals Convention, 1990 (C No. 170)

EXISTING FRAMEWORK ON OSH:
The occupational safety and health is one of the subjects allotted to Ministry of Labour &
Employment (MoL&E), under the Government of India, allocation of Business Rules.
The MoL&E, Government of India and Labour Departments of the State Governments
and Union Territories are responsible for Occupational Safety and Health of workers, as
the subject of “Welfare of Labour including conditions of work” is a subject listed in the
concurrent list of the constitution. Therefore, the Parliament and the Legislatures of the
States can enact laws on this subject matter.
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Chapter – 16 : NATIONAL POLICY ON OCCUPATIONAL SAFETY, HEALTH AND
ENVIRONMENT AT WORKPLACE
The National policy has been finalized in consultation with all the stake holders i.e.
workers’ representatives, employers’ representatives and Central & State Governments.
The Central Government has declared the Policy on 20th Feb. 2009. The national policy
aims at improvement in the safety, health and environment at workplace through:(i)
(ii)
(iii)
(iv)

Statutory framework on OSH in respect of all sectors of economic activities
Facilitation of technical support services
Providing incentives to employees and employers
Establishment and maintaining of R & D capabilities in the area of risk
management.
(v) Focusing on prevention strategies; and
(vi) Competence enhancement of technical manpower.
The fundamental purpose of this National Policy on Safety, Health and Environment at
workplace, is not only to eliminate the incidence of work related injuries, diseases,
fatalities, disaster and loss of national assets and ensuring achievement of a high level
of occupational safety, health and environment performance through proactive
approaches but also to enhance the well-being of the employee and society, at large.
The necessary changes in this area will be based on a co-ordinated national effort
focused on clear national goals and objectives.
The Goal of the Policy that the Government firmly believes that building and maintaining
national preventive safety and health culture is the need of the hour
The policy sets its objective to achieve continuous reduction in work related injuries,
diseases and associated costs; and continuous enhancement of awareness regarding
safety, health and environment. The policy also outlines an Action Programme for
achieving these objectives and goals. It identifies 8 key strategies:1.
2.
3.
4.
5.
6.
7.
8.

Enforcement
Development of national standards
Compliance
Awareness
Research and development
Skills development
Data collection
Review
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Chapter - 17 : THE FACTORIES ACT, 1948
The Factories Act, 1948, a central enactment, deals with occupational health and safety
as well as welfare of workers employed in a factory. A factory has been defined as a
workplace where ten or more workers are employed in a manufacturing process with the
aid of power or twenty or more workers without the aid of power. The provisions of the
Act, may however, be extended to factories employing less workers by a State
Government by issuing Notification under Section 85 of the Act. So far, this power has
been used to cover power looms, saw mills, rice mills, oil mills, flour mills, chemical units,
pesticides formulating units, printing presses etc. under the provisions of the Act by
different States. The Act does not apply to mines units belonging to armed forces of the
union, the railway running shed, the hotel or an eating place.
The Act is enforced by the Directorates / Inspectorates of Factories under the State
Governments and the administration of Union Territories, who also have the power to
make statutory rules to supplement the provisions of the Act. The Ministry of Labour and
Employment in the Central Government is accountable to Parliament for enforcement of
the Act. It ensures uniformity of application of the Act throughout the country by issuing
model rules which are adopted by the States and the Union Territories with necessary
modifications to suit local needs. It also ensures coordination of the activities of the
State Factories Directorates / Inspectorates through its technical organization Directorate
General Factory Advice Service and Labour Institutes (DGFASLI).
The employer is required to provide machinery and equipment which are safe and also
to maintain guards in position and working order while a machine or equipment is in use.
The Act prohibits cleaning, lubricating or adjustments being carried out on running
machinery except in special circumstances. Specific requirements relating to protective
equipment for eyes, for workers entering confined spaces or working at heights have
been made. Special equipment such as hoists, lifts, cranes and other lifting appliances,
pressure vessels and exhaust equipment are required to be tested and periodically
examined and certified by competent persons. Precautions for preventing fire and
explosions and escape in case such events take place are provided. The Inspectors
have been empowered to stop any work where danger to the life or limbs or health of
workers is imminent.
The Act empowers the State Governments to declare any process or operation as
dangerous and to ensure protection of persons employed in the operation or in the
vicinity. Women and adolescents are generally prohibited from working in a dangerous
process or operation. Twenty seven processes and operations have been identified as
dangerous in the model rules. These rules lay down detailed instructions regarding
preventive measures, protective devices, cautionary notices as well as medical
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examination of workers. The State Governments have adopted these model rules
depending on their local needs.
The Act lists 29 occupational diseases and obliges the manager of a factory and medical
practitioners to notify the Chief Inspector of Factories if any worker contracts any of the
diseases.
The responsibility of compliance of the provisions of the Act is placed on the 'occupier' of
a factory. The persons employed in a factory are also required to observe safety
precautions, wear protective clothing and use protective equipment.
It became increasingly clear particularly after the Bhopal disaster in 1984 that a wholly
prescriptive approach was no longer adequate for dealing with hazards posed by new
technology in the chemical industry. The primary responsibility for prevention of
occupational accidents and diseases had to be placed with those who create the risks
and compliance of specific requirements of the statute and regulations could not be
considered to be adequate for discharge of responsibility by the manufacturer. There
must also be full and informed cooperation between the employers and the employees in
ensuring occupational safety and health. The Factories Act was comprehensively
amended in 1987 to include these principles of safety management.
In the year 1987, amendments were made in the Factories Act 1948 in respect of
hazardous processes. Some of these were –
•
•
•
•
•
•

Constitution of site appraisal committee,
Compulsory disclosure of information by occupier,
Medical examination of workers exposed to hazardous processes,
Laying down permissible limits of exposure of chemical substances,
Participation of workers on safety and health management,
Right of workers to warn about imminent dangers.
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Chapter - 18 : THE DOCK WORKERS (SAFETY, HEALTH & WELFARE) ACT, 1986
AND THE DOCK WORKERS (SAFETY, HEALTH & WELFARE)
REGULATIONS, 1990.
The Act was enacted in the year 1986 and the Regulations came in to being in the year
1990. The Dock Workers (Safety, Health & Welfare) Act, 1986 is applicable
throughout India. The Act empowers the Central Govt. to make Regulations and Rules
in support of the Act, to be made applicable in all the Major Ports of the country. The Act
also empowers the concerned State Governments to make their own Rules to be made
applicable in the entire Minor and Intermediate ports.
The Dock Workers (Safety, Health & Welfare) Rules, 1990 framed under Dock
Workers (Safety, Health & Welfare) Act, 1986 elaborates the Inspection Procedures,
Procedures for constitution of Advisory Committee, mode of direct Government inquiry
into causes of accidents and diseases, etc.
The Dock Workers (Safety, Health & Welfare) Regulations, 1990, framed under
Dock Workers (Safety, Health & Welfare) Act 1986 elaborately provides for various
safety and health.
Important Medical Provisions are:
Regulation 100 to 109: These include facilities welfare such as washing facilities,
availability of First aid boxes, ambulance rooms, Stretchers, shelters, rest sheds, lunch
rooms, and medical examination of dock workers and appointment of welfare officer
Regulation 110 to 118: These are special provisions on training of dock workers,
reporting of accidents, emergency action plans, constitution of safety committees,
occupational health services for dock workers, etc
The Act covers all activities carried out in a port or within the vicinity of a port, required
for or incidental to and in connection with loading and unloading, movement of storage of
cargo into or from a ship, any other storage area and includes chipping and painting or
cleaning of any hold, structure or lifting machinery or any other storage and work in
connection with preparation of ship or other vessel for receipt or discharge of cargo or
leaving port. Similarly the Act covers all categories of workers including contract
workers. The Act provides for appointment of Chief Inspector of Dock Safety and
Inspectors subordinate to him at various ports to enforce the provisions of the Act and
the Regulations.
The Actempowers the Inspectors with regard to entry, examination of any ship, dock,
lifting equipment, require the production of any register relating to employment of dock
workers, taking copies of registers, records, take photographs, sample etc. hold an
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enquiry into any accident, issue show-cause notices, prosecute, conduct or defend any
complainant. It also provides for prohibiting any dock work where the conditions are
dangerous to life, safety or health of dock worker with appeal provision, constitution of an
Advisory Committee to advise the Central Govt. upon matters arising out of the
administration of this Act and Regulations.
The Regulationsempowers the Inspectors with similar powers provided under the Act.
The Regulations also provides for directing the Port Authority, Dock Labour Board and
other Employers of dock workers for getting the dock workers medically examined if
considered necessary
The Regulationsprovides for various health and welfare aspects like cleanliness of
working places, clean and wholesome drinking water, latrines and urinals, spittoons,
effective ventilation in the dock areas and reefer holds, washing facilities, first-aid boxes,
ambulance rooms, ambulance carriage, canteens, medical examination of dock workers,
rehabilitation of incapacitated workers, and appointment of welfare officers. The
Regulations also provides for initial and periodical training of dock workers, preparation
of emergency action plan by the ports, constitution of Safety Committees, occupational
health services, etc.
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Chapter – 19 : AIR (PREVENTION & CONTROAL OF POLLUTION) ACT, 1981 AND
AMENDED, 1986

SALIENT FEATURES OF AIR (PREVENTION AND CONTROL OF POLLUTION) ACT,
1981
The Parliament enacted the Air (Prevention and Control of Pollution) Act, 1981 to arrest
the deterioration in the air quality. The notable points from this Act are as follows:
1. The Act makes provisions for the establishing of Central Pollution Control Board
(CPCB) at the apex level and State Pollution Control Boards at the state level.
2. The CPCB advises the Central Government on any matter concerning the
improvement of the quality of the air and prevention, control and abatement of air
pollution. It also helps to plan and cause to be executed a nation-wide programme
for the prevention, control and abatement of air pollution. It provides technical
assistance to and guidance to the State Pollution Control Board. It also lays down
the down standards for the quality of air.
3. The SPCBs plan a comprehensive programme for prevention; control and
abatement of air pollution and to secure the execution thereof.They also advise
the State Government on any matter concerning prevention, control and
abatement of air pollution.
4. According to this Act, the “air pollutant” means any solid, liquid or gaseous
substance (including noise) present in the atmosphere in such concentration as
may be or tend to be injurious to human beings or other living creatures or plants
or property or environment.

What are Air pollution control areas?
This act provides that the State Government may, after consultation with the State
Board, by notification declare any area or areas within the State as air pollution control
areas. The state government is also powered to make any alternations in the area
pollution control areas such as merging the areas. If the state government, after
consultation with the State Board, is of opinion that the use of any fuel or burning of any
non-fuel material other than an approved fuel, in any air pollution control area or part
thereof, may cause or is likely to cause air pollution, it may, by notification, prohibit the
use of such fuel in such area.
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The further provisions of the act say that no person shall, without the previous consent of
the State Board, establish or operate any industrial plant in an air pollution control area.
Every person to whom consent has been granted by the State Board, shall comply with
the conditions and norms prescribed by the board such as prevention and control of the
air pollution. Failure to do so brings penalty including jail term of at least 1.5 years.
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Chapter – 20 : WATER (PREVENTION & CONTROL OF POLUTION) ACT, 1974
AND RULES

SALIENT FEATURES OF WATER ACT, 1974
Water Act came into effect in 1974 to prevent pollution of water by industrial, agricultural
and household water. The main objectives of this act are listed below:
1.
2.
3.
4.
5.

6.
7.

Prevention, control and abatement of water pollution.
The act also aims at restoration of wholesomeness of water
The water act is designed to assess pollution levels and punish polluters
The central government and state governments have set-up pollution
control boards to monitor water pollution.
The water act of 1974 along with amendments in 1978 is an extensive
legislation with more than sixty sections for prevention and control of water
pollution.
Central and state boards have been created under this act for preventing
water pollution
The act empowers the board to take:
-

8.
9.

Water samples for analysis
govern discharge of sewage
Trade effluents
Study or inspect appeals
Revision of policies
set minimum and maximum penalties
Publication of names of offenders
Offences by companies or government departments
Establish or recognize water testing laboratories and standard
testing procedures

Prevention and control of water pollution is achieved through a 'permit' or a
'consent administration' procedure
Discharging effluents is permitted by obtaining the consent of state water
boards
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WATER POLLUTION CESS ACT (1977)
The objective of this act is that anyone consuming water has to pay cess depending on
the type of use as listed below:
-

Industries using water for industrial cooling, spraying in mine pits or as
boiler feed
Domestic purposes
Processing (pollutants are biodegradable. Eg: water from slaughter
houses)
Processing (pollutants are not biodegradable and are toxic. Eg: water from
tannery waste, industrial wastewater from electroplating industries)

Industries that have a treatment plant installed for treating their effluents can get a rebate
of 70% on the cess payable.
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Chapter - 21 : WORKMEN’S COMPENSATION ACTS, 1923
WORKMEN'S COMPENSATION ACT, 1923
The Workmen’s Compensation Act, 1923 provides for payment of compensation to
workmen and their dependants in case of injury and accident (including certain
occupational disease) arising out of and in the course of employment and resulting in
disablement or death. The Act applies to railway servants and persons employed in any
such capacity as is specified in Schedule II of the Act. The schedule II includes persons
employed in factories, mines, plantations, mechanically propelled vehicles, construction
works and certain other hazardous occupations.
The amount of compensation to be paid depends on the nature of the injury and the
average monthly wages and age of workmen. The minimum and maximum rates of
compensation payable for death (in such cases it is paid to the dependents of workmen)
and for disability have been fixed and is subject to revision from time to time.
A Social Security Division has been set up under the Ministry of Labour and
Employment, which deals with framing of social security policy for the workers and
implementation of the various social security schemes. It is also responsible for enforcing
this Act. The Act is administered by the State Governments through Commissioners for
Workmen's Compensation.
The main provisions of the Act are:An employer is liable to pay compensation: - (i) if personal injury is caused to a workman
by accident arising out of and in the course of his employment; (ii) if a workman
employed in any employment contracts any disease, specified in the Act as an
occupational disease peculiar to that employment.
However, the employer is not liable to pay compensation in the following cases:If the injury does not result in the total or partial disablement of the workman for a period
exceeding three days.
If the injury, not resulting in death or permanent total disablement, is caused by an
accident which is directly attributable to:- (i) the workman having been at the time of the
accident under the influence of drink or drugs; or (ii) the willful disobedience of the
workman to an order expressly given, or to a rule expressly framed, for the purpose of
securing the safety of workmen; or (iii) the willful removal or disregard by the workman of
any safety guard or other device which has been provided for the purpose of securing
safety of workmen.
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The State Government may, by notification in the Official Gazette, appoint any person to
be a Commissioner for Workmen's Compensation for such area as may be specified in
the notification. Any Commissioner may, for the purpose of deciding any matter referred
to him for decision under this Act, choose one or more persons possessing special
knowledge of any matter relevant to the matter under inquiry to assist him in holding the
inquiry.
Compensation shall be paid as soon as it falls due. In cases where the employer does
not accept the liability for compensation to the extent claimed, he shall be bound to make
provisional payment based on the extent of liability which he accepts, and, such payment
shall be deposited with the Commissioner or made to the workman, as the case may be.
If any question arises in any proceedings under this Act as to the liability of any person
to pay compensation (including any question as to whether a person injured is or is not a
workman) or as to the amount or duration of compensation (including any question as to
the nature or extent of disablement), the question shall, in default of agreement, be
settled by a Commissioner. No Civil Court shall have jurisdiction to settle, decide or deal
with any question which is by or under this Act required to be settled, decided or dealt
with by a Commissioner or to enforce any liability incurred under this Act.
The State Government may, by notification in the Official Gazette, direct that every
person employing workmen, or that any specified class of such persons, shall send at
such time and in such form and to such authority, as may be specified in the notification,
a correct return specifying the number of injuries in respect of which compensation has
been paid by the employer during the previous year and the amount of such
compensation together with such other particulars as to the compensation as the State
Government may direct.
Whoever, fails to maintain a notice-book which he is required to maintain; or fails to send
to the Commissioner a statement which he is required to send; or fails to send a report
which he is required to send; or fails to make a return which he is required to make, shall
be punishable with fine.
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Chapter - 22 : THE MINES ACT, 1952 AND RULES
MINES ACT, 1952
The Mines Act, 1952 applies to mines of all minerals within the country except the State
of Sikkim, including the offshore mines within the limits of territorial water. The Mines Act,
1952 deals with the matters relating to safety, health and welfare of persons employed in
mines including oil mines. The Act specifies the provisions for regulating employment of
persons, leave with wages, duties and responsibilities of owner, agent and manager,
drinking water, First-Aid and rest shelters, medical examinations and occupational health
surveys, notice of accidents and occupational diseases in addition to framing of rules,
regulations and byelaws on specific subjects including the penalty provisions for
violations of this Act.
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Chapter - 23 : THE EMPLOYEE’S STATE INSURACNE ACT, 1948

THE EMPLOYEE’S STATE INSURANCE ACT, 1948
The objective of the Act is to provide for certain benefits to employees in case of
sickness, maternity and ‘employment injury’ and to make provision for certain other
matters in relation thereto. It is applicable to all factories (including factories belonging to
the Government) other than seasonal factories. However, the Act is not applicable to a
factory or establishment belonging to or under the control of the Government whose
employees are otherwise in receipt of benefits substantially similar or superior to the
benefits provided under this Act.
The provisions of the Act enforced both by the Central and the state governments. In
respect of establishments under the control of the Central Government or a railway
administration or a major port or a mine or oil-field, the Act is enforced by the Central
Government, and in all other cases, the State Government.
An insured person or (where such medical benefit is extended to his family) a member of
his family whose condition requires medical treatment and attendance are entitled to
receive medical benefit. Such medical benefit may be given either in the form of outpatient treatment and attendance in a hospital or dispensary, clinic or other institution or
by visits to the home of the insured person or treatment as in-patient in a hospital or
other institution. The cost of medical treatment is shared by the Corporation and the
state government.
The Corporation can set up with the approval of the State Government establish and
maintain in State such hospitals, dispensaries and other medical and surgical services
as it may think fit for the benefit of insured persons and (where such medical benefit is
extended to their families) their families. The Corporation may also enter into agreement
with any local authority, private body or individual in regard to the provision of medical
treatment and attendance for insured persons and (where such medical benefit is
extended to their families) their families, in any area and sharing the cost thereof.
The Corporation may also enter into agreement with any local authority, local body or
private body for commissioning and running Employees’ State Insurance hospitals
through third party participation for providing medical treatment and attendance to
insured persons and where such medical benefit has been extended to their families, to
their families.
The Act applies to every person employed directly or indirectly including contract workers
in connection with the work of a factory or establishment andwhose monthly wage is less
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than Rs 21,000/-. The employee contributes 1.75% of his / her monthly wage and the
eemployer contributes 4.75%of the monthly wage of the employee toThe Employees
State Insurance Corporation. Under the Act the covered employee is eligible for
Sickness Benefit, Accident Benefit, Disablement Benefit, Dependents Benefit, Maternity
Benefit and Funeral Benefit. Under Section 73 of the Act termination of a person during
period of receipt of sickness benefit is prohibited.
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Chapter - 24 : MANUFACTURE, STORAGE AND IMPORT OF HAZARDOUS
CHEMICAL RULES, 1989

MANUFACTURE STORAGE AND IMPORT OF HAZARDOUS CHEMICAL RULES,
1989
The Ministry of Environment & Forests, Govt. of India has notified the rules to deal with
the safety and environmental aspects associated with hazardous chemicals. The salient
features of the rules are as follows :
(i)
(ii)

(iii)
(iv)
(v)
(vi)
(vii)

(viii)
(ix)
(x)
(xi)
(xii)

This rule applies to an industrial activity in which a hazardous chemical,
subject to schedule 1, is or may be involved
The occupier is required to inform to the authority, in schedule 6, of any
major accident caused due to hazardous chemicals occurring on a site or
in a pipeline.
The concerned authority shall undertake full analysis of the major accident
and send the requisite information to the MoEF.
The criteria of industries coming under preview of isolated storage is given
in the schedule 2.
The occupier is required to submit a written report in schedule 7, to the
concerned authority.
The occupier is required to submit safety report as specified in schedule 8.
The occupier shall prepare and keep updated on site emergency plan as
per schedule II, detailing how major accident will be dealt in the industry on
the site.
An off site emergency plan shall be prepared by the concerned authority,
as in schedule 5, to deal with the emergencies.
The importer of hazardous chemicals shall inform to the authority in the
prescribed form.
Authority at the state is to advice to the importer and the concerned port
authority for regarding safety measures to be observed by them.
The importer shall maintain the records of hazardous chemicals as
specified in schedule 10.
The road transportation of hazardous chemicals should be in accordance in
the Central Motor Vehicle Rules 1989.
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Chapter – 25 : OHSAS, 18001
OHSAS, 18001
OHSAS 18001, Occupational Health and Safety Assessment Series, (officially BS
OHSAS 18001) is an internationally applied British Standard for occupational health and
safety management systems. It exists to help all kinds of organizations put in place
demonstrably sound occupational health and safety performance. It is a widely
recognized and popular occupational health and safety management system. It is an
international standard which provides a framework to identify, control and decrease the
risks associated with health and safety within the worklpace.
Its supporters claim that an occupational health and safety management system
(OHSMS) promotes a safe and healthy working environment by providing a framework
that helps organizations to:
(i)
(ii)
(iii)
(iv)

Identify and control health and safety risks
Reduce the potential for accidents
Aid legal compliance
Improve overall performance

The OHSAS 18000 standards provide organizations with the elements of an effective
safety management system which can be integrated with other management systems
and help organizations achieve better occupational health and safety performance and
economic objectives.
BS OHSAS 18001 specifies requirements for an OH&S management system to help an
organization develop and implement a policy and objectives, which take into account
legal requirements and information about OH&S risks. It applies to all types and sizes of
organizations and accommodates diverse geographical, cultural and social conditions.
BS OHSAS 18002 provides guidance for establishing, implementing or improving a
management system which is based on OHSAS 18001 and demonstrating successful
implementation of OHSAS 18001.
OHSAS 18001 can be aligned with existing ISO 9001 and ISO 14001 management
systems. Historically many organizations start with the quality management system ISO
9001, then add the environment management requirements from ISO 14001. Many
organizations now look at implementing all three standards at once which can minimize
costs and disruption.
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Benefits of OHSAS 18001:2007
1.
2.
3.
4.
5.
6.
7.
8.

Improves corporate image and credibility among stakeholders, regulators,
customers, prospective clients and the public
Adoption of international best practice in relation to risk management
Ensures health and well-being of employees, sub-contractors and the public
Minimisation of liability of employers through adoption of proactive rather than
reactive controls
Ensures legislative awareness and compliance
Reduces accident and incident rates by reducing or eliminating workplace
hazards
Improves the incident investigation process
Increases employee motivation through the provision of a safer workplace
and participation process
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Section – D
INDUSTRIAL HYGIENE

Chapter - 26 : INDUSTRIAL HYGIENE – TLV PLACE MONITORING CONCEPT AND
WORK

INDUSTRIAL HYGIENE-T.L.V. CONCEPT AND WORK PLACE MONITORING
T.L.V CONCEPT
Industrial hygiene has been defined as “the science and arts of recognizing, evaluating
and controlling occupational health hazards”. One of the major contributing factors
towards occupational health hazard is the prevalence of the toxic airborne contaminants
in the workroom air. Although all chemical substances are toxic at some concentration, a
concentration exists for all substances from which no injurious effect will result, no matter
how often the exposure is repeated. This concentration has been termed as Threshold
Limit Value (TLV), for all substance present in workroom air. This value is taken as a
guideline to control the exposure to the toxic airborne substances encountered in an
industrial environment. The best practice is to maintain concentrations of all contaminant
as low as possible, ideally a zero level, by applying engineering and other control
methods. But in many industrial situations the achievements of the zero level of the
contaminants in the workroom is uneconomical, inapplicable or impracticable. Hence the
TLVs serve as a practicable guideline to control the airborne contaminants in an
industrial environment. For those substances which are absorbed through skin, mere air
monitoring is not suffice as this doesn’t account for the dermal exposure. In such cases
the total exposure through all the route of entries (inhalation, dermal and oral) is
evaluated by biochemical monitoring ie, by determining the urinary or blood levels of the
toxic substances under investigation or its metabolite. Hence the concept of biological
threshold limit values(BTLV) has been brought forward in the recent years .Currently the
BTLV for some of the toxic substances have been recommended with the view towards
this concept of TLV or BTLV, industrial hygiene study are conducted.
THRESHOLD LIMIT VALUES
Threshold Limit Values (TLVs) for chemical substances in workroom air adopted by
American Conference of Governmental Industrial hygienists (ACGIH) refers to airborne
concentration of substances which believed to have no adverse effect on the health or
comfort of the workers repeatedly exposed day after day.
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Categorization of TLV’S
The TLVs currently have been categorized as follows:
(a)

Threshold Limit Value -Time Weighted Average (TLV-TWA)- the time weighted
average concentration for a normal 8 hours workday to which nearly all may be
repeatedly exposed without adverse effect.

(b)

Threshold Limit Value -Short Term Exposure Limit (TLV-STEL) –the maximal
concentration to which worker can be exposed for a period of 15 minutes
continuously without suffering from (1) irritation(2) chronic or irreversible change
of (3) narcosis of sufficient degree to increase accident proneness, impair self
rescue, or materiallyreduce work efficiency, provided no more than four
excursions per day are permitted with at least 60 minutes between exposure
period and provided that the daily TLV –TWA is also not exceeded.

(c)

Threshold Limit Value (TLV-c) – the concentration that should not exceeded
even instantaneously.

Threshold Limit Values are based on the best available information from industrial
experience from experimental human and animal studies and if possible combination of
the three TLVs are reviewed and revised every year where necessary. The guiding
factors to decide a TLV may differ from substance to substance. In some cases, the
impairment of health may be a guideline whereas reasonable freedom from irritation,
narcosis, nuisance or other form of information available for establishing a TLS varies
from substance to substance the latest “Documentation of the TLV” a separate
companion piece to the published TLVs may be consulted.
TLV of a mixture:
When two or more hazardous substances are present, their combined effect should be
given primary consideration. In absence of information the effect of different hazards in a
mixture should be considered as additive. Thus, if the sum of the following fraction,
C1/C2 + C2/T2 + Cn/Tn exceeds unit, then the TLV of the mixture should be considered
as being exceeded. C1 indicates observed airborne concentration and T1 the
corresponding TLV. Exception to above rule should be made only when there is good
reason to believe that the hazards of the components of the mixture are not additive.
In a special case when source of contaminant is a liquid mixture and the atmospheric
composition is assumed to be similar to that of the original material the TLV of the
mixture (in mg/m3) is computed by the formula:
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TLV (mixture) =

1
Fa/TLVa+Fb/TLVb+Fc/TLVc+Fn/TLVn

Where, F is the fractional concentration of solvents of the mixture.
In the TLV- booklet the substances listed with “skin” notation refers to chemical which
are absorbed through skin and eyes also. Hence appropriate measures for prevention of
cutaneous (skin) absorption should be taken so that the threshold limit value is not
invalidated as this accounts for inhalation route of entry.
Carcinogens with no assigned TLV:
For the human carcinogens viz. chloro-methyl methyl ether,4-aminodiphenyl
(phenylamine)Benzidine, 4-nitrodiphenyl,acrylonitrite and 1,2 – Dibromo-ethane
(ethylene dibromide) yet no TLV has been assigned.
For these substances no exposure or any route i.e, respiratory skin or as detected by the
most sensitive methods are permitted. No exposure or contact means hermitizing the
process or operation by best practicable engineering methods. The worker should be
properly equipped to insure virtually no contact with the carcinogens.
PLANNING AND CONDUCTING INDUSTRIAL HYGIENE STUDIES
While conducting an industrial hygiene study, the evaluation of the industrial
environment is undertaken broadly to (1) to determine level of exposure among workmen
to various atmospheric contaminants. (2) to determine the effectiveness of the control
measures. (3) to investigate complaints. (4) For research purpose.
Preliminary Survey:
The first step in the evaluation of the occupational environment is to be familiar with the
particulars of the operation in the plants or other establishment to be surveyed. The
nature of hazard i.e., sources of contaminants can be judged by raw materials used,
products and byproducts involved in the process. It is also important to observe the
control measures adopted and housekeeping.
Sometimes the visual observation fails to give the correct picture of the industrial
environment, e.g. The most dusty operation may not necessarily be a hazardous
situation. The most hazardous respirable size range dust particles (0.5 to 10/u) cannot
be seen by the naked eyes. The absence of a dust cloud doesn’t, therefore, mean that a
dust free atmosphere exists.
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The sense of smell can be applied to detect the presence of much vapors and gases.
The odors threshold concentration of many substances is greater than the generally
permissible sage exposure levels. Certain gases and vapors like hydrogen sulphide and
carbon tetra chloride can produce sole factory fatigue especially if these are present in
high concentrations.
Sampling of the airborne contaminants:
To have representative samples the following basic question must be answered:
Where to sample
How long to sample
How much sample
When to sample

-

location
duration
number
covering typical operations

The above four questions are discussed below:
1. Samples are usually collected in the following areas:
(a) At the breathing zone of the worker,
(b) In the general atmosphere of the room, and
(c) At an operation itself.
If the purpose is to calculate the average weighted daily exposure the samples
are collected at breathing zone and in the general room air. When the purpose is
to define potential hazard. Check compliance with regulations or obtain data for
central purpose may be collected in the vicinity of the operation itself.
2. The factors which determine the duration of sampling or the volume of air to
be sampled as follows
(a) Sensitivity of the analytical procedures.
(b) The threshold limit value (TLV) of the particular contaminant.
(c) The expected air concentration.
Another considerable necessity in determining the duration of the sampling is that
it should usually represent a complete cycle of operations. This is useful in
determining the operator’s weighted exposure. Another technique is to sample on
a regular schedule e.g. So many minutes every hour. This procedure usually
requires collection of more number of samples than cyclic sampling procedure and
is more or less substituting statistical approach for observation.
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3. The number of samples to be collected depends on the purpose of sampling. The
efficiency of the control measures method is in operation and the other while it is
switched off. On the other hand large number of samples may be necessary to
accurately define average daily exposure for a worker engaged in the particular
operation. The concentration of the air borne contaminant’s also a factor to
determine the number of samples needed. A few samples may be sufficient of the
concentration if definitely high but if it is near TLV, a minimum of 3 to 5 samples
may be necessary to indicate exposure for a certain task of cycle of operation.
Sampling instruments:
The basic requirements of any air sampling instruments are:
(a)

Sources of suction, which may be an electrically or hand operated pump, an
aspirator or squeeze bulb.

(b)

Collecting medium – it should be able to efficiently retain the contaminants to
be sampled by absorption, an aspirator or mechanical retention and control.

(c)

Flow meter to indicate and control the rate of suction of air to calculate the
amount of air sampled. The flow meter attached to instrument must be
calibrated with wet or dry gas meter.

Sampling and analysis of gases and vapors
Sampling method : The two basic methods employed to collect the gaseous
contaminants are :
1)

Use a gas collector, such as an evacuated flask. The collected is released
immediately to prevent loss before the sample is analyzed.

2)

Passing a known volume of gas or air through an absorbing medium to
remove the desired contaminants from the sampled atmosphere. The
absorbing medium chosen, according to its efficiency for a particular
contaminant.

Gas collector sample may be used to determine composition of the atmosphere to
a specific time. However, the later device i.e., passing air through an absorbing
medium should be adopted for collecting continuous samples of a non uniform
atmosphere so that the average composition during a period of time can be
estimated.
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Sampling for the particulates :
The particulates are classified according to their physical state i.e., liquid and solid.
Liquid particles are usually classified as mists but if the size is smaller they are termed
as fog. Solid are categorized as dusts, fumes and smoke. Dusts are formed through
some mechanical process such as crushing drilling and grinding. Fumes reformed by
combustion, sublimation or condestation processes and term is generally applied to
metal oxides of zinc magnesium, iron lead and others. Smoke generated as a result of
combustion of organic material.
Usual sizes of contaminants:
Gases and vapors

0.0005 - .01 microns

Mists

50.0-100 microns

Fogs

1.0 – 50.0 microns

Fumes

001- 100 microns

Dusts

0.1 – 1000 microns

Smoke

0.01 -1 micron

These particulates exhibit similar behavior when airborne. There are various methods
suggested for collecting the particulates including settling, scrubbing, filtration,
impingement, Tyndall effect, electrostatic precipitations, and recently the photometric
methods.
Respirable dust sampling:
The U.S Atomic Energy Commission has defined the respirable fraction of dust in term of
sampling efficiency curve which passes through the following points.
100% efficiency at 2 microns
50% efficiency at 2.5 microns
0%efficiency at 10 microns
Other criteria for respirable fraction of dust adopted by Johannesburg Pneumoconiosis
conference (1959) is defined by a sampling efficiency curve which passes through the
following points
100%efficiency at 1 micron
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50%efficiency at 5 micron
0%efficiency at 7 micron
The concept of respirable fraction, has been applied to the fraction of respired that reach
in the lungs and not the fraction of the air bone dust i.e., literally respirable The various
respirable dust sampling instruments have been developed to evaluate the industrial
environment.
To get the desired respirable fraction two types of elutriators used are : (a) horizontal
elutriator and (b) cyclone elutriator. These elutriators are connected to the dust sampling
of instruments to eliminate the non respirable fraction.
Analytical methods used for the determination of contaminants:
The analytical methods used to determine the concentrations of the desired
contaminants can be divided into two main classes- chemical and physical methods
Chemical methods:
Colorimetric:the principle of this method is developed of the color by a reagent which is
indicative of the concentrations of the substance to be analyzed. Examples of these
methods are determination of zinc, lead, mercury, etc. by di-thiazone extraction.
Ion exchange: By this technique it is possible to separate elements from one and others.
Mercury in urine, fluorine in urine and fluorides sample can be separated foe the further
analysis.
Gravimetric method:this method depends on the formation of precipitation or a residue
which can be weighed .Example is analysis of dust samples for free silica.
Volumetric method: by the use of standard solution for titration. Example is acid gases
which are titrated with basic reagent.
Physical methods: The physical methods widely used for the determination of the
various contaminants are emission spectroscopy, infra red and ultra–violet spectroscopy,
mass spectroscopy, x-ray diffraction, gas chromatograph and atomic absorption
spectrophotometry.
Direct reading instruments for determining concentrations of air borne contaminants:
Colorimetric indicators: The principle of these indicators has been described earlier
under colorimetric method. The three types of colorimetric indicators are being used:
1) Glass indicator tubes containing solid chemicals.
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2) Chemically treated filter paper
3) Liquid reagent

Direct physical method for analysis: Number of direct reading instruments have been
developed by various manufacturing organizations based on the physical methods for
analysis. The various physical method applied have already been briefed earlier.
The factors taken into consideration for selecting particular instrument are simplicity,
specificity, stability and accuracy.

285	
  
	
  

Chapter - 27 : ASSESSMENT OF AIRBORNE CONTAMINANTS IN THE WORK
ENVIRONMENT

SAMPLING AND COUNTING OF DUST

Objec t

: To collect airborne dust samples and to evaluate their concentrations.

Equipment

: Midget impinge, microscope, hemocytometer, cover slips, tally
counter.

Chemicals

: Dust free distilled water and alcohol.

Method:
1. Sampling: Collect airborne dust by midget impinge in 10 ml of water alcohol
mixture (1:1).the rate of collection is 0.1 sq.ft. Per minute as indicated on the
gauge with a vacuum of 12’ of water.
2. Counting: Make up the volume to exactly 10ml with the water alcohol mixture. Put
a drop of this sample on a cleaned and dried haemocytometer in each of the cells.
Cover with cleaned and dried cover sips.
Place the cell on the stage of the microscope and focus it with a magnification of
300x (objective10x, eyepiece 30 x).the counting is done under light field
technique.
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Count all the 25 fields (bound by three lines) and keep a record of the number of
particles with the help of tally counter.
Find a blank of the number of dust particles present in the alcohol-water mixture.
Counter the dust particles in all the 25 fields of both the cells
b + c - a x 105

Concentration of dust:
2

________________
V
Particles par cft of air
Or
b+c -a
2
_____________
10V
million Particles par cft of air (Mppcf)

SAMPLING AND DETERMINATION OF AIRBORNE DUST
(GRAVIMETRICALLY)
Principle
Airborne dust is collected on a pre- weighed on a pre-weighed glass or cellulose
membrane filter paper using a suction pump. Amount of dust is quantitated
gravimetrically.
Equipment/Apparatus
1)
2)
3)
4)
5)
6)
7)

Glass fibre filter papers or cellulose membrane filter paper.
Filter holder (open type)
Chemical balance and weight Loss
Desiccator
Suction Pump
Rotameter
Other laboratory glassware
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Method
Place the filter papers in a desiccator for 2-3 hrs weigh the filter papers by using a
sensitive weighing balance and keep each weighed filter paper in a separate Petri dish.
Mount this pre-weighted filter paper on a filter holder. Connect the filter holder to a
suction pump, adjusted to a known flow rate. Collect sufficient quantity of air, so as to get
appreciable amount of dust for weighing. Amount of air to be sampled can be decided by
knowing sensitivity of balance and probable dust concentration in the air. After sampling
is over, transfer the filter paper to the petri dish. Desiccate and weigh the filter paper.
Record the difference in weight.
Calculation
1) Weight of filter- A mg paper (after sampling)
2) Initial weight- B mg of filter paper
Concentration of dust mg/m3 =

A-B
.
Volume of air (m3)
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Chapter - 28 : BIOLOGICAL MONITORING
BIOLOGICAL ESTIMATION - AN AID TO DIAGNOSIS OF OCCUPATIONAL
DISEASES
Synopsis:
The concentration of a toxic substance or its metabolites present in the biological fluids
of a person is indicative of degree of personal exposure. The concentrations in the
biological fluid of the person exposure. The concentrations in the biological fluid of the
person exposed to sub threshold atmosphere concentration may be regarded harmless.
Based on this consideration the term “Biological Threshold Limit Value” for these
concentrations which if exceeded, indicate excessive exposure. These limits may be
established by correlating the concentration in the biological fluid to with the
corresponding airborne concentration. The other alternate is to correlate the biological
concentration with the clinical observation. The correlation of the concentration in the
biological fluid with the symptom is expected to give more reliable threshold, but the one
drawback is variable individual susceptibility to the toxic atmosphere and excretion of
metabolic. These two variations may not be parallel particularly when metabolic
measured represents but a small fraction is absorbed. The biological threshold limit must
be supported by more extensive evidence. They may be of value particularly when data
of atmospheric concentration are not available or to support a diagnosis of occupational
diseases.
Analysis of biological fluids also reveals the early diagnosis by detecting change in the
concentration of some abnormal natural component or from the presence of the
abnormal component not directly derived from the substance absorbed. Any significant
appearance of abnormal constituent indicates unsatisfactory working conditions.
Blood analysis reveals more reliable information than those performed on urine sample.
The collection of urine is easier but care should be taken to prevent contamination of
sample, particularly when the contaminant may be present in considerable amount on
the skin and clothing. The duration and time for collecting the urine sample depends on
the nature of the bio-chemical test to be performed. Sometimes it may be useful to
collect the pre-exposure and after exposure when the metabolic excretion is faster. In
most of the cases it is desirable to collect the twenty four hours sample otherwise due
correction should be made for dilution on the basis of creatinine concentration and then
apply the correction factor accordingly as rate of creatinine excretion remains same for
an individual.
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Common Biological estimation in the field of occupational health:
1.

Cholinesterase Activity: cholinesterase are the group of enzymes which
catalyses the hydrolysis. The red blood cell and plasma enzyme is pseudo
cholinesterase, because of rapid action not only on acetyl colane, but also
a variety of other eaters. Since red cells and plasma enzymes differ in
physiological function, the analysis therefore should be carried out on
eparated red cells or plasma as required.
The function of acetyl cholinesterase, which is a synthesized in the central
nervous system, is a toxic product. Organo- phosphorous pesticides and
some others chemically combine with the cholinesterase enzyme thus
inhibit the cholinesterase activity.
Estimation of cholinesterase activity as the rate of hydrolysis of the
substrate (usually acetylcholine) under simplified conditions. The enzyme is
aliquot of dilute plasma or red cell hemolysate is allowed to act on acetyl
choline in a standard buffer solution for a measured time (usually 1-2 hrs).
The PH is measured at beginning and at the end of this time. The action of
enzyme on substrate produces acid which lowers the PH of the mixture;
the rate of change in PH is therefore a measure of enzyme that is
cholinesterase activity. The normal value of cholinesterase activity can be
determined from healthy and unexposed persons. For each individual preexposure cholinesterase activity level should be established and periodic
examinations should be made thereafter.
The following table gives some of the routine (frequency 60 days)
investigations to be carried out with blood samples:
BLOOD COMPONENT
Action

Methemoglobin Hemoglobin oxyhemoglobin hemoglobin loss CO Hb
%
gms/100 ml
%
rate %/24 hrs

Warning
5-9
Medical 10 and over
Intervention

below 14.0
13.0 and lower

below 90
below 85

13.0
-

10
20

___________________________________________________________
Met hemoglobin producing substances are Aromatic amines and nitrocompounds.
Met hemoglobin is measured by determining reduction of absorption at
635mu by cyanide addition.
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Hemoglobin reducing substances are lead, arsenic, etc.
2.

Urinary Para nitro-phenol: the estimation of urinary Para nitro phenol is
carried out to find the personal exposure to Benzene and parathion. In case
of parathion the excretion of the Para nitro-phenol indicates the exposure
even before the cholinesterase activity is lowered.

3.

Amino levulinic Acid in urine: In recent days the excessive excretion of delta
Amino levulinic acid in urine has been taken as the indicator of unsafe
exposure to lead. Normal excretion in urine less than 3.0 mg.In 24 hrs.

4.

Urinary CS2 metabolite: The carbon –disulphide metabolite excreted in the
urine catalysis The reaction between sodiumazide and iodine. The normal
urine also contains the sulphur compound that takes part as a catalyst in
the iodine – azide reaction. Thus CS2 metabolites have additiveeffect. By
determining the rate of iodine-azide reaction with the known quantity of
urine under standardized condition, the degree of exposure to CS2 can
be evaluated. Vask has given the formulae.
E

=

C log t Where , E is Exposure coefficient, C is the creatinine
concentration in mg/cc and t is the time in seconds to react 1 ml of
urine.

The unsafe exposure is indicated by the exposure coefficient value less
than 6.5.This value is applied to the urine sample collected for the last two
hours exposure during the end of the shift.
5.

Porphyrins. Excessive increase in the urinary excretion of porphyrin is
considered to be important indication of lead poisoning .The average
urinary excretion of coporphyrin is about 55u/24 hrs, (range 17ug).
The following table represents normal and biological threshold limits of
some of the substances:

Sl.

Substances

No.

Blood

Urine
B.R.L.

Normal
B.T.L.

Mg/1.
Mg/1.

Mg/100ml.
mg/100ml.
1.

Arsenic

-

Normal

-

0.0000.013

1
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2.

Arsenic

-

-

0.0000.013

0.5

3.

Beryllium

-

-

0.000

0.002

4.

Cadmium

-

-

None

0.1

5.

Chromium

-

-

None

0.05

6.

Fluoride

-

-

0.4

5

7.

Lead

0.02

0.08

0.02

0.150.20

8.

Manganese

-

0.01

-

0.001

9.

Mercury
(Inorganic)

-

-

0.0-0.221

0.3

10.

Nickel

-

-

None

0.1

11.

Selenium

-

-

-

0.07

12.

Tellurium

-

-

None

0.02

11.

Uranium

-

-

-

0.05

12.

Vanadium

-

-

None

0.05

(organic constituents)
Sl.

Substances

No.

1.

Benzene

Blood

Urine

Normal
B.T.L.

Normal
B.R.L.

mg/100ml.
mg/100ml.

mg/1.
mg/1.

-

-

(organic sulphate

Sulphate

Determined)
2.

Carbon
disulphide

20%
total

None

0.015

-

of

25% of
Total
sulphate
-
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3.

Lead
tetraethyl (lead determined)

-

0.02

0.15

4.

Methanol

-

-

None

5.0

5.

Toluene (hippuric

-

-

-

1 gms/1

-

-

None

300

acid determined)
6.

Tri chloroethylene
Trichloroacetic
acid
Determined
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GENERAL	
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  OF	
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TRAUMA	
  
Associational	
  

Local	
  

Mechanical	
  

Non-‐mechanical	
  
• Chemical	
  
• Thermal	
  
• Radiational	
  
• Electrical	
  
• Ultrasonic	
  
• Barometric	
  
	
  
	
  

Global	
  

Adnexal	
  
•
•
•
•

• With	
  head	
  injury	
  
(Viual	
  Pathway)	
  	
  
• With	
  Face	
  injury	
  
• With	
  multiple	
  
injury	
  	
  
(poly	
  trauma)	
  

•
•
•
•
•

Corneal	
  
Scleral	
  
Uveal	
  
Lenticular	
  
Pupilary	
  

Congenital	
  
Industrial	
  
Recreational	
  
Travel	
  (R.T.A.)	
  
Criminal	
  
Agricultural	
  
Casual	
  

Pathological	
  

Vitreal	
  
Retinal	
  
Choroidal	
  
Scleral	
  
Pupilary	
  

Open	
  globe	
  	
  
Inj.	
  

Closed	
  globe	
  	
  
Inj.	
  

Post	
  Segment	
  
•
•
•
•
•

•
•
•
•
•
•
•

Orbital	
  
Palpebral	
  
Lacrimal	
  
Con	
  juntival	
  

Structural	
  

Ant.	
  Setment	
  

Environmental	
  

•
•
•
•
•
•

Contusion	
  
Lamellar	
  
Laceraton	
  
E	
  O	
  F	
  B	
  
I	
  M	
  F	
  B	
  
Disloation	
  

•
•
•
•

Rupture	
  
Penetration	
  
Perforation	
  
I	
  O	
  F	
  B	
  

Destructive	
  
globe	
  inj	
  
• Tr.	
  Evisceration	
  
• Tr.	
  Enucleation	
  
• Full	
  thickness	
  lacreration	
  	
  
1/3	
  globe	
  circumference	
  

Present	
  Classification	
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Chapter - 29 : INDUSTRIAL VENTILATION
INDUSTRIAL VENTILATION
OBJECTIVE
The functions which ventilation has to perform can be classified as:
-‐
-‐
-‐
-‐

To maintain the oxygen content of the air and to prevent CO2 concentration
from rising:
To prevent objectionable body odours:
To prevent harmful concetration of aerosols, and
To maintain reasonable conditions of comfort for operations.

Of these, the first two functions are insignificant in industrial environment in that the
requirements of air for achieving the objectives in item (iii) and (iv) will far outweigh the
requirements for the objectives set out in items (i) and (ii).
The chief need for ventilation is to maintain the body heat balance and to provide
reasonable conditions of comfort. The heat balance of the body can be expressed by the
equation:
M=E+R+C+S
Where M = Rate of metabolism
E = Rate of heat loss by evaporation
C = Rate of heat loss by convection, and
S = Rate of heat storage in body.
The standard rate of metabolism for sedentary adults is about 100 Kcal/hr. while for
adults occupied in very heavy work, it is much 775 to 1000 Kcal/hr. Factors determining
the imposed thermal stress, could be seen from the given equation are (i) air
temperature, (ii) temperatures of surroundings, (iii) humidity, (iv) air velocity, (v) degree
and (vi) clothing worn.
Ventilation should aim at:
-‐

Keeping the air temperature of the work room low enough to enable body heat to be
dissipated by convection.

-‐

Preventing excessive humidity so as to assist body heat loss evaporation, and
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-‐

Regulating the rate of air movement so that loss of body head by convection is
facilitated.

From the foregoing discussions, it is evident that ventilation has to perform three
functions –firsly to supply sufficient quantity of fresh air, secondly to distribute the air
satisfactorily throughout the workroom and thirdly, to maintain reasonable conditions of
comfort for the operators. These functions are interrelated and are to be considered in
the design of factory buildings from the point of view of ventilation. Although every case
has to be considered according to its own characteristics and conditions prevailing, the
amount of ventilation required is often governed chiefly by physical consideration for
controlling air temperature air distribution and air velocity and depend generlly on the
following factors:
-‐

Size (including height) and type of room or building and its usage.

-‐

Duration and type of occupants and their activities.

-‐

Heat gain from sun, hot manufacturing process, machinery and occupants.

-‐

Temperature conditions desired inside the building in relation to outside
conditions
prevailing, and

-‐

The operation of the ventilation system.

Ventilation systems are divisible into two main groups (i) natural ventilation and (ii)
mechanical ventilation. Many times mechanical ventilayion is employed to augment the
ventilation obtained by natural means.

NATURAL VENTILATION
Principle
Forces which operate to induce natural ventilation in buildings are due to (I) pressure
exerted by the outside wind, i.e. wind action and (ii) the temperature difference of the air
within and without building i.e. the thermal need causing chimney effect. Yhe force
exerted by wind strikes a building; “positive pressure” is created on the leeward side, i.e.
at the lee of the building, at the sides and over the roof immediately behind the windward
wall. If adequate openings, suitably placed in relation to these pressure areas, are
available, it should be possible to combine the effects of the varying wind pressures and
move air rapidly through and within the building. At or near the windows, rate of air
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movements induced owing to the pressure difference will be high, but at the certre the air
movement will be considerably diminished. It is, therefore important that such areas of
low air movement should be eliminated by increasing the preparation of effecting
opening in the wall and roof and by suitable orientation of the building in relation to the
prevailing winds.
Thermal head sets up the usual convection currents with the movement of warm air
upwards to leave openings in or near the roof, and be replaced to cool air entering at a
lower level.
Cross ventilation
In factory building where the widths are not large, good cross ventilation can usually be
obtained by the provision of large and suitably placed windows or combination of
windows and wall ventilators for the inflow and outflow of air. Since the prime
consideration designing buildings from point of view of ventilation is to provide
reasonable conditions of thermal comfort air movements will have to be sufficiently high
during summer months to bring down the effective temperature of the factory
environments. Considering the phychological principle involved in man’s reaction to hot
weather, it si felt that air movements of 45 to 60 meters (150 to 250 ft.) per minute
should be aimed at to improve comfort.
Area of openings
The method of calculation of ventilating area based on number of occupants does not
have sound basis for the following reasons. As pointed out earlier, the main
consideration in providing ventilation in an industrial building is to maintain conditions
inside the work rooms which assist the maintenance of thermal equilibrium of the body
and also afford reasonable comfort to workers. The heat load from persons within the
room is generally very small considering the heat gains from other sources such as sun,
hot manufacturing processes, machinery and lights nad and therefore, it is not sound to
base the rate of ventilation on the number of occupants.
It is difficult to evolve a common standard which will be applicable to all cases. For
factories where there is no excessive heat gain either due to manufacturing are of 15%
in arid regions and 25% in humid regions. It is also a good working rule that about half
the ventilating area should be between floor level and a height of 2.25 meters (7’ – 6’)
from the floor and so arranged that there will be passage of air across all parts of the
building. The rets of the ventilating openings may be provided under the caves or at the
glazing of the roof.
Roofed ventilation
Cross ventilation by provision of windows and wall ventilators is suitable only for narrow
factory builds or work places. In large buildings roofed ventilation would be required. The
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most common means adopted for effecting ventilation through ventilating areas in the
roof is by natural ventilation induced by thermal head causing chimney effect. However,
the chimney effect is counteracted when the wind blew straight against these roof
openings. Such interference can be prevented by suitable altering the desing of the
ventilating openingsin in the case of pitched roof and saw tooth roofed buidings. In the
case of monitor roofedbuildings, the ventilators in the glazings should be opening and
closing type so that the ventilators on the windward side can be kept closed to prevent
direct draughts of air interfering with upward flow of air.
Wind action in any direction does not cause interference with chimney effect but
supplements ventilation by creating suction wind jump.
Cowl Type Roof Ventilators
Natural extraction of air from buildings can be obtained by the provisions of cowl type
roof ventilators also. The performance of the roof cowls depends on the difference
between the temperature of the external and internal air, on the height of these
ventilation above air intake, on the velocity of the external wing and on the crosssectional area of the ventilators.
An example of a modern roof cowl is the Robertson Ventilators shown in figure given in
the next page. As will be noted the circular wind band around the ventilator causes a
wing jump resulting in an upward draught of air from inside the building which
supplements the ventilation due to chimmey effect depending on the height of the
ventilator above the intake openings in the side walls.
Capacity of this ventilators for a 60 cm (24 in.) diameter cowl in relation to temperature
difference, hight of ventilator above intake and velocity is given by the equation :_____________________________
Q = A (3.3√ 5.9H (tl-to) + 0.0035V )
Where Q is expressed in cu. Meters/min. ais the croos-sectional area of the ventilator is
sq. meters, H is the height of the ventilator above the inlets in meters, till and to are the
internal and outside temperatures in oc and v is the wind velocity in kilometers/ hour.
Another type of cowly ventilator is the rotating cown ventilator shown in figures below
which is intended to produce the same effect. The type illustrates is carefully balanced
and provided with a large reservoir for lubricant so that it does not get jammed or seized
and needs attention only at long intervals.
Mechanical Ventilation
Ventilation by natural means is not always parcticable in which case ventilation by
mechanical means is resorted to work places where ventilating openings cannot be
provided due to their situation with respect to surrounding buildings or due to the process
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carried on in them and large building where natural means fails to provide the necessary
ventilation, are examples where mechanical ventilation would be necessary. Mechanical
ventilation is brought about by either one or both of the following two methods:
-‐

Ventilation through windows or other openings owing to the suction created by
the exhaust air, and

-‐

Positive ventilation by means of a fan or blower.

Exhaust Ventilation
Ventilation by this system can be effected in the case of narrow rooms by providing
exhaust fans at suitable intervals in one side wall and adequate inlet openings in the
opposite wall. Care should be taken to see that adequate inlet openings are provided so
as to minimize draughts caused by high inlet velocities, and to avoid drop in efficiency of
the system. The total inlet area should be least three times the total disc area of the fan.
The exhaust fans should be provided with wind shields on the outside of the wall so that
wind pressure may not decrease their efficiency. They should at the same time, not
restrict from discharge of air. Effective protection from wind can be given by having the
fans to discharge waterprotection at the top. The arrangements mentioned above are
shown in the following sketches. Windows and other openings near the fans should be
kept closed as otherwise fans will draw air supply from these openings and thus cause
short circuiting which is a very common fault with this type of ventilation.
Exhaust ventilation can be provided in larger workrooms by having a fan of adequate
capacity extracting air from the interior of the rooms by means of suitably placed ducting.
Exhaust ventilation is often used in cobination with natural ventilation so as to effectively
ventilate work rooms where natural means alone will not be sufficient to provide
adequate ventilation in all portions of the rooms.

Plenum Ventilation
Compared with extraction system, plenum ventilation afford more complete control of
atmospheric conditions inside the factory. Plenum system is useful where extraction
system cannot be readily applied as in very large departments of work rooms. In this
system of ventilation, air is forced into the building by means of a centrifugal or other
type of pressure fan and is distributed through suitable placed ducts. This system has
various advantages. The supply air can be conditioned, if desired, before it is passed
into the plenum chamber and ducts. The slight positive pressure set up with the building
prevents inward leakage of warm or cold outside air. The volume of air movement that
can be set up by – plenum ventilation is many times more than what is possible by
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exhausting. Also better dilution of contamination and lower operation exposure can be
achieved with a well designed supply system than with exhaust, since the supply can be
directed to the important sources of contamination and good circulation without
accessory equipment. Air supplied from supply inlets or the location of the supply should
not be such as to disturb the air flow at local exhaust hoods. Ducting should be so
designed and laid as to convey the air as directly as possible at suitable velocities at the
same time due regard to economy of material and power. Ducts should be smooth and
as straight as possible. Sharp bends and sudden enlargements and contractions should
be avoided. For changing the direction or dimensions od a duct, the angle between the
sides and axis of the duct should newer exceed 300 and preferably be not more than 150.
The velocities depend upon the nature of the installation and the extent of quietness
required.
The air inlets should be designed and the discharge velocity should be such as to cause
eddy crrents and to remove “dead spaces”. The air velocities should not be excessive to
the extent of interfering with the manufacturing process or of causing unpleasantness but
there should be currents of sufficient strengh and variability so as to provide a pleasant
environment. Good distribution is often achieved by using diffarers at the inlets. Another
method of distribution used in industry with plenum system is to deliver air is obtained
and more distribution of the air caused. Excessive draughts can be avoided by the
nozzles discharging horizontally at a little height above the heads of the workers.
Combined plenum and Extraction Systems:
Better control ventilation is obtained by this system of ventilation, in wider buidings,
bysupplying appropriate quantities of air and at suitable velocities at the required areas
by plenum ducts and extracting the air into return ducts and sometimes re-circulating this
air after properly mixing it with cooled fresh air, completely satisfactory ventilation can be
obtained. In a combined supply and exhaust system it is preferable to provide slightly
excess of exhaust, if are adjoining occupied spaces and slight excess of supply, if there
are no such spaces.
Mechanical roof ventilation:
Powerful mechanical roof ventilators of unit type are increasingly being used for
augmenting natural ventilation in building with large widhts or where the heat load is very
heavy. When these are provided, it is important that the openings within their area of
influence should be closed to avoid short circulating exhaust very little influence beyond
a velocity control of about 15m/min. (50ft./on.) which is just a short instance from the fan.
The amount of Air Required:
(a) Based on Heat Gain: The amount of ventilation required can be calculated
on the basis of total heat gains from sun, not manufacturing processes,
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machinery, and occupants within the builsings, determining in advance the
temperature rise which would be acceptable. The volume of air required in
removal of sensible heat gain (in kcl. Per hour) can be calculated from the
formula
Q = __kcal/hr.x. 0577_______
Temperature rise in
Q=

_____B.Th. U/hr._____________
Or Q = 1.08 x Temp.rise in

Where Q is the cases, the sensible heat load will for exceed the latent heat load
(resulting from moisture given off by occupants and processes) so that the capacity
of the ventilating equipment can be calculated in most cases on the above equation.
Though very little data exists on allowable temperature rise values for air change for
comfort in summer months, the values given in Table serve as good rule of thumb.
Allowable Temperature-rise Value
_______________________________________________________________
Roof elevation in meters
Rise in 0C
_______________________________________________________________
12 (40feet)
6.7-11.1(12-20 0F)
9(30feet)
4.4-6.7(8-12 0F)
6(20feet)
2.8-4.4(5-8 0F)
_______________________________________________________________
Conditions are limited to a) Supply air outlet not more than 3 or 4.5 meters above
floor;
(b)

Light or medium heavy manufacturing operations and c) freedom from radiant
heat.
Temperature = roof exist temperature – outdoor temperature.
The above values refer mainly to roof exit. Temperature rise are not indicative
of floor temperature. The recommended maximum allowable temperature rise
for an air stream as it leaves the grils and reaches the working level is 1.70C
(3.00F).

(c)

Base on contaminants: though general ventilation is not appropriate methods
in dealing with toxic chemical contaminants arising out of processes, this type
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of ventilation (diluteventilation) is used generally to control contaminants such
as the vapours from less toxic solvents. The amount of ventilation rewuired for
dilution can be determined if the amount of the contaminant escaping into the
environment per hour and its toxicity is known.
Cooling of supplied air:
The quantity of air required for ventilation as indicated above could be reduced, if the
outside air is cooled before the air is discharged into the building. Refrigeration is very
expensive, however evaporative cooling may be adopted with advantage particulary in
acid regions where summers are dry with low wet bulb temperature.
Control of Heat Exposures:
Besides providing good general ventilation, it would be necessary in many industrial
situation to adopt other additional means for giving relief from heat to the workers.
Control at source:
The first obvious step for mitigating the effects of heat is to eliminate the heat sources
wherever possible or to segregate them. Some of the hot process equipment could be
placed out of doors with only a protective roof. The location of furnaces in separatewings
rather than in a large single building will simplify the problem of supplying air for general
ventilation. These wings may have high roof to provide better chimney effect for the
removal of hot air over the furnaces.
Local Exhaust Ventilation:
Another method of removing the heat from the source is providing ventilated enclosured
such as canopy or exhaust hoods by which natural convection column of heated air rises
from a hot process environment. This will minimise the temperature rise in the space
around the hot process.
Insulation
The insulation of furnace and other heat producing equipment will not only reduce the
amount of heat exposure but also result in the consequent saving in fuel consumption. If
all the heat produced by process is released into a workroom and the heat production is
constantno amount of insulation around the process will bring about reduction in heat
exposure. The insulation will be of value only when heat produced has several avenues
of escape, the dissipation into the workroom being only one of these. Insuch cases, a
combination of insulation and exhaust or gravity ventilation will often be quite effective.
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Control of radiant heat:
In some industries commonly referred to as “hot” industries, the frequency of very hot
objects and surfaces such as furnaces, oven furnace stacks, molten matrial, hot ingots of
metal, castings, and forging in such that the major environmental haet load is in the form
of rediant heat which may be several my be several times greater than the convective
head load. No amount of ventilation with or with or without air cooling will reduce the
heat exposure since air temperature has no significant influence on the flow of radiant
heat. The only effective control is the direct one of decreasing the amount of radiant heat
impinging on the exposed workers. This can be accomplished by either lowering the
surface temperature of the hot equipment (by insulation or by water cooling) or by
radiation shielding. A shield is simply a sheet of material, opaque to the infra-red waves
(or essentially so) placed between a hot object such as furnace and work surroundings.
The shield should not contact the radiating surface and the presence of a ventilated air
space between the hot object and the shield to avoid heating of the shield by conduction
and to remove the heated air in between. Materials best suited for radiant heat shields
are those with surfaces that maintain the high reflectivities for radiant heat and low
emissivities under plant condition. Sheet alluminium has these properties, it is the most
common material used for radiation shielding.
Roofs of corrugated iron sheets or of asbestos cement sheets get heated by sun in hot
weather and act as content sources of heat, the major portion of which is radiant heat.
Control of this type of heat exposure may be achieved by lowering the surface of the roof
by one or more of the following methods.
-‐

Insulating the roof by providing a layer of material of low conductivity.

-‐

Shielding by the provision of a false roof or ceiling with sufficient air space
ventilated to
outside atmosphere.

-‐

White-washing or white painting the exterior surface of the roof.

-‐

Spraying of water intermittently over the roof to cool it by evaporation.

Openings and glazings in the walls and roof through which sun’s rays could directly
penetrate in summer should as far as practicable be screened.
Local certain situations when a general reduction of heat exposure throughout the plant
is not feasible and at the above methods such as exhayst ventilation and radiation
shielding have not brought down the thermal environment to a tolerable degree, relief
may be provided locally i.e. at the work places by surrounding the exposed workers with
an acceptable thermal environment bt providing positive. The following three methods
may be employed depending on the work situations:
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a)

Providing a complete enclosure around the worker with a separate ventilation in
order to maintain cooler working conditions. This may be in the form of airconditioned control room, small shelter booth, or ventilated crane cab.

b)

Surrounding the worker with a relatively cool atmosphere by a direct supply of air
introduced at the working level or over a small area of the plant.

c)

Directing a high velocity air steam at the worker when the air is capable of
absorbing heat i.e. either its dry bulb is reasonably lower than the body
temperature or its humidity is low enough to allow evaporation of sweat.

Personal Protection and Shielding
In certain operations, such as glass enameling particularly by dry process, the workers
may be required to work within reach of hot objects which may be at temperature of 8000
(14720F) or higher and the time required for operation may reach 20 minuts. In such
situation, protective clothing and protective shields of heat refiecting type can be used for
controlling heat explosures. The protective clothing is generally made of aluminized
asbestos cloth usually backed up with felt or other insulation material. Aluminized fibre
glass is also effective. The operator may be equipped with matts, leggins, sprons,
jackets, helmets and special arm sleeves according to specific operations. The protective
clothing must not be very heavy and should be flexible enough to permit free movement,
and only those parts of the which are facing the hot objects need be covered.
Protective shield faced with alluminium when interposed between areas of high radiant
exposure and workers have also proved successful in many cases.
This shield consists of a wood frame baked with light gauge metal and plywood and then
covered with alluminium foil of sufficient thickness to withstand wear and tear. The
shields which may be portable or semi-portable according to the work situations have
sometimes been preferred to use of blowers or fans and personal clothing.
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Local exhaust ventilation

Local exhaust ventilation is one of the most important methods of control of atmospheric
contaminants. The principle is to create a sufficient movement of air to withdraw
contaminants at point of origin and them to a safe point for disposal. An exhaust consists
of four major parts:
-‐

Hoods or enclosures near source of contaminant.

-‐

Ducting to connect hoods into system.

-‐

Collection equipment.

-‐

Fan.

Dust is usually more difficult to control these gases, vapours, mists, and fumes. Dusty
operations tend to project particles so that the hood must provide velocities sufficient to
draw them into the exhaust system. Exhaust hoods should enclose the processes
completely as possible or the hood should be located to take advantage of the
directional effects of the dust flow. Dust removal systems generally require higher air
velocities and dust of heavier gauge metal than those designed for gases. Hoods or
enclosures may be in the form of booths, canopiece, lateral hoods, down draft through
grill openings below the process or elect type hoods. The object is remove the
contaminants without it through the breathing zone of the operators and with minimum
interference with processing.
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Ducts connect the hoods to the central fan, distribute the air flow in direct proportion to
the requirements of each inlet, and maintain adequate pipe velocity to convey the
contaminant to the point of discharge. The system should be balanced so that each hood
draws the proper amount of air. Areas of branch pipes and main ducts can be calculated
to find correct air velocities through the system. Material used for ducts resist abrasive
action of dust or corrosive effects of gases and corrosive effects of gases and vapours.
Sharp turns induct take extra power and cause a large pressure drop. Traps with cleanout gates should be provided at the bottom of vertical runs, and clean-out gates or
regular intervals on the bottom side of horizontal runs.
Fans should have a capacity slightly higher than calculated requirement to allow for
leakage in the system accumulation of material on fan blades, and similar difficulties.
Where the contaminant is hot and has a natural tendency to rise and the operation can
be provided with an effective enclosures type hood, natural draft ventilation is often
satisfactory.
Low volume high velocity exhaust systems can be used advantageously to extract
contaminants dispersed by the use of portable tools.
Collection Equipment
A suitable collection equipment for collection of the contaminants is essential in exhaust
systems to avoid pollution of outside air. The equipment to the chosen will depend upon
the type of contaminant to be collected, the quantity of it and the degree of efficiency
required. The types of collecting equipment commonly used are a) dry type centrifugal
collector b) scrubbers c) electro-static precipators and d) fabric filters.
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Chapter - 30 : PERSONAL PROTECTIVE EQUIPMENT (PPE)

PERSONAL PROTECTIVE EQUIPMENT

LEGAL REQUIREMENTS:
In the Factories Act 1948 there are specific provisions for providing the personal
protective equipment to the workers who are exposed to unsafe and unhealthy
environment. The provisions of law relating to use of personal protective equipment in
different operations and processes are framed in such a spirit that the workers working
on the operations and in the processes are protected against possible hazards. It is also
the intention of the law that these personal protective equipments shall be of such type
and made of such materials that it withstand to such specific hazards for which it is
actually being used.
NEED FOR PERSONAL PROTECTIVE EQUIPMENT:
In industry it may be possible to substitute a dangerous substances with a safer
substance, to isolate the process, to have automatic and mechanical handling of the
substance or to have controlled ventilation of the process or to plan and arrange
operation that personal protective equipment are not necessary, but sometimes it may
not be possible to introduce such measures or there might be a breakdown in the plant
or in the control measure. Under such circumstances it will become necessary to use
personal protective equipment. It must be borne in mind the personal protective
equipment do not eliminate a hazard. These devices are designed to interpose an
effective barrier between a person and harmful objects, substances or deviations.
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REQUIREMENTS OF PERSONAL PROTECTIVE EQUIPMENT:
Requirements of suitable personal protective equipment can be listed as under:
-‐
-‐
-‐
-‐
-‐
-‐
-‐
-‐
-‐
-‐
-‐

Nature of the hazard
Severity of the hazard
Type of contaminant
Concentration of the contaminants
Duration of work
Location of the contaminated area with respect to a source of respirable air
Expected activity of the wearer
Operating characteristic and limitations of the equipment.
Reliability of the equipment
Acceptance of the wearer
Cost of the equipment

TYPE OF PERSONAL PROTECTIVE EQUIPMENT:
Personal protective equipment may be divided into two broad groups :
i) Non-respiratory protective equipment
ii) Respiratory protective equipment
NON-RESPIRATORY PROTECTIVE EQUIPMENT:
Personal protective equipment for various parts of the body can be divided into five
broad groups.
HEAD PROTECTION
Head protectors may be hard hats and caps made of alluminium. PVC fibre glass,
laminated plastic or vulcanized fibre. They may be fitted with brackets for fixing welding
masks, protective face screen, or a lamp. The hats and caps are provided with
replaceable hardness which provides sufficient clearance between the top of the head
and shell.
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EQUIPMENT: HATS, CAPS & HELMETS
Material

Hazard

Asbestos

:

sparks, hot materials heat

Plastic rubber

:

hot liquids, moisture, acids, alkalis, electric shocks &
dermatitis

Cotton wool

:

sparks and heat, dermatitis and machinery

Metal

:

falling objects, flying particles, cuts and abrasions

Plastic

:

Sparks, falling objects, flying particles, electrical shock,
cuts and Abrasions

Safe caps and hoods are also used for protection against heat, spark, and other
dangerous materials and are made of appropriate materials. Sometimes hoods are
made with rigid frame which is held away from the head.
EYE AND FACE PROTECTION:
Numerous eye injuries are caused by dusts, flying particles and harmful radiations. it is
difficult to cover precisely the various processes in which the workers may be required to
wear goggles. The hazards encountered may be:
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Relatively large flying:
Chipping, felting, riveting, sledging, caulking, etc.
Dust and small flying objects:
Scaling, grinding, stone dressing, wood-working.
Splashing of metals:
Babbitting, pouring of lead joints, casting of metals, galvanizing and dripping in molten
metals.
Splashing of liquids gases & fumes:
Handling of acids and other chemicals.
Reflected light, glare and radiant energy:
Foundry work, glass furnaces, gas welding and cutting are welding.
Eye protectors may be safety spectacles, mono-goggles, impact goggles, chemical
goggles, gas tight goggles, face shields, welding helmets, etc.
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HAND AND ARM PROTECTOR:
Protection of hands and arm becomes necessary when workers have to handle
materials having sharp and sharp edges or when hot and molten metals, chemicals and
corrosive substances have to be handled. The protective equipment may be quantlet
gloves, wrist gloves mittens, hand pads and thumb and finger guards and sleeves. It is
important not only that the various parts of arm and hand are adequately covered, but
that they should be covered by a material suitable for withstanding the specific hazard
involved.

I.

EQUIPMENT : SLEEVES, WRISTLETS
MATERIAL

II.

HAZARD

Asbestos

:

sparks, hot materials and heat

Chrome Leather

:

sparks, hot materials, and hot liquids, flying particles,
cuts and abrasions. Flame proofed duck sparks, hot
materials, heat flying particles, and machinery.

Plastic

:

hot liquids, moisture, acids and alkalis and dermatitis

Rubber

:

hot liquids, moisture, acids and alkalis, electric shock
and dermatitis.

Chemical materials :

acids and alkalis

Reflective Fabric

hot liquids

:

EQUIPMENT: GLOVES, MITTENS, HAND PADS AND FINGER GUARDS
MATERIAL

HAZARD

Asbestos

:

sparks, hot materials and heat

Chrome Leather

:

sparks, hot materials, hot liquids, flying particles, cuts
and abrasions.

Rubber

:

hot liquids, moisture, acids and alkalis, electric shock
and dermatitis.
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Plastic

:

hot liquids, moisture, acids and alkalis and dermatitis

Metal Mesh

:

cuts and abrasions

Cotton

:

cuts and abrasions
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FOOT AND LEG PROTECTION:
Adequate protection may have to be provided to the workers employed in certain jobs.
Risk of injury may be in handling of heavy materials, caustic and corrosive liquids, wet
conditions, molten. Etc. Common foot and leg protective equipment are safety shoes and
boots, leggings, foot-guards and leg guards.
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III.

EQUIPMENT: PAINTS, KNEE PADS, LEGGINGS
MATERIAL

HAZARD

Asbestos

:

sparks, hot materials and heat

Chrome Leather

:

sparks, hot materials, and hot liquids, flying particles,
cuts and abrasions.

Flame proofed duck :
machinery.

sparks, hot materials, heat flying particles, and

Plastic

:

hot liquids, moisture, acids and alkalis and dermatitis

Rubber

:

hot liquids, moisture, acids and alkalis, electric shock
and dermatitis.

Fibre metal

:

sparks, flying objects, flying particles, cuts & abrasions
& machinery

Chemical resistant :

acids and alkalis

Reflective Fabric

hot liquids

:

EQUIPMENT: SHOES AND BOOTS
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MATERIAL

HAZARD

Steel toe caps

:

falling objects

Non-skid

:

moisture

Wooden soles
and alkalis,

:

hot materials, heat, hot liquids, moisture, acids
slips and fall, and cuts and abrasions.

Chrome leather

:

sparks, hot materials, heat and hot liquids.

Rubber

:

hot liquids, moisture, acids and alkalis, electric
shock and dermatitis.

Conductive rubber

:

explosive

BODY PROTECTION
Sometimes it becomes necessary to provide special protective equipment for the body in
the form of aprons, over all, jackets and complete head to toe protective suits. Nature of
potential hazard, degree of the hazard involved and nature of activities of the user
concerned are important considerations in the selection of safety clothing. Although
complete coverage of the body and legs is not needed in many cases and unnecessary
safety clothing may hamper the efficiency of the user, no compromise should be made
with strict safety requirements. If a user needs complete coverage, he should have it.
EQUIPMENT: COATS, APRONS & WAISE
EQUIPMENT

HAZARD

Asbestos

:

sparks, hot materials and heat

Chrome leather

:

sparks, hot materials, and hot liquids, flying particles,
cuts and abrasions.

Plastic

:

hot liquids, moisture, acids and alkalis, electric shock,
dermatitis & machinery

Rubber

:

hot liquids, moisture, acids and alkalis, electric shock,
dermatitis machinery

Canvas

:

flying particles, cuts and abrasions and machinery
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Chemical resistant :

acids and alkalis fabric

Reflective

hot liquids fabric

:

RESPIRATORY PROTECTIVE EQUIPMENT
Atmospheric contaminants range from the relatively harmless substances to toxic dusts,
fumes. Smokes, mists, vapour and gases. Processes which present hazards of exposure
to harmful substances should, if possible, be closed or ventilated to eliminate or minimize
the hazard. If enclosure, ventilation or other engineering means of control are not
possible or become very costly to apply to the degree required to ensure safety,
respiratory equipment should be provided to the workers exposed to possible hazard.
Even though engineering measures of control are applied satisfactorily, a supply of
appropriate protective equipment should be readily available for use, as there will be plant
breakdowns and repairs may have to be carried out in environments. Respiratory
protective equipment should be considered a last resort, or as stand by protection and
never a substitute for effective engineering control.

CLASSIFICATION OF HAZARDS
Type of hazards to which a worker is exposed is the basis of selection of the right type of
respiratory protective equipment. The hazards may be classified as under:
(a)

Atmosphere in confined spaces such as vast tanks. Holds of the ships, etc.
may contain air with oxygen content much lower than the normal (21% by
volume). This may be due to dilution or displacement of the air by other
displacement of the air by other gases or vapours or because of loss of
oxygen due to decay of organic matter, chemical reaction and natural
oxidation over a long period of time. A person breathing
air
with
oxygen content of 16% or less may exhibit symptoms ranging from
increased rate of breathing, acceleration of pulse rate to unconsciousness
and death. Such oxygen deficiency conditions can easily be detected as
the flame of a safety lamp will beextinguished in such atmosphere. The
respiratory protective equipment, in such condition, should either supply
normal air or oxygen to the wearer.

(b)

Gaseous Contaminants
These may be toxic or inert gases. The toxic gases may produce harmful
effect even if they are present in relatively low concentrations. The inert
gases produce undesirable effects primarily by displacement of oxygen.
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(i)

Gaseous contaminants immediately dangerous to life:
These contaminants are gases present in concentrations that would
endanger life of a worker breathing them even for a short period to
time. In other worker, a gas is immediately dangerous to life if it is
present in higher concentration. Where it is not possible to
determine the extent of concentration or the kind of gas is not
known, all gases should be considered as immediately dangerous
to life’.

(ii)

Gaseous contaminants not immediately dangerous to life:
These contaminants are gases present in concentration that could
be breathed by a worker for a short time without endangering his
life but which may cause possible injury after a prolonged single
expose or repeated short exposure. But even after the
concentration of the contaminant is known, no exact formula can be
applied to determine if the contaminant is immediately dangerous to
life or not.

(c)

Particular contaminants (dusts, fumes, smokes, mists, fogs)
Majority of particulate contaminants are not immediately dangerous to life.
They may be solid, liquid, or a combination of solid and liquid and may be
classified into three broad groups.
(i)

Toxic particulate contaminants
These when inhaled may pass from the lungs into the blood stream
and are then carried to the various parts of the body. The effect may
be chemical irritation, systematic poisoning or allergic reactions.
Common contaminants in this group are antimony, arsenic,
cadmium, chronic acid and chromates, lead and manganese.

(ii)

Fibrosis – producing dusts
These dusts do not pass into the blood stream but remain in the
lungs and may cause pulmonary impairment. The common
examples under this group are asbestos, coal, bauxite, and free
silica.

(iii)

Nuisance dust
These may dissolve and pass directly into the blood stream or may
remain in the lungs neither producing local or systematic effects.
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(d)

Combination of Gaseous and particulate contaminants
The gaseous and particulate contaminants may be entirely of different
substances like carbon-monoxide and oxides of nitrogen produced by
blasting and the dust from the blasted material or they may be the same
substances in liquid and vapour form like liquids.

TYPE OF RESPIRATORY PROTECTIVE EQUIPMENT
Respiratory protective equipment may be classified as indicated in the Annexure I.
(I)

Airline Respiratory:
Airline Respirator consists of a face piece (half or full mask or a loose fitting
helmet of hood) to which air is supplied through a small diameter hose. It
may be a continuous flow type or a demand type.
(a)

In a continuous flow type
Air is supplied continuously to the face piece helmet or hood.
Exhaled air or the excess air entering the face-piece escapes to the
atmosphere. Air supplied should be atleast 110 litres of air per
minute to enter the face-piece at least 170 litres per minute to enter
the helmet or hood.

(b)

In a demand type
Respiratory air is supplied to a face-piece when the wearer inhales
and the rate is governed by his volume rate of breathing. Air
compressor cylinder of composed air is supplied to the face-piece
through a demand valve, which is situated by the slight negative
pressure created when the wearer inhales. On exhalation the
demand valve close and exhaled air escapes to the surrounding
atmosphere through exhalation valve. Helmet or hoods are not used
with demand type respiratory.
Airline respirators provide protection so long as the air supply is
maintained but the wearer’s travel is restricted by the length of the
air supply hose. Care should be taken to ensure that the air supply
is respirable and is not contaminated and is free from objectionable
odours, oil or water mist and rust particles from the supply line.
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(2)

Suction Hose Mask
It consists of a full face-piece connected to a large diameter flexible hose.
The wearer draws in air by his own breathing effort, the hose is attached to
the wearer’s body by a suitable safety harness with safety line and the air
inlet end hose is provided with a filter to arrest particulate matter. Air can
be drawn in by inspiratory effort of the wear upto 30ft.lenght of the hose.

(3)

Pressure Hose Mask
This hose mask is similar to suction hose mask except that the air is forced
through a large diameter hose by a hand or motor – operated blower. The
blower is to be operated continuously while the mask is in use.

(1)

Self-contained compressed air or oxygen breathing apparatus
This is an equipment by means of which wearer obtains respirable air or oxygen
from compressed air or oxygen cylinder which is an integral part of the apparatus.
In a type self-contained breathing apparatus, air or mechanism only when the
wearer inhales and the quantity of air or oxygen admitted is governed by his
breathing. The wearer’s exhaled air escapes to the surrounding atmosphere.
In compressed oxygen cylinder re-circulating – type breathing apparatus, high
pressure oxygen from the cylinder passes through a pressure reducing valve into a
breathing bag. The wearer inhales this oxygen through a one-way breathing valve
and his exhaled breath passes into a canister containing chemicals to absorb
exhaled carbon dioxide and moisture and then through a cooler into the same
breathing bag. Oxygen enters the breathing bag from the supply cylinder only when
the volume of gas in the bag has decreased sufficiently to allow the supply valve to
open.
From respiratory point of view, self-contained breathing apparatus has no limitation
as to the concentration of the gas or deficiency in the surrounding atmosphere but
other factors or may limit the time that the water can remain in a contaminated
atmosphere. Many gases are very irritating to the skin and many can be absorbed
in dangerous amounts through the unbroken skin.

(2)

Oxygen regenerating Recirculating type self
In this apparatus moisture content from the wearer’s exhaled breath reacts with
granular chemical in a canister to liberate oxygen. Also the exhaled carbon dioxide
is absorbed by the chemicals in the canister. This oxygen enters the breathing bag
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from which the wearer inhales through a corrugated breathing tube connecting the
bag to the face-piece.

Air Purifying Respirators
(I)

Canister Gas Mask
This consists of a canister, containing appropriate chemical, a full face-piece and
body harness to hold the canister in place on the body of the wearer. Air is drawn
through the canister by the wearer and during its passage through the canister the
contaminant present in the incoming air is absorbed in the chemical. The canisters
are designed for specific gases and it is very important type is used.

(2)

The canister gas mask can only be used in atmosphere not deficient in oxygen and
not containing more than 2% by volume of most toxic gases. Also, the life of the
canister will depend upon the type of canister, the concentration of gas and activity
of the wearer, like canister gas mask, chemical carriage respiratory provides
respiratory protection for a period than depends on the type of cartridge used the
concentration of the gas or vapour, and the wearer’s activity. It is recommended for
low concentration gases and vapours (maximum of 0.1% of organic vapour).

(3)

Self-rescue type Respirators
This is designed to provide the greatest possible respiratory protection consistent
with practicability of carrying the device at all times so that it is always available for
use during escape. It consists of a small filter element, a mouth piece, a nose clip
and means of carrying conveniently on the body. The filter elements are similar to
chemical cartridge. The extent of protection aforesaid is between that provided by
canister gas mask and that provided by a chemical cartridge respirator.

(4)

Mechanical filter Respirators
These remove particulate matter from the inspired air which passes through a filter.
These filters may be of the single use or re-usable type. If these respirators are
used in heavy concentration of particulate matter, the filter will be clogged with dust
particulate too quickly and they may have to be replaced every now then. Micro
filters are special filters designed to arrest ultra microscopic size of dust particles
and these are used where extremely fine dusts are encountered.

(5)

Combination of chemical and mechanical filter
Respirators: They remove toxic gases and vapours and particulate matter from
inspired air. Example of their use is in spray painting work.
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SELECTION OF RESPIRATOR
The following factors should be considered:(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)

Nature of the hazard
Severity of the hazard
Type of contaminant
Concentration of the contaminant
Period for which respiratory protection must be provided
Location of the contaminated area with respect to a source of respirable air
Expected activity of the wearer and
Operating characteristic and limitation of the available respirator (Annexure II)

Instructions in the use of respirators, among other thing, should include the following
aspects:(a)
(b)
(c)
(d)
(e)

Why it is to be used;
How it is to be used;
Checking that it is in good operating condition;
Fitting or respirator;
Proper use and maintenance of the respirator;

RESPIRATORY PROTECTIVE EQUIPMENT TEST FACILITIES AVAILABLE AT
CENTRAL LABOUR INSTITUTE, SION, MUMBAI-400 022.
Realizing the needs and problems faced by the manufactures in the country, a respirator
testing laboratory has been established in the Central Labour Institute at Mumbai under
the Ministry of Labour. This laboratory undertakes the testing of indigenously
manufactured respiratory protective under prescribed test conditions. This laboratory is
equipped with facilities for testing breathing resistance, face –place leakage, exhalation
valve leakage, filtration efficiency against a standard dust, tuff of canisters and cartridges
against known concentration of specific gases or vapour.
The performance standards suggested in the USA are generally followed. This
laboratory presently out the above tests and submits factual performance reports to the
manufacturers. We naturally expect that the manufacturers would submit the improved
versions within a reasonable time for testing.

324	
  
	
  

ACKNOWLEDGEMENT
Thanks are due to Shri K.S. Raghupathi, Director and Chief Technical Adviser, Asian
and Regional Pacific Project for Labour Administration and Shri A.K. Chakraborty,
Director General, Factory Advice Service & Labour Institutes, for the permission to
present this paper at the Sub-regional Course for Labour Administration Officials and
Inspection Services for the improvement of working condition, Health & Safety held at
Central Labour Institute, Sion, Mumbai-400 022 (India) from 12th to 30th April,. 1982.

325	
  
	
  

Chapter – 31 : HEAT STRESS

HEAT STRESS - MEASUREMENT AND CONTROL
NTRODUCATION
Problems of heat stress are very common in some industries such as. Iron and Steel
Mills, Glass and Ceramic Units, Forge shops, Foundries, Bricks and Tiles Fact
Thermoelectric plants, Cements, Coke ovens, Laundries, Mines and many others. There
are many work places in these units where artificial hot climates are deliberately created
for requirement of some process.
Whenever an individual is exposed to heat stress condition, there is a resulting strain
due to considerable changes in many physiological reactions as ‘sweet production’,
‘increased heart rate’ and ‘higher core temperature’ etc. The greater the stress level the
greater is the degree of strain experienced.
It is well known that prolonged exposure to excessively high temperature is a serious
hazard to the health of an individual. High heat stress disturbs the thermal equilibrium of
the body, and consequently produces many adverse physiological reactions in man. The
condition becomes very alarming when high degree of industrial heat combines with the
metabolic heat arising out of heavy physical work performed by the workmen, particularly
during the summer months. Work under such conditions not only produce undue strain
and fatigue but also result in progressive decline in efficiency and productivity. It, is
therefore, of prime importance to investigate this problem in order to ascertain and
quantify various contributory factors, and mitigate them, as for as possible, by suitable
measures.
In general terms, the ‘heat Stress’ of any given working situation is considered as the
combination of all the factors, both climatic and non- climatic/personal which lead to
convective or radiative heat gain to the body or which limit or prevent the ‘Heat
Dissipative mechanism’ of the body.
According to ‘World Health Organization’ the ‘Heat Stress’ is the load of heat that must
be dissipated by the body, if it is to remain in thermal equilibrium, it is represented by the
sum of the metabolic rate (minus external work) and the gain or loss of heat by
convection, radiation or the evaporation of sweet, these factors being governed by the
temperature, humidity and movement of the air temperature of the surrounding walls and
object.
It is an important evaluates the degree of heat stress imposed on the human body by a
certain environment in order to determine whether it is within the safe limits or is harmful
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and to ascertain the need for improvement by adopting suitable control measures. Many
indices have designed for the effective evaluation of heat stress conditions which are
used in occupational situations.
HEAT - EXCHANGE PHENOMENA AND HEAT-BALANCE
The heat on the human body results from two types of heat load – (i) External Heat
(Environment Heat) and (ii) Internal Body Heat (Metabolic Heat).
The environmental heat load result basically from two mechanisms: ‘Conduction
convection’; ‘C’ and ‘radiation’, R. Besides, the human body generates heat due to
intracellular oxidative by the process(metabolism), the metabolic heat, M. which is a
combinations of heat generated by the basal metabolism and that resulting from physical
activity. In order that the body maintains ‘internal thermal balance’, the metabolic heat
load must be dissipated and this cans achieved through conduction, convection and
radiation (depending on environmental conditions, the body may gain or loss heat
through these mechanisms). In addition, heat can also be lost by the body through
another mechanism- the evaporative cooling(E), which the cooling effect of the
evaporation of perspiration from the skin (the evaporation of the liter of sweet remove
580 kcal heat from body to the surrounding environmental).
Heat Balance
Heat exchanges between the human body and its environment follow certain physical
laws and can be expressed by mathematical equation, properly known as the heat
balance equation which can be represented as follows:
M + C+ E =S
Where M is the heat of metabolism depending on the amount of physical involved in the
task.
C = Convective heat gain or loss
R = Radiant heat gain loss
Both C&R depend on the climate conditions of the work environment.
E = Evaporative heat loss, it partly depends on the rate of sweating and partly on climatic
conditions of work environment, especially the humidity and vapour pressur on the
surface of the skin. Sweat produced on to the surface of the skin gets evaporated when
the vapour pressure on the skin is higher than that of the surroundings. Providing relief
to the individuals. Air movement enhances evaporative heat loss.

327	
  
	
  

S= Amount of heat gain or loss by the body. When there is het balance, there is no
storage of heat (S = O and accordingly the equation may be represented as:
M+C+R-E =O (or M+C+R=E)
This would mean that heat generated internally, as well as heat received from the
external environment though convection and radiation could be dissipated solely by
evaporation of sweat. Obviously the sweat production should be much increased and
this situation would place a definite strain on the human body.
Factors Responsible for Heat Balance: Climatic and Non-Climatic:
Climatic Factors: Environmental factors determine as to how, and as to what extend, the
metabolic heat can be last to the outside environment, or as to hoe and as to what
extend the body will gain heat from the environment around, since:
C- Depends on ambient air temperature and movement of air.
R- Depends on the mean radiant temperature of hot equipment or process heat.
E- Depends on ambient air temperature, humidity and air movement.
The thermal environment (climatic factors), therefore comprise the four climatic
parameters (i)Air temperature, (ii) air humidity (iii)air movement, (iv) radiant heat.
The above parameters need to measured simultaneously and at the same spot
considering the location of the workers’ expose.
Non-climatic factors : In addition to the climatic factors as stated above there are also
other factors(Non-climatic) to reckon with(i) the ‘rate of work’, (ii) whether or not an
individual is acclimatized, (iii) the ‘amount and type of clothing work’,(iv)’physical fitness
level of the individual workers’ (v) ‘age’, (vi) ‘sex’, etc. which are likely to modify the level
of discomfort or distress and consequently the ‘heat strain’ developed among the
individuals exposed to such environment.
MEASURMENT OF HEAT STRESS
Measurement of Environmental (climatic) Factors (Stress Parameters)
Heat has been on record as a hazard to main since biblical times. However, it is only in
the late few decades that national means have been developed for evaluating the
stresses of hot environment identifying the contributing factors and predicting the result
physiological strain.
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Air Temperature: The temperature is expressed in degrees Celsius(Co), or degrees
Fahrenheit (0F), and can be measured with the help of mercury thermometers,
thermocouples, thermistors and resistance thermometers. The mercury thermometers
are most widely used which are very simple, and more convenient than other types,
particularly from the cost point of view, but very fragile, requiring care in handling.
Air humidity: The air humidity can be estimated from the absolute and relative humidity
values. Whereas the absolute humidity indicates the actual amount of water vapour in
the air (expressed in grams of water vapour per cubic centimeter), relative humidity is the
percentile ratio of the amount of moisture present in the air and amount that the air could
hold if saturated and at the same temperature.
Psychrometer- Instrument used for measuring air temperature and humidity:
The psychrometer basically consists of two thermometers –a ‘dry bulb’ and a ‘wet bulb’over which air passes at a certain speed. Dry bulb thermometer is just a liquid (most
frequent mercury) in a glass thermometer. Wet bulb thermometer is a similar one, but
having its bulb covered by a cotton wick. The wick which covers the bulb of one of the
thermometers is fully wetted with distilled.
The psychrometer is placed at the point of measurement and air at a certain is speed
passed the bulbs. When air passes over the thermometer bulbs, the reading in the dry
bulb remains unchanged, while reading in the wet bulb decrease until equilibrium is
attained. The air movement which directly influences the evaporation of water from the
wick, will have a cooling effect, thus decreasing the temperature in the wet bulb, referred
to as the ‘depression of the wet bulb’. The air velocity over the bulbs must be sufficient to
ensure that equilibrium is reached rapidly.
The temperature values in both thermometers are read and recorded as ‘dry bulb’ and
‘wet bulb’ temperature which are plotted on to a psychometric chart, and the values for
relative humidity, few point and absolve humidity can be obtained.
Sling psychrometer(Whirling hygrometer)
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This is a very simple instrument in which the thermometers are mounted in a sling. The
air movement over the bulbs is made by whirling the whole assembly. It is recommended
to whirl at about 60 revolutions per minute. Usually one minute is enough to get the wet
bulb thermometer to its lowest reading. After checking the reading, it is advisable to whirl
a few more times, and check if the wet bulb temperature remains the same. If it
advisable to whirl a few more times, and check if the wet bulb temperature remains the
same. If it continues to fall, the process should go on until the reading is stabilized.
Aspirating Psychrometer:
This instrument is basically the same as the sling psychrometer. However, the air is
circulated over the bulbs by means of an aspirator bulb to eliminate error from manual
rotation. The same precautions as for the sling psychrometer should be applied.
Air movement:
Instrument to measure air velocity are generally anemometers. The air velocity is
measured from the culling power of the moving air. These are very useful for evaluation
of heat stress because they also measure non-directional, turbulent air movement which
is important for heat transfer. Example of instruments in this category is: (i)
Katathermometer, (ii) Anemotherm air meter (ii) Alnor thermos anemometer.
Katathermometer:

This instrument was designed, by Dr. William Hill Kata to measure the cooling capacity
of the surrounding air, which depends on its movement whether linear or not. The kata
thermometer is an alcohol, (liquid) in glass thermometer with a large bulb and an upper
reservoir with two marks on the stem. These instrument are made for different ranges
(1050-1000F, 1300-125oF, 150o-140oF), and hence the selection should be made bearing
in mind the thermal conditions before its use. The kata thermometer can be used to
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evaluate the cooling power of the air movement even for very low air velocities- round or
below 0.25 m/sec (50fpm)
Operation
-‐ The bulb is warmed (usually by placing it in warm water) until the alcohol dilates
and fills up the whole thermometer (until about 40oC).
-‐ The thermometer is then carefully dried and placed at the sampling site.
-‐ Due to the cooling effect of the air movement, the alcohol will contact, in a time
interval inversely proportional to ‘cooling capacity’ of the air (air movement).
-‐ The time elapsed from the moment the alcohol passes by the upper mark to the
moment reaches the lower cooling time –is determined by means of a stopwatch.
-‐ The values of the ‘cooling time’, ‘air temperature ’and ‘instrument factor’ (kata
Factor, marked on each katathermometer) are combined though equations or
nomograms to calculate the air movement.

Radiant Heat:
The mean radiant temperature of the surrounding Is calculated –not measure. The
values for this calculations are the ‘air temperature’ (dry bulb), the ‘globe temperature’
(Temperature read in a globe thermometer) and the ‘air velocity’.

Globe Thermometer (Vernon Globe)
The instrument consists of a hollow sphere made of metal ‘copper’ (Globe – with a
diameter of 15 cm (or 6 inches) painted in a matte black to absorb as possible of the
incident infra-red radiation. A thermometer is inserted in the globe so that the bulb (or
sensing element is located at its center).
Operation:
-‐ The globe is suspended, at the point of measurement, about 1.20 m (4 ft) above
the ground, with as little as possible with any other solids. Thus the gains heat by
radiations and losses by convection (not conduction).
-‐

When thermal equilibrium is reached, which usually takes about 25-30 minutes,
the reading in the thermometer will give temperature (tg). The mean radiant
temperature (tw) can then be calculated, if necessary, from globe and air
temperature, and air velocity. For most practical application, the globe
temperature (tg)is required.
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HEAT STRESS INDICES
In order to assess the total heat stress imposed on man by any working environment, an
integrated approach evaluating both the climatic and non-climatic factors is imperative.
This is in fact based on several factors which are likely to influence the het – exchange
between man and his environment. In view of this many heat stress indices have been
evolved from time to time. These are in the form of either designing instrument which act
as integrating mimics of human body or development formulate or nomograms to
estimate the stress inflicted by a wide range or conditions of work and climate or quantify
the physiological strain in response to these stress. The common heat stress indices
which are mostly used for the assessment of the thermal environment are as follows:
-‐

Effective Temperature and Corrected Effective Temperature (E.T. & C.E.T.)

-‐

Wet bulb temperature(WBGT)

-‐

Oxford index

-‐

Predicted – 4 hourly sweat rate(P4SR)

-‐

Belding – Hatch Index (HIS)

Effective and Corrected Effective Temperature (ET/CET) Scales:
‘Effective temperature’ (ET) is a sensory scale of warmth, compiled from the readings of
dry & wet bulb temperature and air velocity from temperature and air velocity from
standard nanograms. The temperature thus arrived at corresponds to temperature of still
air saturated with water vapour which is supposed to give the same sensation of warmth
as that experienced in the environment question, meaning thereby that if an individual is
hypothetically exposed to this temperature under 100% RH and with still air movement,
the exposed individual will have the sensation of discomfort as he is experiencing under
the environmental conditions actually recorded.
In situations where there is radiant heat source, the black globe temperature is
considered instead of dry bulb temperature and the scale thus, constructed effective
temperature’ (CET).
The ET/CT scale are modified depending upon the amount of clothing worn by the
individuals such as ‘Normal Scale’ and ‘Basic Scale’ which, can be constructed from two
different nomograms. The ‘basic’ scale refers to ‘men stripped to the waist’ and ‘normal’
to ‘men who are fully clad in indoor clothing’.
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The measurement could be made by connecting the air temperature (DBT) or Globethermometer temperature (in case it is more that DBT) and the wet-bulb temperature and
noting the point at which this line intersects the family or curves running diagonally
upwards from left to right at the appropriate air-velocity.
The scales are simple and widely used. However, the scales satisfactory only in mild
heat stress provided that there is a circumscribed range of relative-humidity. For climate
having relative-humidity of less than 40%, the scales cannot be used. Moreover, the
scales exaggerate the effect of high dry-bulb temperatures in air movement of up to
3.5m/sec. and underestimate the deleterious impact of low air-movement in hot humid
environment. It is well known that widely different climates having same ET/CET values
do not impose the same physiological strain. Furthermore, the scales do not provide any
allowance for different rates of energy expenditure.
Oxford index
This index of heat stress has been devised to assess the severity of hot humid
conditions of the working place particularly where the ventilation is poor.
This has been expressed by a simple weighting as follows:
WD=0.15d+0.85w,
Where WD=Weighted value, d & w are dry and well bulb temperature respectively.
Predicted Four Hourly Sweat Rate (P4SR
This index is based on the assumption of the amount of sweat that would be perspired
by a physically fit and acclimatized young man in the conditions under review cover a
period of four hours. It takes into account the ‘metabolic level’ and ‘type of clothing’ in
addition to the climate factors, unlike other indices mentioned earlier. But this has the
drawback the cumbersome nomograms are to be referred to, and thus lacks which is
essential in a practical situation.
Since the physical activity level on the shop floor will remain almost constant, we may
make use of the indices like CET/ET or WBGT in our control program.
It is thus evident that the heat stress indices like ET/CET, P4SR, Oxford index, etc. even
though regarded as the useful indices for the evaluation of stress have inherent
shortcomings and limitations. As a matter of fact some of them require expensive
equipment and /or are difficult to determine in industrial work. An index which has
received much attention in recent years, and has been officially adopted by some
countries, is the ‘west Bulb-Globe Temperature Index’. It also has limitations, but has the
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definite advantages of being very easy to determine to requiring simple and inexpensive
equipment.
Wt Bulb Globe Temperature (WBGT) Index

It embraces in a single value the effect of ‘radiation’ and ‘ambient air temperature’ and
‘humidity’. It is the weighted value of wet and dry bulb temperature and globe
thermometer readings, calculated using temperature measurement alone, thereby
eliminating the need to measure air velocity.
The wet bulb-globe temperature index was initially developed to provide a simple
method for the assessment of heat stress among the military personnel. The basis for
this index is that the Wet Bulb-Globe Temperature (representing the environmental heat
load) is combined with the work load (representing the metabolic heat load) by plotting
the values of both parameters on a co-ordinate system and evaluating the resulting
points in relation to curves established according to the concept of prescribed zone, as
described by Lind. For Continuous exposure over 8 hours, the limiting curve is the
‘Upper Limit of the Prescriptive Zone (ULPZ) Line’. This curve is such that it represents
the upper limit for combination of environmental conditions and workloads that do not
cause an increase in the core temperature to above 380C in 95% of average
acclimatized individuals. In the ‘Prescriptive Zone’ the deep-body temperature is
determined only by the workload (physical activity) and is practically independent from
the environment, while in the ‘Environment Driven Zone’ the deep body temperature
becomes sensitive to small changes in environmental climatic conditions.
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Equipment: The instruments required for the determination of the WBGT are:
-‐
-‐
-‐

Dry-Bulb Thermometer (for measurement outdoors in sun shine only).-ta
Globe Thermometer. -ta
Natural wet bulb thermometer. –tn wb.

One of the advantages is that it excludes the use of anemometers and eliminates the
problem of obtaining average air velocities (which is not very practical in some
situations).
Natural wet bulb thermometer (tn, wb)
This instrument consists of mercury –in-glass thermometer, whose bulb is covered by a
highly absorbent fabric wick, woven cotton being the most suitable. A recommended
range for the thermometer is – 50 C to 500C, with 0.50C graduations. The accuracy
should be at least + 0.50C. The wick extend s over the stem of the thermometer about
one additional bulb length (or about 3 cm) and it must be long enough so that (a) its
other end can be immersed in distilled water, which is kept in a container underneath,
and amount 2.5 cm of wetted wick remain exposed to the air (between the top of the
container and the bottom of the bulb).
During the operation, the wick must be kept wet its top, which is usually achieved by
keeping its loose end in the distilled water. However, under to hot and/or too dry
conditions, this may become difficult and additional wetting of the wick may required (by7
means, for example, of a washing bottle or similar).
The ‘natural ‘wet bulb thermometer is exposed to natural air movement. Country to the
‘set-bulb thermometer’ there is no artificial air movement over its bulb. Also, the natural
wet bulb thermometer is not shielded from radiant heat.
Procedure: The steps to be followed for the determination of the WBGT are:
-‐

-‐

-‐

the wick must be thoroughly wetted with distilled water about thirty minutes prior
to the measurement. This is accomplished by means of a syringe, washing bottle
of similar container with distilled water.
the loose end of the wick is kept in touch with the distilled water in the open
container , so that it will be kept wet all the time through capillary. In very hot dry
environments, capillarity may not be enough to maintain the wick wet and it tends
to become dry. In such situations, it is necessary to wet the wick, at intervals, by
means of a syringe or washing bottle containing distilled water.
The natural web bulb thermometer is than placed in a vertical position, at the
measuring point, as well as the globe thermometer.
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-‐

-‐
-‐

-‐

For outdoor measurements, a dry bulb thermometer is require, in which case a
shield must be provided to protect its bulb against sunm or other eventual infrared
radiation sources.( The natural wet bulb thermometer is unshielded against
radiation).
When the reading of the natural wet bulb thermometer stabilizes, which usually
takes about 20-25 minutes; it gives the natural well bulb temperature tn wb.
When the reading of the of the globe thermometer stabilizes (in about 20-25
minutes) it gives the globe temperature, tg. If a dry bulb thermometer is used, its
reading, its reading, when stabilized, gives the air temperature ta..
The WBGT can then be calculated, through an equation.

As a guideline for estimating the time required for a survey, it should be kept in mind
that, for each set of measurements, at least 30 minutes are necessary. Therefore, under
the best conditions and assuming that distance between sampling sites are not great, a
maximum of 15 or 16 determinations can be expected to be carried out during 8 hour
working day, for each set of instruments.

RECOMMENDATIONS :
-‐
-‐
-‐

The thermometer must be kept in a position
The wick for the natural wet bulb thermometer must be kept clean, should be
changed and washed, as necessary.
There should be no restriction to the air flow around the bulb.
Fundamental Equation:
WBGT = 0.7 + 0.3 (tg-ta)
WHERE
tnwb = natural wet bulb temperature
tg = globe temperature
ta = dry bulb temperature
K = coefficient, whose value varies.
(Value for K is related to the clothing or the type of skin).
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(a)

For outdoor exposures with solar load
Minard has proposed a simplified formula (which has been adopted, for
instance, by the American Conference of Governmental Industrial
Hygienist ( Threshold Limit Values) as follows:
WBGT = tnwb +0.2tg + 0.1ta

(b)

Indoor exposures or outdoor exposures with no solar load
In this case, K takes the value of 1 and the equation becomes:
WBGT = 0.7tnwb + 0.3 tg

(c)

Time weighted average WBGT (WBGTtwa)

When environment conditions vary significantly, or the workers move through places and
jobs that cause different levels of heat stress, a time weighted average WBGT should be
calculated as follows:
WBGTtwa =

(WBGT1)t1+ (WBGT2)t2 +…………… (WBGTn)tn
------------------------------------------------------------------------------------------

t1 + t2 ………………………..tn
WBGT1 = WBGT determined for situation or location 1
WBGTn = WBGT determined for situation or location n
T1, t2--tn = time spent respectively, in location 1,2……..tn.
Time weighted average WBGT values must be calculated on an hourly basis, if the heat
exposure is continuous, and not for an 8 hour period. A very extreme heat exposure for
over 1 hour might cause health impairment. An inappreciable exposure for the rest of the
shift might bring the calculated time weighted average WBGT to a value even blow the
permissible level but damage would already have been done to the worker’s health. For
intermittent heat exposure, this time weighted average can be calculated on a 2 hourly
basis.
In some cases, where the worker is exposed to a wide and variable range of
environmental conditions, it may be very difficult to determine a meaningful time
weighted average WBGT.
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Permissible Heat Exposure
Permissible heat exposure threshold limit values recommended for use in the United
States are given in the following table:
Permissible heat exposure threshold limit values
(Values are given in oC WBGT

Work – Rest regimen

Light

Continuous work

30.0

75% work

30.6

25% rest each hour

30.6

heavyMode

26.7

25.0

28.0

27.9

31.4

29.4

27.9

32.2

31.1

30.0

50% work

25% rest each hour

Work load

31.4

25% work

25% rest each hour

CONCLUSION
The determination of the WBGT index is very simple and relatively inexpensive. The
items of equipment required are usually found on the market. Auxiliary personal can be
trained to carry out the measurement but must be supervised by an experienced
professional.
CONTROL
Legal Provisions:
Recalling the importance of the problem arising out of the industrial heat, and its
relevance to health and safety consequences of the workmen in the industry, the section
13 of the Factories Act, 1948 (modified up to 1987) inter alia states that “ Effective and
suitable provision shall be made in every factory for securing and maintaining in every
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work-room (a) adequate ventilation by the circulation of fresh air, and (b) such a
temperature as will secure to workers therein reasonable conditions of comfort and
prevent injury to health” .
Model Rule 22 prescribed under the section 13 on ‘Ventilation and Temperature’
stipulated that in any factory the maximum wet-bulb temperature of air in work-room at a
height of 1.5 meters above the floor level shall not exceed 300C and adequate air
movement of at least 30 meters per minute shall be provided, and in relation to dry bulb
temperature, wet bulb temperature in the said height shall not exceed that shown in the
schedule detailed below.
Dry-Bulb Temperature

Wet-Bulb Temperature

300 - 340C

290C

350 - 390C

28.50C

400 - 440C

280C

450 - 470C

27.50C

This means to be adopted under above provisions call for the following measures that:
(i)
(ii)
(iii)
(iv)

Walls and roof should be of such materials which will prevent from undue rise
in temperature.
The process responsible for production of excessive industrial heat should be
as far as possible segregated from other departments.
The hot surface should be insulated.
Methods such as white-washing, spraying or insulating and careening the
outside walls, etc. raising the level of the roof, or insulating the roof either by
the providing double-roofing or by the use of insulating roof-materials should
be introduced.

Scientific Measures:
When the environment temperature is beyond the permissible limits, certain control
measures need to be taken to improve the working conditions for optimizing efficiency
and productivity. The following are a few of them.
Use of suitable thermal barriers:
When it is difficult to control the process-temperature at source due to operational
requirement, the best method that could be visualized is the use of some suitable
thermal barriers between the heat source and the workers to cut down the radiant heat.
339	
  
	
  

Finding of a scientific study in an engineering plant in U.K. have shown that the globe
temperature reading could be brought down from 71.70C to 43.30 C by use of some
reflective shielding made of aluminum sheet metal coated with aluminum paint. A recent
study in a Railway Smith shop in India reported remarkable reduction in radiant heat load
by 40 to 50 percent and the physiological strain by around 30 percent when ‘Calcium
Silicate-insulation block’ was used.
Personal protective Clothing:
The use of professional protective clothing seems to be last resort for providing comfort
to the workmen as there is hardly any suitable protective clothing for the tropical workers.
Findings of a recent study in forging –units in western India reported favorable results
while ‘Aluminum Fabrics-suit’ was used by the Furnace workers. The physiological strain
was reduced by 50%.
Reduction of Metabolic Workload:
Since the physical work adds to the problem of heat stress any manual task, particularly
of server nature, should always be avoided, if possible, by adoption of mechanization.
Scientific studies have reported considerable reduction in cardio-vascular strain among
the workers after introduction of partial mechanization in some tasks.
Provision of Air-conditioned Rest Room:
A satisfactory recovery can be observed when the rest is taken in a comfortable place
after the cessation of work in heat. Findings of a study in an aluminum company in
Canada revealed that both cardio-vascular strain and body temperature remained well
within the limits of safety, when the rest was taken to the comfortable rest-rooms.
Provision of Cold Drinking Water:
The worker should be educated and advised to take plenty of cold water very frequently
to replenish the fluid loss due to heavy sweating during work in heat. Provision should,
there, be made for easy available of cold water very close to shop floors.
Selection Criteria:
The heat should be likely to impose undue stress on the cardio-vascular system and
thus workers with strong body build and high levels of physical fitness should be
selected for hot operations. Person reported to be suffering any cardiac diseases should
be for hot-tasks.
Findings of a study in a steel mill in 1970s in USA gave fairly established the correlation
between the ‘Physical fitness levels’ and ‘heat tolerance limits’. Performance decrement
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was repotted more among the workers with relatively low of fitness than those with high
degree of fitness.
Periodical Check-up:
Frequent periodical check-up is also necessary to assess the physical fitness levels of
individuals exposed to hot environment to ensure whether they are still fit to work under
such environment.
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Section -E
STAFF TRAINING AND PRODUCTIVITY
Chapter - 32 : HEALTH OF EXECUTIVES
Health of the executives has received considerable attention in recent years. And that
too for good reasons. Business cannot afford to be run by executives who are not fit. On
their decisions depends not only the prosperity or loss of the business but also the
maintenance of good human relations and the fate of the numerous employees. A
sudden death of the executive means, sudden dislocation of the smooth running of a
business and leaves avoid that cannot be easily filled socially in a developing country.
Business, therefore, is genuinely interested to see that the men who guide its destinies
are kept hundred percent fit.
One other factor that has helped the subject to attract public attention is the panic
created by press and incomplete survey reports on executive health. These reports have
created such a frightening picture that executives themselves have started believing that
they must pay the penalty or being an executive in the form of ill-health and sudden
death. People have started calling a group of ailments as “executives”. The typical
executives, according to these reports, is under severe strain subjected to constant
heavy pressure of modern business, is tired, tense and over worked. As a result, he
develops ulcer, sleeplessness, high blood pressure and meets with an early and sudden
death.
Fortunately, over the years, this picture of executive health has undergone changes as a
result of scientific investigation. Studies have been undertaken by Medical Association
life Insurance Companies and industrial medical officers in different countries, mainly in
the Unites States and the United Kingdom. A fund of information has accumulated as a
result of extensive group health studies, researches and periodic health check up reports
of executives. These studies point out that the executive is no worse off than any other
occupational group, he does not die younger- in fact he has a higher life expectancy.
The worst that can be about his health is that he is subjected “to the same hazards to
health as doctors, lawyers, civil servants” and all those who belong to the higher income
group (or social class I)’. To consider their health problems in any other way would be
obscure realities and separate them in an arbitrary an invalid fashion from their fellows
who do not work in industry and commerce”(O’ Dwyer).
In a study undertaken by Lee and Schneider it was found that there was significantly less
arteriosclerotic diseases among executives than expected and no relationship between
level of responsibility and incidence of either hypertension or microbial infection was
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seen. Possibly executives as healthier than other workers to start with or have means of
releasing their tension or take proper care of themselves than other workers.
TABLE - I
Arteriosclerosis and hypertension among executives and non executives
DISEASES

HYPERTENSION

To Exec.
Exec.

11%
9%

All Exec.
Non Exec.

12%
15%

Arteriosclerosis:
To Exec.
Exec.
Minor Exec.
All Exec.
Non Exec.

11%
9%
13%
12%
15%

Myocardial Infarction:
To Exec.
Exec.
Minor Exec.
All Exec.
Non Exec.

4%
4%
3%
4%
5%

1,171 Male executive and 1,203 non executives of whom, 563 were females. R.E .lee
and R.F. Schneider Journal Of Medical Association page 1147 July 19th, 1958.
This information may deprive a few executives of the pleasure of considering themselves
‘martyrs’ (of affluence) , but it is very heartening to know that there is nothing about this
occupation that might bring about an early death and infirmity; in fact in many respect the
executives are much better placed. Our experience in this country is similar to the
findings of the Western Countries; we find not only the mortality rate amongst our
executives to be less than the other groups in the factory but that the executives suffer
from less number of illnesses as well.
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This does not means that nothing needs to be done about the health of the executives.
In fact there is much that can be done to enjoy better health, to increase fitness and to
avoid some of the ailments that affect them. A positive approach to health and sober
living habits may avert a large number of ailments that are common to them. There are
many illness and deformities that come un- obtrusively and make their presence known
only when they are far advanced. Take for examples diabetes. If this disease is detected
early and simple steps taken, like controlling the diet, then one can easily prevent its
further progress, keep it under control and lead a perfectly normal life. There is a host of
other diseases of this category. To detect them early, a thorough check up or health
supervision must be undertaken periodically. There is nothing unusual in this advice. We
insist that the machines used in factory or our car engine should be periodically checked
and attended to for proper maintenance .we know that such checkups would avert a
major disaster. If this is necessary for an engine, should not be more necessary, but is
essential if we want to remain healthy and hundred percent fit. Table II will show the
value of this examination.
TABLE - II
Incidence of diseases of defects of the same group of employees detected
during periodic health surveys.

Age Group

Detected during first
Health survey

Detected during next
health survey after two
years

19 to 28

9 percent

3 percent

29 to 38

27 percent

9 percent

39 to 48

36 percent

11 percent

49 and above

57 percent

20 percent

When we first examined a group of people, we found a large number of them having
some minor defects or disease in a dormant form in spite of the fact that all of them have
undergone a rigorous pre employment examination at the time they were employed.
However, when they were told about these minor defects, most of them took steps to
correct these themselves. The result of examination two years after the first one showed
the number of cases where corrective steps have been taken by the employees
themselves.
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It is immaterial who arranges this check up. If the company we work for does not provide
such facilities (most progressive concerns do) then it should be arranged with your own
doctors. The important thing to remember is that it should be done periodically by a
competent man with a view to detect diseases and deformities in an early stage. It has
been argued that to be effective, this examination should not only include a thorough
physical examination but also extensive laboratory tests should be undertaken. Opinions
differ regarding how extensive these tests should be. The general consensus of opinion
today however, is that a thorough physical check up with some laboratory tests like
examination of urine, blood, stool, x-ray of chest are generally sufficient for a young
health executive further investigations should be undertaken only when these are
indicated during the physical checkup. Our experience confirms this view but we think
some special should be included as age advances. With advancing age, certain special
disorders are more likely to make their appearances. An ECG Examination after 45
years likely to make of age, a thorough search for early appearances of cancer in certain
organs or bone changes in joints should be undertaken as age advances.
The need for increasing the frequency of these checkups also increases with advancing
age. We think that these above 40 years of age should have a check up every year,
while those below this age group may have it every 2-3 years. This of course is a ‘rule of
thumb’ and one should be guided by one’s own doctor. The time for medical checkup is
also the time when inoculations and vaccinations should be taken for protection against
epidemics like small pox, cholera, typhoid etc. that unfortunately still visit our country.
It is not early to detect diseases particularly those that have functional or emotional
origin. One must therefore help the doctor by confiding in him and hiding nothing. Full
cooperation is necessary. It is not sufficient to restrict discussions to physical ailments
alone. A frank discussion about one’s problem at home, office and friends that are
affecting emotionally, is also necessary. Only then the doctor can give useful health
counseling which need not be restricted to physical health alone- guidance and first aid
to emotional health are equally vital.
A significant point to remember about periodical medical examination is that it only
detects what is present but cannot predict about future ailments. A normal healthy heart
today doesn’t mean that it cannot diseased in future- hence the need for frequent
checkups. A report that there is nothing wrong with your health should give reassurance
but not a sense of false security for the future.
In the company I work for we carry out a health survey of the employee (at all levels)
periodically in out organizations (6500 employees out of which 375 are executives)/ the
health data collected during the examinations for 8 years, will be shortly published in
detail in another paper. The following observations, relevant to this subject, are
interesting (non- executives here mean office staff, factory workers and salesman).
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1.

Incidence of certain diseases like tuberculosis, anemia, deficiency
diseases, is significantly Lower (almost nonexistent) among the executive
group.

2.

The incidence of common ailments like cold, diarrhea, dysentery etc. are
comparable in both the goups but the incidence of lower respiratory tract
infections like a bronchitis, pneumonia are less amongst the executive
group.

3.

There is a definite higher in the incidence of diabetes, obesity,
hemorrhoids, joint ailments low back ache amongst the executives.

4.

Here is no significant difference in the incidence of peptic ulcer, coronary
heart disease, high blood pressure in the two groups, but the incidence and
mortality due to heart diseases (of all varieties) is lower in the executive
group.

5.

There is an increase of minor functional diseases like headaches and labile
hypertension.

6.

The total volume of sickness (all types causing absence is less amongst
the executive group thanamong the non- executives, and the number of
work days lost due to sicknesses about one third per head in the executive
group as amongst the non executive group. This may be at least partially
due to the fact that executives tend to have a greater sense of
responsibility and don’t remain absent for minor ailments.

We then see that in our experience the executive group has a higher incidence of
diabetes, high blood pressure, joint trouble, piles and obesity. Diseases like tuberculosis,
anemia etc. is almost nonexistent. Incidence of heart is comparable between the two
groups. In fact the mortality due to heart diseases is higher amongst non executives.
Some of these ailments are completely preventable if we only acquire the right and
sober habits of living. Take for example, over weight. Except in a few rare instances,
over weight is due to over eating and doing less physical exercise. Yet, over weight has
been found to be associated with lowered life expectancy (a person of 40 years who is
25 lbs. overweight has a expectancy).Incidence of diabetes , heart diseases, high blood
pressure, joint diseases is not higher among the over weights. In fact this is the major
problem today f the affluent class (the executives belong to this class) and can be
prevented by being careful in one’s eating habits. Similarly, smoking it is known for
certain that smoking affects heart and increases the chance of cancer of lungs. It is not
difficult to give this habit up. We propose to discuss a few of these habits briefly (space
doesn’t permit detailed discussion).
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Over eating: There may be some truth in saying that over eating is an ‘occupational
hazards’ of the executives.Frequent official lunches, banquets, sumptuous dinners
expose them to rich type of food, highly spiced and over cooked with lavish amount of
fat. In between snacks, sweetened drinks and cocktails, add up to the number of calories
and naturally the waistline, imperceptibly goes on increasing. Check your weight with the
chart (TABLE II) and take off the excess weight- in a slow but steady manner (a
reduction of 4-5 lbs per month is satisfactory) by making a habit of eating the desirable
amount of food. There is no need to go on a ‘strict diet’ – the effect of this may be
dramatic but rarely permanent. The best way to reduce is to eat less, avoid excess fat
like butter, ghee and oil, fried foods, excess carbohydrates like rice, potatoes, green
peas, sweets and avoid snacks in between meals. Add plenty of salads, green leafy
vegetables and fruits in your diet.
Smoking: There is no doubt that smoking is bad for health. Cancer of lungs is 42 times
more often among those who smoke 40 cigarettes smoked, the higher the chances of
lung cancer. It has also been seen that in people about 40 years, the incidence of
coronary heart disease is three times more prevalent among smokers than among non
smokers. Is the pleasure of smoking worth this risk?
Drinking: Although this is not a major problem in our country, don’t start this habit if you
are a teetotaler. Many young executives, initiated at the office cocktail parties, find it
difficult to do without it. Medically a peg a day is not harmful to health but it should not
ever be more than 2 pegs under any circumstances. In certain individuals a drink may
help to relax; but since it provides extra calories (about 100 cal. For one oz) and makes
one more hungry- those, who have reduce, should never touch it.
Exercise: Some amount of physical exercise daily helps a lot. This need not be a
strenuous gymnastic; walking; swimming; playing golf or tennis, whatever you like, will
do. The human body is made for movement and function normally when the parts are
moved regularly. Sedentary habits, enforcing disuse of muscles and joints leads to a
number of ailments like joint pains, low back aches etc. exercise helps to improve
circulation of these pats, tones them up and prevent or at least delay the onset of
changes that some with advancing age. Physical exercise also helps to burn up the
excess calories and keep the body fit and trim. This is also the best way of relaxing.
It has been shown in repeated studies that those who do regular physical exercise suffer
much less from heart attacks than those who are sedentary in habit. Opinions differ
regarding the value of different measures recommended to avoid heart diseases, but
experts all over the world are unanimous on the advice- that physical exercise tones up
heart muscles and thus defer or prevents heart attacks. I would like to stress once again
that exercise should be regular but never carried to the extreme, with advancing age.
Medically prolonged and strenuous exercise like walking is safer and more beneficial
than short bursts of intense activities like playing squash or badminton. Walking is the
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best exercise for any age, especially so for the elderly. It is a idea to use the staircase
rather than the lift so long as you don’t get uncomfortably breathless.
Sleeping: Approximately 7 to 8 hours of sleep is necessary for normal individual. With
advancing age this requirement actually lessens so that by 60 years about 6 hrs are
enough. Insufficient sleep produces a state of constant tiredness and fatigue apart from
increasing tension. Exercise and relaxation are the best means of getting sleep- not
sleeping tablets. Too many cups of tea or coffee affect sleep.
Relaxation: The business executive is proverb ally a tense person – a victim of stress
and responsibility. There is no doubt that excessive stress is harmful but human being in
every cadre has to face stress. Normally, in small amounts, it helps to keep alert and
lively .only when it goes on accumulating ailments start. Peptic ulcer, coronary
thrombosis, high blood pressure, excessive throid activity, certain skin disorder and
asthma are at least partially stress disorders. It is therefore very necessary that
everyone- the business executives especially must know how to relax. Hobby, sports,
exercise, spending some time with children in the evening, all these are excellent means
of relaxation.
One way of avoiding unnecessary amount of stress is to develop the right attitude to life.
Ambition, is a good quality, but never ambitious individual will bring forth their own ruin
particularly if he is of the over aggressive and over enthusiastic type (drive is an
excellent quality for the executive).the young executives who dissipates his health
resources by over enthusiasm for reaching the top of the ladder in shortest possible time
is “in a sense”, taking money out of one bank, his health, only to put in another, his
career.
In his later years he may pay the penalty by loosening his resources from both banks.
Examples of such over aggressive types of executive bound in industries today that get
frosted if not promoted quickly and depressed when over promoted. He has to develop
the proper perspective, the right value, and the right attitude towards life.
Let us therefore, “cease thinking of senior managerial task in industry, as being exposed
to may special occupational hazards and avoid the hypochondria that comes of thinking
in that strain” (O’ Dwyer) and accept a same attitude towards like and work.
In general, I cannot advice anything better but to quote what the famous authority on
heart and circulation, Sir Thomas Lewis said:
“Very prudent people live quietly and moderately. They have their simple routine of work
and pastime .They are strictly temperate in their drinking. They avoid all form of
excesses. They use tobacco little, it at all .They welcome the freshness of abundant
open air and open spaces, delighting in the feeling of exhilaration that accompany active
exercise.
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TABLE - II
Desirable weights for men, aged 25 and over according to height and frame
Weight (in inches)

WEIGHT IN POUNDS (in indoor clothing)

Feet Inches

Small frame

Medium size

Large size

5

2

112-120

118-129

126-141

3

115-123

121-133

129-144

4

118-126

124-136

132-148

5

121-129

127-139

135-152

6

123-133

130-143

138-156

7

128-137

134-147

142-161

8

132-141

138-152

147-166

9

136-145

142-156

151-170

10

140-150

146-160

155-174

0

148-158

154-170

164-184

1

152-162

158-175

168-189

2

156-167

162-180

173-194

3

160-171

167-185

178-199

4

164-175

172-190

182-204
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Chapter - 33 : ROLE OF FACTORY MEDICAL OFFICERS IN PROMOTION OF
HEALTH EDUCATION & TRAINING FOR PREVANTION OF
OCCUPATIONAL HEALTH PROBLEMS IN INDUSTRY.
INTRODUCTION
Occupational Health aims at the promotion and maintenance of highest degree of
physical, mental and social well being of workers in all occupation. It is a known fact that
“No occupation is without any occupational disorder and further there is no occupational
disorder which is not preventable.” Therefore, the preventive programme has to play a
vital role in the industrial growth of country.
In industrial situation all over the world – occupational disorders due to ill – effects of
various physical, chemical and biological agents are causing great concern. In India also
the occupational health status of man at work is getting due importance. The adverse
health effects of various agents are found to be more amongst the workers exposed to
specific pollutants. Physical agents like noise, heat had also contributed significantly in
causing ill – health to the men at work.
Accident investigation has also revealed that unsafe acts are leading to more number of
accidents than the unsafe conditions.
It has been further documented by various research workers that migrant worker – a
common feature in developing countries like India – who have neither vocational training
nor previous industrial experience are predisposed to high risks of accidents and
occupational diseases.
To protect the health of workers, ILO vide its recommendation 1959 (No. 112) has
suggested for establishment of Occupational Health Service with training and education
of employees as one of the essential besides others. In our country we are also
propagating the idea of Occupational Health Service and working at the same time to
implement the recommendation.
The modern trends in occupational health and safety in the developed countries are also
three dimensional.
1. By research, education and effective training of the working people.
2. By establishing occupational health service.
3. By effective legislative measures.
Therefore, the training has to play a vital role in the prevention of Occupational Health
problems of industrial workers of the World in general and of India in particular.
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Role of Factory Medical Officer
The Factory Medical Officer has to play a very important and key role of a catalyst and
change agent. He has to convey the intention of Management to all concerned that
“Around here, we support positive health practices”. He has to see that Health Education
and training for preventing occupational diseases becomes an integral part of the
company’s Education and Training policy. Towards the end he has to take the following
steps.
1. Determining Needs:
Administer a questionnaire on the basis of the findings of occupational health
studies for identification of training needs. This will help in designing need- based
training packages for different level of personnel.
2. Involve People:
Training employees to function as a health promotion leadership committee
member is an effective way to prepare an organization’s action team to make a
functional contribution to the occupational health promotion effort. This committee
should consist of employees from all level of the organisation and should
represent as many departments as possible. Leadership committee member can
serve as advocates for this occupational health promotion process, problem
solvers for issues that arise and an effective communication vehicle for
propagating program events.
3. Heighten Interest and Awareness:
Occupational Health Promotion is a communication – intensive effort. Newsletters,
bulletin boards, posters etc. can all be used to promote and market the process.
The factory medical officer plays a vital role in the communication process by
writing supportive statement and messages in company publication. These send a
powerful message to all employees that occupational health promotion is a
mainstream business function.
4. Secure Leadership Commitment :
It is crucial for managers to know why occupational health promotion is a
compelling first priority business need and how they can get involved. One way to
do this is to involve the whole management team in your health education and
training effort.
5. Introduce Employees:
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Getting employees started as a group is essential to the success of the program.
Employees usually have a limited vision of what is possible in their working lives.
“Orientation to occupational health promotion effort of the factory” broaden
employees’ image of the situation in which he is supposed to work and the
associated health hazards. This motivates them to get involved in the
occupational health promotion effort of the factory. These sessions are an
excellent opportunity for employees to hear firsthand from management about the
organisation’s commitment to occupational health promotion.
6. Create a vision of Health enhancing Lifestyle Possibilities:
Providing health enhancement intervention communicates to employees that the
organization is interested in their personal development as well as their
prevention from health risks. These programs include titles such as Interpersonal
Communication. Self Esteem, Creative Thinking, Job Satisfaction, Managing
Change and deal less with avoiding illness and more with maximizing personal
potential.
7. Equip People with Skills for on–going Support:
Recharging enthusiasm and support is always an issue with occupational
promotion programs. Employees need to have opportunities to learn more about
occupational health promotion topic and provide support to the effort of the
company. This can be accomplished through regularly scheduled support group
meeting organized by the Factory Medical Officers. Continual reinforcement by
managers of the importance of occupational health during work group meeting
keeps the message alive that the organization is committed to employee’s well –
being.
8. Create a Healthy Organization :
Clearly this is the biggest challenge, but the most important step Managers need
to look is for ways to create occupational health enhancing norms and eliminate
those norms which block the efforts. Above all, managers need to maintain their
commitment to productivity through health promotion and to stay involved
themselves.
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Chapter - 34 :

INDENTIFICAITON OF HEALTH TRAINING NEEDSDESIGNING
& ORGANIZING TRAINING PROGRAMMES

Training gives valuable result only when it is geared to the needs of trainee and
organization and it is especially so in the area of safety training. Any training to be
successful must be motivating to management and trainees.
Training cannot be successful unless it deals with some of the safety problems whose
management is considered to be crucial and needs solution through training. The safety
problems are barriers to production and therefore one must see the things ignored,
things done but not quite safely enough and things which are done wrongly leading to
costly accidents.
In the chemical industry accident as and when they occur can cause damage, loss to
personnel and properties on a wide scale. As technology is advancing the operations in
the chemicals industry are becoming more and more complex. Consequently the
hazards have also increased which could affect a very large population within and
without are organization. It is therefore imperative that accident are avoided in such
industries and people are trained well to prevent accident and also to take counter –
measure as and when required .
The immediate job of preventing accident and controlling work health hazards falls upon
the supervisor, not because he has been forcefully assigned there, but because safety
and production are part of the same supervisory functions.
The supervisor’s role is vital in accident prevention. He should implement the methods,
procedures and techniques properly and correctly. Selling safety and talking safety to
people under his control is a part of his production responsibility. His subordinates must
be aware that how a job should be done safely, how the machine can be handled safely
and why the short- cut and hasty action should be avoided. Training program for
supervisor in chemical industry should be based on clearly defined objectives that
determine the scope of the training and guide the training materials. Objectives should
be planned carefully and written down. They should indicate what the trainee has to
know or do by the end of the training period.
In order to assess training needs it is necessary to find out:
(a)
(b)
(c)

What is required or expected in the new job.
Extent to which this requirement is being met presently.
The reasons why it is not met and if not, how to meet it through training.
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The information obtained should help to decide on the following:
(a)
(b)
(c)
(d)

Areas of safety training.
When training should be of help.
When training should be over for all chosen category of people.
When to check the performance of follow- up.

Methods of Indentifying Training Needs:
Methods of indentifying training needs are:
(a)
(b)
(c)
(d)
(e)

Job Safety Analysis approach
Accidents Records and Investigation
Survey Approach
Training required for new employee
Major Hazards Control measures

Job Safety Analysis Approach :
A Job Safety Analysis (JSA) is a procedure to make a job safe by:(a)
(b)

Indentifying the hazards or potential accident associated with each step of
a job, and
Developing a solution for each hazard that will either eliminate or control
the exposure.

The Job Safety Analysis is a procedure used to review job methods and uncover
hazards:(a)

(b)
(c)

That may have been workload in the layout of the plant or building and in
the design of the machinery equipment tools, work station and processes
or
That may have developed after production started or
That resulted from changes in work procedure or personnel. It is one of the
first steps in hazards and accident analysis and in safety training.

Once the hazards are known, the proper solution can be developed. Some solution may
be physical changes that eliminate or control the hazards such as placing a safeguard
over exposure, moving machine parts, other may be job procedure that eliminate or
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minimize the hazards, for example safe piling of material. This will require training and
supervision.
The training needs detailed analysis of the job. It involves determination of specific
knowledge, skills and attitudes required for particular level for successfully executing the
job and the extent to which exiting persons possess such knowledge, skills and attitude.
This helps to indentify the training needs of specific level. The gap between the job
requirements and individual knowledge and skills possessed indicates the training needs
for that category of personnel. In setting out to prepare job description in its first place it
is usually better to concentrate recording what they actually do i.e. the activities the
undertake rather than to attempt assess the nature of the responsibilities they carry.
The following methods may also be used at one stage or another for analysis of job/
work in a company:
(i)
(ii)
(iii)
(iv)
(v)
(vi)

Interview with individuals based on a carefully planned questionnaire.
Discussion meeting with small group of people.
Interviews with supervisors.
Discussion meeting with colleague group.
Diaries kept by selected persons.
Activity sampling.

After the content and scope of job have been established by analysis, the knowledge
and skills required for their performance have to be determined, it necessary to carry out
an appraisal of the knowledge and skills of exiting or potential personnel. This is
essential to identify the training needs which they may have i.e. particular knowledge or
particular skills which they lack or may need to learn. The process of analysis,
reconciliation and appraisal is, if fact, a continuous one.
The four basic steps in making a job safety analysis are:
(i)
(ii)
(iii)
(iv)

Select the job to be analyzed.
Break the job down into successive steps or activities and observe how
these actions are performed.
Indentify the hazards and potential accident (This is the critical step
because only an indentified problem can be eliminated).
Develop safe job procedure to eliminate the hazards and prevent potential
accident.

A sample of the job safety analysis sheet is given at Annexure I. the task of assessing
the knowledge, skills attitude and potential hazards is a difficult one. When done
systematically it reveals the gap between the desired and the existing skill, knowledge
and attitude. In additional it helps in evolving:356	
  
	
  

(i)
(ii)
(iii)
(iv)

A new procedure to do the job.
Indentify the changes in the conditions.
Changes in the work procedure.
Reduction of unwanted movements.

All the above are aimed at eliminating the hazards in the job and indicates the areas in
which training is to be given for employees.
Accident Records and Investigation Approach:
A good record keeping system can help the safety trainers in the following ways:

(i) Provide safety personnel with the mean for an objective evaluation of the
magnitude of their accident problems and with a measurement of the overall
progress and effectiveness of their safety programme.
Survey Approach:
A questionnaire could be developed to assess the safety and health aspects in the
organization. This could be done by a consulted or by a task force in the organization.
The questionnaire should cover all aspects on which the survey is expected to bring out
the facts. The areas on which the questions could be related to could be –
(a)
(b)
(c)
(d)
(e)
(f)

Housekeeping
Use of personal protective equipment.
The safety policy of the management.
The work method.
The number of accident in the shop.
The nature of injuries, etc.

Survey should be supplemented with discussions with concerned official, the employees’
supervisor, safety officer, etc. The survey reports prepared after analysis of the data
collected would give a picture of the safety and health in the organization. Many
organizational action combined with training activities may be required. The areas in
which training is required could be like the proper use of PPE (Personnel Protective
Equipment), knowledge of safety rules and regulation and knowledge of safety policy.
The specific training or external resources could be thought of.
Training required for new employee:
When a new employee joins an organization he requires orientation so that he can
discharge his responsibilities. The supervisor has got the tremendous responsibility to
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train the new employees .The job training would depend on assessing his skill, the
knowledge and the attitude of the employee. The supervisor should make himself
familiar with the job thoroughly so that he can assess the exact training requirement for
the new attitude towards safety has to be assessed carefully in order to lay proper stress
on safe method of working.
Major Hazards:
The major accident hazards control in the present day topic on which all the agencies,
that is, the Government (State and Central), the Manufacture’s Associate, the Chief
Inspectorates of Factories and DGFASLI organization are concerned with. The
prevention of major accident hazards calls for a systematic approach. The evaluation of
major hazards is itself a highly specialized area and calls for sufficient training. The
implementation of the safety measures by the organization based on evaluation calls for
training right from highest level to the employees of a lowest level. During emergencies
the population around the factories will also have to take suitable measures. The
occupier of factory has been charged with a tremendous amount of responsibilities
particularly in the units indentified as major hazards as per the previsions of the
Factories Act. Consequently the training of personnel in all agencies like the Factory
Inspectors, the Managers, the Supervisors and all other employees in the organization is
to be carried out. Training of the population around the units is also essential so that the
effects could be minimized.
DESIGN OF TRAINING PROGRAMMES:
We have seen the method to indentify the safety training needs. We now proceed for
knowledge of the steps for designing and conducting a training program. They are:(a)
(b)
(c)
(d)
(e)
(f)
(g)

Determining aims and objectives.
Determining training contents.
Deciding evaluation measures.
Deciding training methods and aids.
Organization training content.
Formulating training plans, and
Implementing the training process.

Determining Aims and Objectives:
The aims should be clearly stated. These can be either expressed in terms of what
-‐

The learner will or could be doing at the end of the period of training - Learner
Behavior Terms.
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-‐

The instructor/ trainer expect to be able to archives by the end of the period of
training – Instructor Oriented Terms.

Either way they are doing statement of intent.
The objectives should be clearly stated: These are far more detailed and specific than
aims. They contain three separate parts:

(a)

Purpose:
The statement of action learner will or could be able to do at the end period
of training i.e. quantitatively or qualitatively.

(b)

Conditions:
The condition under which the performance should be carried out in the job
situation. What the learner is provided with or denied in the job situation,
like the range of problems, the tools, equipment, special job aids, manuals,
environmental conditions, etc.

(c)

Standards:
The standard of the purpose the learner must achieve like accuracy,
speed, and quality, safe working.

Determining Training Content:
In determining the contents, it is necessary to have an understanding of the training and
learning process in view of the trainer’s competence and trainee’s capacity to learn.
From what we know of the learning process it is:
-‐

The learning if irrelevant of uninteresting, leads to frustration and damage the
reputation of training programmed. The course contents therefore, should be
such as to make the training deliberately very specific and problems oriented.

-‐

For knowledge to be retained and transferred to work situation (if it has been
learnt away from the job) its job relevant is important. It is therefore, essential that
training is imparted under stimulated condition followed by application on the job.

-‐

On the job relevant manual and motor skills can be developed only through
parities and repetitions. Learning opportunities followed by skill developed may be
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required before anything like the required level of performance can be expected
to be achieved.
-‐

If attitude modification is expected, then the ‘knowledge’ may need to be ‘topped
up’ from time to time and understanding and convictions sheared.

For effectiveness of learning it is necessary to outline the content of training by:
-‐
-‐
-‐

Deciding the subject in view of major focus/ emphasis.
Collecting information ‘to meet the trainees’ specific needs.
Selecting case example, demonstration, etc. to show practical application
of information.
(a)

In a formal class of safety education for workers, the following aspects
can be covered:
-‐
Historical Review of past accident that are closely/ directly
related to do similar to their work.
-‐
Potential hazards associate with the type of work assigned to
them.
-‐
Safety rules, regulations and standards in force at the plant, shop
or office where they work.
-‐
Safe operational procedure and communication procedure for
reporting unsafe situations.

(b)

Whereas for supervisory groups, it may be necessary to emphasis
skill of supervision in accident prevention in the area of:
-‐
-‐
-‐

Work Area
Work Method
Worker Attitude Development through safety education and onthe job instructions for safety.

Decide Evaluation Measures:
In order to evaluation the training results, training must be well planned with clearly
defined objectives. The objective of evaluation is not to rate, but to receive some
guidance from the experience of conducting training so as to modify future training
programs.
The training programs in view of the objectives should be evaluated in terms of reaction
like how did the learners like the courses or the extent to which they learnt facts and
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principles or developed their skill, attitude or changed their habits and approaches. The
evaluation can also be done in terms of change of individual performance and the final
result achieved. But for assessing change in performance, information is required, to be
collected first (a) on the skills and knowledge required on-the-job (b) some measures of
the extent to which the specific category possess these skills and knowledge. Then
probably someone can test how must is the improvement after training.
The training course can be evaluated on expressed reactions immediately after training
the participants can be asked to react to the questionnaire on the following lines:
-‐
-‐
-‐
-‐
-‐
-‐

Topics of interest having job application.
Topic of no practical use and relevance.
Other topics to be included being job relevant.
Suggestion on improving the method and aids and facilities of training.
Any specific idea taught, having application value.
Difficulties envisaged in job application. Opinions expressed orally or in writing
could help improve future training programs.

The course faculty can also be evaluated and suggestions/ views on the following
aspects sought:
-‐
-‐
-‐

The degree of participation and effectiveness of training methods and aids in
learning.
Relevance of training objectives, subjects, to the participants.
New training implication for total organizational improvement.

Before taking up any evaluation plan, it is necessary to validate the evaluation measure
selected. It may therefore, be worthwhile to check informally with a selected group of
people whether the evaluation measure tries to achieve objectives for which it is set out.
The evaluation also may be tried out with few pilot courses to checks its validity. The
evaluation
in terms of cost effectiveness is also a worthwhile exercise. But after it may prove an
academic one, as there are many subjective influences affecting training effectiveness.
Decide Training Method and Aids:
Even the training specialist is often faced with a bewildering choice of training methods
to meet a defined training objective. The final choice should be based on whether the
method will help training process on the following aspects:-‐

Whether the method aids understanding, maintain attention, arouse
motivation.
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-‐

Provide variety and maintain learning environment e.g. a film or lecture should
not be after lunch. Participative methods are less conducive to sleep.
-‐ Training costs and learning effectiveness are comparable. Suit the capabilities
of the trainer and the method with which the trainer is able to promote learning
confidently.
Suit the learner’s age and ability e.g. older people like participative methods which
utilizes their previous experience whereas younger like to listen to new knowledge from
an authority figure. A choice of single methods depends on the objective of the particular
training session.
Organizing Training Content :
The content of the training program have to be logically structured or sequenced. The
sequencing of the program can be done with the help of one or two or combination of
patter chosen.
The topics of training could broadly cover aspects such as:
E – Economic
T – Technical
H – Human
O – Organizational
S – Social
While one topic along could be stressed from all these angles, it is possible to have
different such aspects of the topic in the training program . The importance of safety can
be stressed from all these angle whereas a training program on safety in material
handling, could have topic to stress lack of these aspects.
The program content can also be on the basis of :
K - Knowledge Areas
A - Attitude Development
S - Skill Development
H - Habit Changing Aspects.
The program can be combination of all this on a specific subject or different subject
chosen to strengthen each of the above aspects of human performance3.
Formulate Training Plan:
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Having designed the training content and methods, we are ready to formulate a training
plan and develop scheme. While deciding the training plan scheme, it is necessary to
clarify some broad aspects of training such as whether the program is to meet short
range or immediate need or a long range with future needs in mind. It could also be a
general educational program or the specialized skill development program . The nature
of program could be induction, orientation or refresher or as appreciation program .
At this stage, it is necessary to find out whether the training content so decided can be
taught in a formal training program or can be put across informally through day to day
contacts or supervision. The informal guidance and coaching can be done individually
over a period whereas if the group size become large then the formal inputs may be
necessity. While for the specialized or general programs, nomination of the institutional
programs may be necessary. The induction , orientation, on the job program have to be
organized in the company and conducted exclusively by in-company officials.
As regards the duration of the program , a full time program of not more than week
would help keep the interest to an optimum level. The duration should however, be
decided in view of expected results in terms of changes in performance and behavior
and an attempt should be made to give adequate coverage for reaching the expected
standards. Whereas, a part-time program of not more than 2 hours at a time and that too
on alternative days would help keep interest for a longer duration.
The location of the premises of the factory has convenience of attending to the work and
being available when required. However, it suffers from distraction of being called to
attend the jobs. The program organized outside or in the institutes should be of a full
time duration for administrative convenience. The program away from the industry have
an advantage of the continuity of learning, minimum interruption, motivation of trainees
and adequacy of learning through exchange of views without inhibition etc.
The trainers chosen either from the in-company or from the institute should or from the
institute should be knowledgeable in their subjects and must be interested and skilled in
teaching. The trainers chosen from company must be well respected for their position in
respected for their position in the organization and an authority in the subject besides
having ability to guide and coach people.
Inplant Training Process
Discuss with company officials:
Before implementing any training, it is necessary to discuss with the management, the
program and scheme of training. The discussions are based on the objectives, identified
needs, the departments and levels chosen and how it is proposed to cover, evaluate and
follow-up the program results and its cost effectiveness. The program scheme or plan
has to be finally approved along with cost implications.
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The department heads need to be appraised of the training program and scheme so that
the trainees are released for the program and their learning is utilized on return. It is,
therefore necessary to give broad appreciation of program inputs and requirements,
coverage, etc. to departmental head. In this meeting, help can be sought for in-company
lectures and appeal can be made for supporting and encouraging application of learning.
These meetings are also helpful for seeking support of the department heads in review
and evaluation of training activity and further managerial implication after the training.
Decide Administrative Aspects of Training:
The program so designed has to be given to a selected group of people. It may,
therefore, be decided within how much period the group selected will be covered through
this training. If the program is to be given to a specific category of personnel, then it is
necessary to decide the group size in view of timely coverage of category of people.
The size of group depends upon the availability of conference room and the method
chosen to conduct the program . Participative methods are employed for trainees who
are experienced and for which the group size should not exceed 20 for effective
participation. The class size could be 50-100 at a time when information giving is the
objective. The conference room chosen for the program should be adequate enough to
accommodate all the trainees with comfortable sitting. The lighting, ventilation should be
such that it does not distract trainees‘ attention. The room should be noise free. The
conference room should have a V or U shape arrangement for seating so that maximum
interaction among the participants results. There should be provision for fixing of audio
visual aids including blackboard. There should be adequate administrative facilities for
duplicating and preparation of training material.
The group formation also should be decided in view of types of training. While the level
of the participants in terms of status and job nature could be same for a specialized
program , but for a general appreciation program , the people can be chosen from
different functional specialization to bring variety of application in the discussion. A
check list for organizing and administration or training program is given in Annexure II
and III.

Monitor the program :
While the program will be conducted with the pre-determined content and the schedule,
it is necessary to watch that it is necessary to watch that is happening as per the plan. It
may often be necessary to monitor the program in terms of expected learning. It may be
necessary at times to tell the external faculty to change emphasis, allow time for
clarification; strengthening the inputs by some other means or method etc. at times it
may be necessary to change the sequence of the topics or method of conducting so as
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to ensure complete learning. The coordinator of the program should constantly watch
and observe the expressed attitude and reactions towards some organizational aspects
of safety. These points should be noted for the inputs in the future program or taking up
of some non-training actions by the management. It may be worthwhile to carry out
terminal evaluation to check the results or progress of the learning.

Conduct Review of Safety Training:
An important aspect of the review of safety training should be the discussion between
the Safety Manager and Senior level of operating managers. At the review, any existing
systems and procedures of working, for example analysis of training needs, spotting of
job hazards, safety performances appraisal systems and design of safety training
program and scheme should be considered. It should ultimately lead to an agreed
action plan to implement the results of the review. It should be advantageous if in this
action plan, responsibility for the action is clearly defined and allocated. It should not be
seen as an inspection or audit but a chance to develop a discussion which will bring
closer together all those who can help meet safety training needs.
The review of training therefore, should culminate into:
-

Agreed recommendation for future action
An agreed action plan for the training department.
A plan for follow-up and implementation of the agreed recommendations and
action plans.

Have follow-up trainees:
In follow-up it may be seen whether trainees can be extended further help in practical
application of learning on-the-job situation. These visits will also help assess further
personal development needs and other training actions necessary for overall job
application and improvement.
The follow up should be undertaken by the immediate supervisor of the trainee. This
follow up by the immediate supervisor helps the trainee to increase his confidence in
application of knowledge and skill on the job. It also gives opportunity for the senior to
identify the future training needs and further follow up activity.
CONCLUSION.
Safety training at all levels is one of the important activities to help, improve working
conditions and environments through enlightened employees. The supervisor has a vital
role to plan and a competent supervisor has a vital role to plan and a competent
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supervisor cannot only achieve the targets but also ensure that the employees fo0llow
the safety policies and safety working procedures. It is therefore, beneficial and safe
working if the safety training needs are identified with the guidelines given above and the
training program conducted with due care to all aspects to ensure in effective conduct of
the program . An effective program helps in achieving the desired results i.e. making the
work place a safe and healthy one.
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Chapter - 35 : TRAINING TECHNIQUES
OVERVIEW OF TRAINING TECHNIQUES
The training is not need- based for being effective. As such the trainers have to identify
the training needs of the target group and accordingly design the training programmed.
Having designed the training programmed, the trainers have to decide which training
method is to be used for a particular topic.
There are a number of training methods available to the trainers to import training. These
vary in terms of the trainer’s and learner’s involvement in the learning process and are
so arranged on a continuous basis that they progressively bring in more participation and
involved of the learner thereby increasing the learning. Thus lecture method which is
the least participative in nature occupies the extreme left end of the continuum and self
learning methods appear a role play place in between these two ends are arranged in
the orders of increasing participation.
The choice of the method depends on the objective of the session i.e. whether it is
imparting of knowledge, development of skill or changing attitude. The conceptual inputs
are better dealt with by the trainer oriented techniques i.e. the ones wherein involved of
trainer is more and that of trainee is less viz. the lecture method, instruction, etc. on the
other hand, behavioral inputs are better dealt with by learner oriented techniques
wherein the involvement of the learner is more egg. Case study, role play, discussion
leading, etc. other factors affecting the choice of the training methods are the trainer’s
competence and type of the learners i.e. experienced or the new employees, literate and
the timing of the session i.e. whether in the morning or in the afternoon etc.
A brief guide to various teaching and training methods is given in the annexure. The
most commonly used training techniques in the class room situation are the lecture
method, case study method and the discussion leading.
Lecture Method
Lecture is a prepared presentation of knowledge or information to a group of persons by
an expert with a view to enable them to understand or accept the speaker’s message.
The advantages offered by the lecture method are:(i)
(ii)
(iii)

Large amount of material can be covered in a relatively short time.
A very large number of learners can be handled by one trainer.
The contents and the sequence under the trainer’s complete control.
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Disadvantages :
(i)
(ii)
(iii)

Lacks group participation, consequently the learning is less and retention is
poor.
The trainer has little or no immediate feedback from the learners.
The saturation point is reached relatively quickly and the learner’s attention is
easily destructed.

How to make lecture good and effective:
A good and effective lecture requires careful preparation and effective presentation.
Preparation:
-‐
-‐
a)

Planning the lecture
Organizing the subject matter of the lecture.

Planning :
In order to determine the content of the lecture, the need of the learning group
have to be analyzed and the exact purpose to be accomplished, determined. As
regards the need of the learning group, the lecture has to know the position,
background, level of education, age and experience of the participants. He has to
take into consideration the nature of their present job, their present knowledge,
what further they need to know and what is their present degree of interest and
attitude to learning. This will help determine precisely the content, coverage,
language and approach for the target group. The speaker should be clear as
regards the purpose of talk. The purpose defines the end result of the talk i.e. what
a trainee should do or understand as a result of the talk. In arriving at the expect
purpose, consideration has to be given to the subject – its relevance, emphasis,
scope and limits.
Once the subject matter of the talk has been decided, a few basic heading under
which the subject is to be dealt with are determined.

b)

Organizing the subject matter of the lecture :
The content is then to be arranged in a proper and logical sequence so that each
idea follows naturally from the proceeding ones. The content of lecture should
consist of:-‐ An introduction
-‐ The body
-‐ The conclusion
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The value of the subject to learner’s interest and its value to them in practical terms
has to be emphasized in introduction part of the lecture. Use may be made of
illustrations, analogy, personal experience or quotation for this purpose. The learners
are also informed as to how the lecture and cover different aspects of the subject.
The detailed presentations of the main idea constitute the body of the lecture. The
typical methods of organizing the main idea are:i) Importance – What, must, should and could be told.
ii) Time – sequence or chronological order (past, present, future plan)
iii) Space – starting at one and continuing logically from that point to the location,
what is wrong, why, who to blame, what harm and how to correct.
iv) Known to unknown, particular to general.
v) Easy to difficult
vi) Cause to effected – as discussing a plan or process and then showing its
effected on the future.
vii) Problem solution – First developing the problem situation and then developing
points that show a solution or course of action.
Use of relevant examples, comparisons, statistics, data question, etc. is to be made
while presenting the idea so as to make the lecture interesting and effective. The
example and statistical data used should be concrete. Visual aids may also be used
for the development and for keeping interest.
Presentation
Good speaking is natural, conversations, direct and enthusiastic with sufficient voice
projection and emphasis to be heard and with a constant awareness and concern for
listeners’ acceptance and understanding. One should therefore avoid being
oratorical, dramatic, adopting, domineering mannerisms and clever tricks etc. playing
with small articles, fixing tie, pacing backward or forward etc. are distractions and as
such to be avoided. One has to take care to communicate with everyone by giving
attention through frequent glancing around and establishing eye contact with all.
Effective speaking requires use of voice modulation to avoid monotony and generate
interest, use of pusses and emphasizing the key word and phrases. Use of numerous
examples helps to break the monotony. However, they should have relevance with
the subject and to be used at proper time. To check understanding of the audience,
they should be encouraged to ask question. Finally, it is to be ensured that the
conclusion must tie with the opening thought and it should clearly specify what is
desired to be done. The closing of the lecture should not be weak, inconclusive or
apologetic as it will mark complete session.
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Chapter - 36 : COMMUNICATION AND TRAINING

ROLE OF OCCUPATIONAL HEALTH
One of the most important processes on organization, and one of the easiest to observe
is how the members communicate with each other, particularly in face to face situations.
We communicate facts, feeling, perceptions, in nudes and various other things all in the
same “simple” message. We communicate not only through the spoken and written word
but through gesture, physical posture, tone of voice, timing of when we speak, what we
do not say and so on.
We will describe the simple observable about communication and then will move into
deeper less observable communication processes.
Who Communicates? How often? For how long?
The easiest analysis of communication is to focus communication is to focus only on the
relative frequency and duration of communication acts. Thus if communication behavior
of a group or committee is to be studied, the names of all the members must be listen
down and a check put next to a name each time that persons says something. Duration
can be measured by putting down a check mark every few second as long as the
speaker continues.
After some period the chart can be summarized to show who has talked, how often, and
how much of the total available time be has used. One can also determine who used
short communication and who used short communications and who spoke for long
period. Similarly, if one wanted to analyze written communications, an analogous chart
should be set up to determine who sends, how often he sends and how long the
message.
Who communication to whom?
The next level of complexity of observation would be to determine who talks or writes to
whom. Such observation is not difficult with written communication if they are addressed,
but it can be quite tricky in a group situation since people often are not very explicit about
whom they are directly themselves to. The observer may have to watch the speaker’s
eyes to see who he is looking at when he is talking, or he may observe bodily postures
for similar clues.
This level of communication analysis can reveal a number of processes. If one tract who
speak to whom fairly carefully, one quickly discover that some members talk to the whole
group, some talk to the ceiling or floor, and some members have favorite audiences.
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Having identified, for example the fact that ‘X’ tends mostly to direct his comments to ‘Y’
the question arises as to why this occurs, leading to a next level of observation of their
behavior. At this next level it may turn out that ‘X’ talks mostly to ‘Y’ because the letter
tends to agree with everything the former says. A kind of sub- group or coalition exists
within the large group, which may have a variety of implications for the functioning of the
total group.
Alternatively, if may be seen that sometime people talk to those from whom they expect
the most opposition or resistance.
Thus ‘X’ may have learned that ‘Y’ is the member most likely to shoot him sown. He talks
to ‘Y’ to see whether he can expect to get his point past what seems to be his toughest
hurdle.
Who talks after whom? Who interrupt whom?
Closely related to the issue of who talks to whom is the matter of who triggers. Whom
and in what ways. There are clear pattern of triggering. This may reflect either support
or a desire to undo the point. This over surface behavior provided the clues as to what is
going on beneath the surface.
The other kind of observable behavior is who interrupts whom. The importance of
observing this type of communication behavior derives from the fact that it gives us clues
as to how members perceive their own status or power in the group relative to the status
or power of members. We generally let the boss finish his sentence more often than he
let us finish out. In those instance where this trend seems not to hold, one often that the
members feel themselves to be of equal status even though objectivity their rank may be
different. Even then they might be more careful in public than in private situations.
Assuming a working team “equal” what does it means if the ‘X’ often interrupts the ‘Y’ but
the reverse seldom occurs. It is to be seen whether there was in fact a status difference,
or, it not, whether ‘X’ simply felt himself to be more important than ‘Y’. In the latter case,
a fairly common kind of problem arises from the fact that ‘Y’ may begin to feel a loss of
influence, to which he may react be starting to fight the ‘X’ rather than continuing to work
cooperatively with him.
In general, it has been seen that interrupting other is one of the more common and more
destructive kinds of communication behavior. Most people have relatively little
awareness of how often and how crudely they cut in one others, convinced, that they
have to say is more important that what they believe the previous speaker would have
continued to say. When this process is itself interrupted if often turns out the person who
first interrupt did not in fact really understand what the previous speaker was trying to
say. In his eagerness he was formulating his own thoughts rather than listening to what
was said before him.
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One of the unfortunate consequences of frequent interruption is that the group is likely to
interrupt this as sign of lack of organization. The problem is misdiagnosed is
misdiagnosed as one of organization rather than recognizing it is a problem of lack of
concern of the members for each other, resulting in insufficient listening.

Communication style
Communication style is intended to refer to whole range of things such as whether the
persons is assertive, questioning, pedantic, or humorous, whether his tone of voice is
loud, soft,
Grating or melodious, whether he accompanies his words with gestures, and so on. In
group situation one has to be more concerned about the possible effects of a given
communication style on the other with whom the person is communicating.

Gestural communication (kinesics)
Bodily postures, gestures, facial expression, and other non- verbal behavior, can and do
become patterned according to the culture in which the persons grow up. Culturally
determined non- verbal clues must be understood if the listener is to make correct
interpretations of the speaker.
Though method of analysis of such complex gestures are still in their infancy, it is no too
difficult to imagine that they could be successfully used in identifying clues which
accompany aggressiveness, excessive difference, boredom, and various other feeling
which are of great importance in group situation.
Level of communication
In work teams it is not unusual for a person to argue against a proposal because he feels
he has to be consistent with a previous position or because he feels he must defend a
group who he represents, but to argue in such a way as to let it be known that he is
privately prepared to be convinced and will go along eventually. Often we say one thing
in order to “save face” but manage to communication something else.
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2

1

Concealed self

Open self

4

3

Unknown self

Unknown self

Fig. 1. The part of a person.

Double message of this kind do not pose unusual difficulties because the sender is
aware of them and can clearly misunderstandings. Greater difficulty arises from double
message which reflect parts of the persons of which he is unaware (figure 1). Quadrant 1
in the figure represents those areas of the person of which he himself is aware and
which he is willing to share with others the ‘open himself’. Quadrant 2 represents those
parts of himself of which he is aware, but which he is consciously and deliberately trying
to conceal from others.
Some of the things which group conceal from other are areas of insecurity which the
person is ashamed to admit, feeling and impulses which he considers to be antisocial or
inconsistent with his self image, memories of events where he failed or showed up
particularly badly against his own standard and most important, feeling and reaction to
other people which he feels would be impolite or hurtful to reveal.
Quadrant 3 in the figure is the key one for this discussion. The “blind area” of the self
refers to those things which we unconsciously conceal from ourselves yet which are part
of use and which are communicated to others. Each of us has feeling and traits which
we feel are nor part of us, and are blind to the fact that we do communicate many such
feeling to others. We may also be blind to the fact that some of the feeling which we try
conceal do “leak out”.
Quadrant 4 consists of these parts of the person of which neither he nor others are
aware. Examples would be truly unconscious and deeply repressed feeling and
impulses, hidden talents or skills, potentialities and so. For our purpose this area is
irrelevant.
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Fig. 2. Types of message in a two- person’s communication situation.

A :

Open communication

B :

Leakage or unwilling revelation

C :

Confiding or leveling

D :

Emotional contagion

Most communication occurs between the two selves of the person (arrow A) and most
popularized analysis of the communication process confined themselves to his level.
A second level of communication is the signals or meaning which we pick up from a
person’s blind self and which he is unaware of sending (arrow B)
A third level of communication occurs which we deliberately reveal something which we
ordinary tend to conceal (arrow C). ordinary we thing of this as “confiding” in someone or
“leveling” if we are sharing reactions of feeling generated by immediate events.
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Finally, there is less common but no less important level of communication represented
by arrow D which might best be labeled “emotional contagion”. One person influences
the feeling of another without either one’s being consciously aware of the origin of the
feeling.
Sometimes the feeling which is aroused in the recipient mirrors that of the sender, as
when tension which may be denied by the sender nevertheless makes the receiver tense
as well. In other cases the feeling is different when a denies but displayed feeling in one
person causes tension in the other because he dose not know whether he should
respond to manifest level of communication (denial of feeling) or to the talent level (the
actual displayed feeling).
Once one recognizes several level of communication, one can open up communication
channels which ordinarily are not used. Once the participants in an interpersonal
situation obtain some insight into their own communication, it is possible for them to
examine rationally the pros and cons of opening more the Arrow C or “confiding” kind of
channel. Specifically, they can examine whether or not effectiveness of the group would
be increased if more members shared their private feelings, particularly feeling
pertaining to other members and to the work situation.
Exploration of the ‘B’ type of communication is most relevant if the group is having
serious communication problems. If I tell someone that he is sending a ‘B’ type
message, thus reducing one of this blind spots, I am at the same time revealing
something of my reactions which I ordinarily hide, thus reducing one of this blind spots, I
am at the same time revealing something, the size of my concealed areas. Discussion of
either ‘B’ or ‘C’ type message tend thus to stimulate each other. The desired result would
be a situation in which all members could enlarge their own open areas in their dealing
with each other, thereby reducing distortions, miscommunication and ambiguities.

FILTERING
The final and perhaps most difficult, complexity to consider in the communication
process is that both the sender and the receiver us a number of filters in selecting what
they will send and what they will receive. It is not a conscious censorship but it implies
that all of us select what we say, how we say it, and when we say it in terms of a
complex set of decision rules which we have learned over a lifetime and which reflect a
number of specific factors.
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A)

Self Image:
Both the sender and the receiver have an image or concept of themselves
and feeling of self- worth or self- esteem. What their self- concept is at any
given time and what value they attach to themselves in a given situation
will, in part, determine their communication.

B)

Image of the other person or persons:
Both the sender and the receiver have an image or concept of the others in
a situation and attach certain values to these others as people. These
images of the ‘other’ will also, in part, determine communication.

C)

Definition of the situation
Both the sender and the receiver have a certain picture of the situation they
are jointly operating in. Is it a meeting to solve a specific problem? Is it
informal bull session? Are we here to give the boss a chance to tell us his
ideas, and so on? Often this process of “defining the situation" is not
verbalized until raises the question “what are we here for? Or what is our
task?
The definition of the situation goes beyond specifying the goal or task to be
achieved lit is the complete set of perceptions pertaining to one’s own and
other’s roles in the situation, its duration, its boundaries, and the norms
which will govern it. Obviously, what we say and how we say it will be
largely governed by how we define the situation.

D)

Motives, Feeling, Intentions, Attitudes:
Another set of filters on the communication process both for sender and
listener are the various needs and motives they bring to the situation their
intention and their attitudes towards other. If my needs are to sell a
proposal or to influence other, I will communication differently than if I am
curious about something and need to get information. If I am trying to
influence I will listen differently things in what other say than if I am
gathering information.

E)

Expectations
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The final category of psychological factors which create filters is our
expectation of ourselves and other in the situation, based either on actual
experience or on preconception and stereo- types. If I expect my audience
to be slow to understand, I will use simpler words; if I expect them to be
receptive, I will talk in a more relaxed way; if I expect them to be cortical, I
will frame my points carefully and precisely. From the point of view of the
listener, if he expect the speaker to be very smart, he may read in more
meaning than there is in the message; if he expects him to he matriculate
or unintelligent, he may fail to hear god points. If he expect disagreement
he may read hostility he may read hostility into what the speaker says; and
if he expect support he may fail to hear disagreement he may read hostility
into what the speaker says; and if expects support he may fail to hear
disagreement.
Given all the various filters described, it is not surprising that the
communication process between people is brought with so much difficulty.
It is only out of joint efforts of all the members that a diagnosis of
communication difficulties can be made which is likely to be near enough to
the truth to warrant remedial action.
The circular process and self-fulfilling prophecies:
If expectations are strong on the part of both the sender and the receiver, it is possible
for each to interrupt the clues from the other in such a way that both confirms their
stereotype and thus “lock” each other into roles from which it is difficult to escape.
Person A, on the basis of previous experience, has a very positive self- image is
confident, needs to influence other, and expects to be able to do so. His
communications are assertive, confident and clear. His listeners respond to this clarity
and assertiveness by paying attention to what he has to say, thus confirming “A” image
of himself as an influential person. He gains confidence from being listened to and
assumes an increasingly strong role in the group.
Person B, on the basis of his previous experience, is not sure of himself, feels a lack of
confidence in the presence of several others, is not sure he can influence people even
though he would like to, and expect that he will have difficulty establishing himself in the
group. His communication will, as a result, be hesitant, low key, and different, though
they may be just as clear as “As”. His listeners may well respond to the diffidence and
hesitancy by assuming that B does not have much to offer and may cease to pay
attention to him, thus confirming his own initial impression of himself as having little to
contribute. B loses confidence, communication, and gradually assumes the rule of a
non- contributor.
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In both the cases the final outcome is the result of initial expectations which produce a
certain communication style, which in turn leads to the confirmation of the initial
expectations. The danger is that the initial expectation may have little to do with the
actual potential contribution of A and B to the group product, yet A will be a high
contributor and B will be a low contributor. Only becoming sensitive to this kind of selffulfilling prophecy can the group protect itself from getting a mix of contribution which
are unrelated to actual ability.
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Chapter - 37 : CONCEPT AND MEASUREMENT OF PRODUCTIVITY
PRODUCTIVITY – WHAT IT MEANS?
Productivity is the ratio between the volume of output of goods and services and the
quantity of inputs used in producing them. Inputs include land, capital, labour, materials,
power, minerals deposits, skill and mineral deposits, skill and training, scientific
knowledge etc. An increase in productivity implies an improved use of the material
resource and of the human efforts used in production.
Greater production does not necessarily mean that there has been greater productivity,
more resources or more efforts may have been used, but as long as resources are fully
employed the only satisfactory means of seeking a greater production is through higher
productivity.
Higher national productivity must be sought be greater efficiency and lower cost in
individual firms.
Measurement of Productivity:
It is rather difficult if not impossible to measure with any accuracy the change in
productivity as defined in its basic sense as the ratio of outputs. On the output side, there
is no really satisfactory means of combining any single aggregate, the whole collection of
goods and service produced in the community and measuring its changes from time to
time. One device used is to take as estimate of national income and adjust it for changes
in prices (as measured by price index). Quite apart from the statistical difficulties
involved, the resulting concept of real income has no precise meaning. On the input side,
no satisfactory means has been devised for combining in to a single measure of input all
the various factors such as land, capital, labor, scientific knowledge etc. The popularity
of the concept of ‘output per man- hours’ result largely from the fact that in particular
firms or industries statistic of man- hours worked are more readily available that statistic
of other inputs and where the output are not too numerous and do not vary in size and
quality, it is possible to produce a worthwhile measure of output per man- hours.
It can be misleading however to concentrate too much on output per man- hours. Output
pre man- hours can, no doubt, be increased in particular direction by more and more
investment in capital investment, power etc. but if such investment is carried too far in
represents a wasteful use of resource and amount to lower productivity involving a
diversification of resource from our productive uses. A process that use less labor may
be more costly because the cost of making, maintaining, replacing and operating new
equipment required may be greater than the labor cost that are saved.
379	
  
	
  

In the individual firm productivity is closely related to the cost of production. If the costs
of each item of input are unchanged higher productivity will be reflected in lower unit cost
of
Production, the problem of efficient management is how to produce the desired output
most economic , i.e. with the best and cheapest combination of all inputs and higher
productivity, therefore, means greater efficiency in carrying out this function.
Advantage of higher productivity:
Higher productivity results in a larger output of goods and service from the resource
used. It means a greater product to be divided among the various claims that our
individual objectives and national policies make upon our resources. This claim include
(a) individual and collective consumption including the social services, generally referred
as standard of living, (b) defiance requirements, (c) production for export are competitive
prices of sufficient goods and services to procure our important requirements (d)
providing capital facilities and consumer goods for a growing population, and (e) capital
investment for further development of our resources and the raising of standard of living
in future. If we increase our productivity, more goods and services can be devoted to
anyone of our objectives without necessarily talking them away from others and we can
proceed more rapidly towards achieving our various individual and national objectives
and we can enjoy a higher standard of living than what otherwise would have been
possible.
Advantage of higher productivity cannot be considered without some reference to the
way in which the benefits are distributed among various sections of the community.
Distribution of the national income is a complex subject. However, the gains of
productivity should be distributed among (I) consumers by lower prices, (ii) workers
through higher real wages and salaries and other profits, and improvement in working
conditions, (iii) proprietors and share- holders through higher profits, and (iv) business
and undertaking through the building up of resources of provide for a re- equipment and
expansion. Appropriate distribution at any time is a question in which widely differing
opinions may be held. As far as the relations between the employees are concerned, it is
a question largely of confidence that arrangement for fixing wages and condition of
employment will, over a period, ensure that the gains are equitable shared.
Responsibilities for increasing productivity:
The initiative in increasing productivity must rest with management. It is only through the
effective exercise of the management responsibilities in numerous individual
undertakings, large and small, that improvement in national productivity can be made.
The initiative and the technical expert cannot be fully successful unless the trade union
and employees are prepared to accept the responsibilities for increasing productivity.
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This includes the necessity for the employees to be prepared to accept properly planned
changes in methods and process. The willingness to accept a new method and to adjust
customs and practices to altered circumstances must find its practical test in the
individual establishment.
Governments which are concerned about the need for higher productivity have a
responsibility for following policies which are in harmony with objective of increasing
productivity. The best assurance of productivity growth lies in preserving and economic
climate in which whether of employers or employees depends upon
Efficient performance. Provision of adequate basic utility service and technical education
facilities and policies that permit optimum use of capital equipment and encourage
research and development and fostering of community attitudes are examples of the
ways in which Governments can foster higher productivity. If efforts to accelerate rate of
growth of productivity are to be successful they must have full support of the public,
government, employer and the trade unions and sound industrial at both the national and
plant levels. Responsibilities of management, trade unions and government for
increasing productivity are so inter- locked that none can proceed far without the
cooperation of the others.
Means of promoting more rapid increase in productivity:
There is no single or simple means by which productivity can be increased as there is a
wide variety of different measures which will be applicable in varying degree in different
establishments. These include (a) introduction of more new plant and greater
mechanization of processes; (b) a more intensive use of existing plant; (c) greater
attention of maintenance of plant; (d) more intensive and expert study of work methods;
(e) better trained managers, supervisors and technicians; (f) more effective used of the
labour force, especially skilled workers; (g) better use of permissible working hours; (h)
use of properly planned incentive schemes wherever appropriate and finally (i)
improvement of management labour relationships and greater willingness on the part of
labour to accept changes.
It will be evident that none of these methods can be expected to produce a spectacular
increase in productivity overnight. Their general application requires the development of
new attitudes, the acquisition of additional skills and experience, cooperation between
management and labour.
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Chapter - 38 : TOTAL QUALITY MANAGEMENT – A PHILOSOPHY

INTRODUCTION
Indian industry has been operating in protected environments for a very long time since
independence. With liberalization of our economy and globalization of our markets,
opening up of the trade barriers to the world since 1991, the business and economic
scenario in the country has undergone a dramatic change from sellers market to buyers
market. To survive and remain competitive in this global and integrated market be
reliable, safe, energy – efficient, environment friendly and cost effective. Therefore, this
volatile, fierce and cut-throat competitive environment has created an urgent and
inevitable need for Indian industry to embrace a new management philosophy to achieve
business excellent and to build a competitive edge to face the domestic and global
competition effectively. The philosophy which provides competitive edges to business is
known as “TOTAL QUALITY MANAGEMENT (TQM)”.
What Is Total Quality Management (TQM)?
Total quality Management (TQM) is a new way of managing business to improve quality,
productive, flexibility and effectiveness of the organization. TQM is a customer oriented
and quality focused business philosophy. It represents a thought revolution in
management and involves every aspect of an organization right from product design,
development to customer and also involves employees right from the shop floor to the
Board Room in satisfying the customer’s requirement of quality products/services at
competitive.
Total Quality Management means
∑

∑

Total

=

Quality

=

Management =

-

All Areas All Disciplines
All Departments & Sections
All Activities & Processes
All the Employees & Everybody
Always and every time
Customer Satisfaction
Customer delight
Exceeding Customers Expectations
Structure
Systems
Procedures
Processes
Controls
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Therefore, it can be said that TQM is an integrated organizational philosophy/sociotechnical systems intervention in delighting customers (Both external and internal) by
meeting their expectations on a continuous basis through everyone involved with the
organization, working on continuous improvement in all product / processes along with
proper solving methodology.
TQM is defined n different ways by different people in different contexis. There are
numerous definitions and varied interpretations of TQM. The detailed explanation of all
these approaches is beyond the scope of this handout. However, one consistent and
common element found in all these definitions is the stress on customer satisfaction
through employee involvement.
CONCEPT OF QUALITY
Quality is perhaps the major pre-occupation of any business worldwide these days. It is;
therefore, appropriate to look at various definitions of quality in this context.
Quality has been defined by different people in different ways.
•
•
•
•
•

Dr. Juran defines quality as ‘Fitness for Use’.
Philps Crosby defines quality as ‘Conformance to requirement’
Dr. Deming says ‘Quality means continuous improvement through reduced
variation’
Genichi Taguhi says’ quality means continuous imparted to the society from the
time the product is shipped’
According to International Organization for Standardization “ISO - 8402” Quality
as totality of features and characteristics of a product or a service that bear on its
ability to satisfy stated or implied needs.

Therefore, we can infer from the above definitions that “Quality is an abstract term and is
different for different people and in different contexts”
Quality can be defined only by the customer and not by the manufacture.
Evolution of TQM philosophy
The quality concept is very old and indeed the whole quality movement has been
evolving through various phases. These phases have been described in nurshell as
below:
1)

Quality Measurement/Inspection(phase-I)(1900-1920)
In this phase quality was meant inspection of final products only. Here the
quality was product oriented. This system prevailed all over the world.
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2)

Quality Control (Phase-II)(1920-1940)
Here the orientation was not on the product but a major systematic and
rigorous approach was introduced using quality manuals and statistical
techniques to look at the performance of the processes and their compliance
with customer requirements. This originated USA.

3)

Quality Assurance (Phase - III) (1950 onwards)
It is a system oriented radical approach which considers quality in a
companywide sense emphasizing the point that quality is everyone’s
responsibility and it also gives an assurance and confidence to the customer
about the quality of the product at all stages of the operations. It is a about
preventive approach, Quality Assurance originated in Japan.

4)

Total Quality Management (Phase - IV) (1970s onwards)
Now the quality movement has moved its concepts from an organizational,
operational/functional accepted to a strategic position where the emphasis
has been put on being pro-active and building stronger links with customers
and suppliers and introducing a philosophy of continuous improvement and
adding value to the business operations all the time in order to satisfy
customer demands in a better way. This is what has become known in the
whole world today as Total Quality Management (TQM).
Quality experts like Dr. Edward Deming Joseph Juran, DR. K. Ishikwa,
Philps B. Crosby and V. Feignbum have contributed greatly to the Total
Quality Management (TQM) philosophy. TQM is applicable to all the
organizations either manufacturing, service or trading organizations.

DIMENSIONS AND ELEMENTS OF TQM
Being a multi – disciplinary and integrated approach TQM encompasses a number of
elements and tools under its umbrella namely:

*
*
*
*

Total Quality Control (TQC)
Value Engineering
ISO-9000 QAS
QS- 9000

* Statistical Process Control (SPC)
* Just in time (JIT)
* ISO-14000 EMS
* Concurrent Engg.
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*
*
*
*
*
*
*
*

Bench Marking
*
Zero Defect Approach
*
5 ‘ S’
*
Suggestion Schemes
*
Kaizen
*
S.M.E.D.
*
Total Productivity Maintenance (TPM) *
Total Safety Management
*

Quality Function Development
Quality Policy Development
Quality Circles
Small Group Activities
Poka Yoke
Taguachi Engineering
Business process Re- Engineering
Total Productivity Management

Total Quality Management is a universe by itself and encompasses a number of
Economic and human factors. Any tool approach that adds value to a product or service
but not the cost comes under the umbrella of TQM.
FACTORS OF TQM IMPLEMENTATION
As a result of various surveys in the field of TQM all over the world including India the
following factors have been identified as essential factors for successful implementation
of TQM in any organization.
1)
2)
3)
4)
5)
6)
7)
8)
9)

Top Management Commitment and Leadership
Employee Participation & Teamwork
Quality System ISO-9000
Continuous Education & Training of Employees
Problem Solving Tools & Techniques
Effective Communication
Bench making
Rewards & Recognition
Appropriate Technology

THE END RESULT OF TQM ARE

• Less variable quality of products or services
• Ever quicker, less variable response from design and development through plants
and all the way to final user (consumer)
• Ever greater flexibility in adjusting to customer’s shifting volume and mix
requirements.
• Ever lower costs through quality improvement and elimination of non-value rework
and waste.
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WHAT DIES GUARANTEE?
v

Improvement in 5 Dimension of Organizational Health
-‐
-‐
-‐
-‐
-‐

Quantum of work output
Quality of work complied
Cost of work performed
Time Targets of work planned
Pleasure of work accomplished

v

Meeting Customer’s Priorities
-‐
Right Service
-‐
Right Quality
-‐
Right Time
-‐
Right Costs

v

Develops a New Mind Set
-‐
-‐
-‐

Quality is the fundamental business principle
Internal and External customers must be satisfied
Quality improvement is the job of every employee

ACHIEVEMENTS OF TQM
v

Dramatic Continuous Improvements
-‐
-‐
-‐
-‐
-‐
-‐

Promoting organizational effectiveness
Attainment of specific goals
Judicious use of resources
Quality of life
Feeling of togetherness
Accomplishment
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CHANGE IN CUSTMER ORIENTATION AFTER TQM
Company Driven

Customer Driven

Product-out

Market-in

Design-out

Quality Function Deployment

Tolerance Range

Target Value

Build to specification

Variability Reduction

CHANGE IN PEOPLE ORIENTATION AFTER TQM
Individual
Team Effort
Delegation

Participation

Control

Employment

Managing

Leading

Risk Avoidance

Risk Talking/Eliminate Fear

Efficiency

Effectiveness

Divide and Rule

Create Team Spirit

Synthesizing

Synergysing

CHANGE IN THE MIND OF THE ORGANISATION AFTER TQM
•
*

•

Result Orientation
- Company Orientation
- Profit Orientation
- Return on Investment
Task Orientation

Process & Result Orientation
Customer & Company
Orientation
People Orientation

387	
  
	
  

TQM AS A CULTURAL CHANGE
Many companies can produce zero defect products, but the company’s quality still may
not be right. There are other functions and departments which can let the company
down. Quit often the problem may be in non-manufacturing areas. If we want to improve
Total quality, we have to promote a culture where people feel free to contribute their
ideas.
Culture, represents the sum total of values. Beliefs, behavior and the norms of
management which actually makes an organization to succeed. Changing a work culture
is a difficult task, as it may be around for a long time; it might have started with founders
of the organization and might exist today into rules, systems and style of management
etc. The Total Quality provides an opportunity to people to think about their value system
and beliefs. As a whole TQM aims at a change in organization culture. This cultural
change can only be achieved through leadership and conductive management styles.
CONCLUSION
To cope up with the turbulent business environment and to be ahead of the competitors
at home and aboard, there is an urgent need for the Indian companies to enhance their
business, optimize operations, reduce costs, improve quality of products and issues
effectively, there is a need for Total Quality Management philosophy, which combines
the management principles of west and Japanese techniques of successful
management. Therefore, TQM is journey without destination except for a wish to
improve continuously towards excellence. India too is not lagging in this respect there
are many Indian companies which have successfully implemented TQM and many are in
the process of implementation.
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Chapter - 39 : KAIZEN-CONCEPT & PHILOSOPHY
INTRODUCTION
The word productivity evokes different responses in different responses in different
people. However all will agree that it is search for excellence in every field of human
Endeavour. The following literature illustrates how a simple and low cost technique of
empowering people to make improvements in their work place contributes to
enhancement of productivity in an organization.
CLASSIC APPROACH TO PRODUCTIVITY
The classic approach for productivity improvement looks on the total cycle time as split
between the times needed for a “basic work content”. A wasteful ti me due to “added
work content” and an “ineffective time” arising from the actions of management and
workers (ILO, 1983).A number of techniques like method study, time study, value
analysis and plant maintenance are suggested for elimination of the wasteful “added
work content” and “ineffective time” while the techniques are excellent in themselves.
Many of them tend to find limited application . Some techniques, like time study , have
historically generated resistance from labour unions. Which has also contributed to the
limited application> Moreover, these techniques in areas like sales and finance are
reported infrequently. Even O &M has not found too much favor over the years in many
organizations.
While technology does improve productivity, especially that of manpower, it requires
investment. Thus sometimes, what has been gained by way of improvement in
manpower productivity is more than offset by a reduction in the productivity of capital.
Technological up gradation may land up with only a substitution effect, where labour
productivity gets raised at the expense of capital productivity. Given the general paucity
of capital in a poor country like India, raising labour productivity at the expense of capital
productivity gives no real gain.
Hence there is a need for a system which has the following characteristics:
1. Which leads to increase in productivity of all resources and does not merely
substitute low productivity of one resourced by high productivity or another.
2. Which can increases productivity in all functional areas and department in a
company?
3. Which can be applied easily with the little resistance being generated from the
employees
4. Which can be introduced with little or no investment
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A System which can be satisfy all these requirement was devised based on the
KAIZEN concept. This is being practiced widely in Japan for the last 3 decades.

KAIZEN CONCEPT
What is KAIZEN?
KAI

-

Change

ZEN

-

Good (for the better)

KAIZEN

-

Change for better OR continuous improvement

The secret of Japanese success is the implementation of the KAIZEN concept in the
industries of the Japan. Accordingly to Masaaki Imai (1986), it is this emphasis on small
continuous improvements that has given the industries of Japan the lead over those in
the Western World while the traditional approach to management have emphasized the
importance of establishing and maintain standards. KAIZEN literature says that it is
better to look for small jumps rather than quantum leaps. It says that the small steps
accumulate with time to constitute a major change. The advantage that small changes
have is that there acceptance is greater, since they are small deviations from the
established norms. Another advantage of small change is that they generally do not
need investments. For such change (ROI) Return on Investment considerations become
important. On other hand for small changes the ROI considerations are not important
because they do not need much investment.
Imai suggests that instead of waiting for the introduction of the major changes
occasionally, it is better to make small improvements in terms of deviations from the
standards laid down. To compensate for the slow improvements for the recommendation
are made continuously is that improvements be made continuously-they will be add up
fast to large improvements. The following figure depict-
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THE KAIZEN VIEW OF IMPROVEMENT

Small

Incremental

Improvements

STANDAR D
FOR AN ACTIVITY

TIME The implementation of a philosophy and strategy of KAIZEN can be archived
through empowerment of the employees to effect improvements. It is a practice oriented
strategy where implementation is accorded the prime priority. This approach leads to
the creation of an improvement culture in which every employee always critically
examines the work situation to identify and implement KAZEN i.e changes for
improvements. It changes the attitude of people towards improvements and there routine
work. They cease to see routine work as drudgery alone but began to see in it
opportunities for improvement. The system changes attitudes and ultimately the culture
of the organization.
The KAIZEN system was first introduced in Japan in Toyota Motor Co, in the early sixties
(1960). As this system succeeded, it spared to other Cos. and other industries. Soon the
industrial culture of Japan got transformed. There is a major difference between
Japanese KAIZEN and process oriented way of thinking. The figures below clearly depict
the between the Japanese and Western perceptions of job functions.

TOP MANAGMENT

INNOVATIONS
KAIZEN

MIDDLE

MANAGMENT

SUPERVISQRS
WORKERS

MAINTENANCE
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INNOVATIONS
JAPANESE
JOB FUNCTIONS
TOP MANAGMENT

PERCEPTIONS

OF

MAINTENANCE

MIDDLE

MANAGMENT

SUPERVISQRS
WORKERS

KAIZEN MEETINGS
KAIZEN meeting are arranged as follows:
The whole organization is spilt up into groups of about 6- 10 persons. Each group is
made up of a people at approximately the same hierarchical level. As far as possible.
Persons from different functional groups are included in each group.
Once a month, each group meets at a specific date and time. The meeting starts on a
solemn note, with each participant allocated 6 minutes to talk. The talks is on ‘’What
improvements I have done during the last one month” . After 6 minutes the person is cut
off. No one is permitted to exceed the allotted time to any significant extent. While a
KAIZEN participant talks. Other only listens: nothing else. Instance listening with body
language indicative of intense listening is what all others must engage in.
No one is permitted to make any kinds of remarks.Especially critical remarks are taboo.
Even encouraging remarks are to be avoided. Discouraging remarks or ridicule is
absolutely banned. This goes on till everyone had his or her turn. There is no discussion
whatever.
During the meeting one person, who is hierarchically senior is also present. This person
acts as an evaluator. The evaluator listens to the participants and assigns mark on a 0100 point scale (i.e. a percentage score). The evaluator only listens and does not offer
any comments, especially any evaluative or critical comments. The evaluator is only
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permitted to seek clarification from the participant, if necessary. In the meeting, there is
also a coordinator who sees that the meetings are conducted in the way they should be.
Apart from the administration, the coordinator also guides the evaluator about the trends
in the scoring patterns among all other evaluators so that inviduals discrepancies
between evaluators can be minimized.
Each participant is required to give the improvements made in writing also, apart from
speaking them out. The purpose of insisting on writing is two-fold.
1. To force the participant to prepare in advance. When one writes, one’s thoughts
clarify.
2. It may happen that the participant has done more improvements than he or she
can talk about in 6 minutes. In such cases, it is recommended that the participant
speaks out only the most important ones and the rest are submitted through
write-up.

MOTIVATIONAL IMPLICATIONS OF KAIZEN
The KAIZEN system is a simple system, its implications are profound. They set in motion
a desire to make improvements among the employee of an origination. The desire is
motivated by the simple need to be able to talk something at the meeting as this act of
coming in front of an audience and talking about one’s achievements, however, small
they may be is very stimulating. This system sets in motion the desire to find something
to report. A search for improvement begins. Hen all the individuals begin to search for
improvements. It becomes easy to improvement to be made.
KAIZEN gives freedom to the employees. It does not specify what changes are to be
made or how many of them are to be made. Improvement can be in any discipline and if
any field of human activity. These decisions are left to the individual. The individual can
make 30 changes or 3 changes or none at all. Everything depends upon the individual’s
desire. There is therefore, absolutely no resistance from the person.

TYPES OF IMPROVEMENTS UNDER THE KAIZEN SYSTEM
Under the KAIZEN system improvements are best understood as consisting of three
types.
Type I Improvement
Reduction of routine work through elimination of all is unnecessary or avoidable in
routine work.
393	
  
	
  

Type II Improvement
Completion of that part of routine work.Which should be done but normally could not be
done because of lack of time.

Type III Improvement
Taking some extra work. The correct sequence for making improvement is to take-up
type I first. This will reduce the time required to do the routine work. In the time saved.
Type II improvements should be taken up. This allows the routine work to be brought
under full control. When the entire routine work keeps reducing due to continuous
attention to pay improvements, there will be spare time, in which additional work of type
III improvement can be taken.
ADVANTAGES OF KAIZEN SYSTEM
1. The first and foremost benefit KAIZEN gives is, it brings about attitude
changes among employee towards improvement and there routine work.
Hence a new work culture is created in organization.
2. Once the culture is transformed, the way gets clear for introducing other
productivity improvement system like JIT. Kanban and Time Study etc.
KAIZEN leads to productivity improvement.
3. KAIZEN system reduced resistance to change. Hence this paves way for
introduction of Total Quality Management philosophy in the organization.
4. It provides an opportunity for employees to use their talents and skills thereby
it stimulates their creativity.ss
5. Ownership of work improves in KAIZEN system. It is the inner voice of the
employees that drives them to make the improvement rather than the orders
given down through the hierarchy. Hence in KAIZEN system, improvement are
pulled by the employees not pushed by the management.
6. It provides a sense of job satisfaction to the employees and reduces boredom
and monotony.
7. Barriers among the department also began to breakdown due to
implementation of these systems.
8. KAIZEN can be an excellent prelude to the implementation of suggestion
systems.
9. KAIZEN also helps in carrying out performance appraisal of employees
objectively.
10. KAIZEN helps in value addition to the product or service at least cost by
reducing wastages of any kind in the organization. Thereby this contributes
significantly to the overall productivity improvement.
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CONCLUSION
The KAIZEN system though simple has profound effect on the health of the organization
as a whole as seen from the above benefits Japanese success stories also stand
testimony to this. The beauty of this system is that the improvements are pulled by the
employees not pushed by the management and also it sets in motion a change in the
culture by initiating attitudinal changes. This is the reason that these systems had
attracted the Japan. India too is not lagging in this respect. There are many Y
companies which have successfully implemented this system with encouraging result
many are in the process of implementing this system. A developing country like India can
benefit a lot from this system to build competition edge to fact global competition
effectively.
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Chapter - 40 : PRINCIPLES OF HEALTH CARE MANAGEMENT

HOSPITAL –
LATIN – PLACE WHERE GUESTS ARE RECEIVED
MANAGEMENT –
SCIENCE AND ART OF GETTING THINGS DONS THROUGH PEOPLE TO
ACCOMPLISH THE GOALS AND OBJECTIVES OF THE ORGANIZATION.
HEALTH CARE MANAGEMENT – HOW DIFFERENT
•
•
•
•
•
•

SERVICE
HUMANITY
RISKS
RESOURCE CRUNCH
PROFITABILITY – NOT THE MOTIVE
PERFORMANCE – DIFFICULT TO MEASURE
HOSPITAL – AS A FORMAL ORGANIZATION

TECHNOLOGY	
  

STRUCTURE	
  
SHAPE	
  OF	
  THE	
  
ORGANIZATION	
  

METHOD	
  OF	
  
FUNCTIONING	
  
GOAL	
  
BASIS	
  OF	
  ORGANISATION	
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GOALS	
  AND	
  OBJECTIVES	
  

Ø

CARE	
  

Ø

CUSTODY	
  

PREVENTIVE
CURATIVE
PALLIATIVE
REHABILITATIVE

SHORT TERM
LONG TERM
Ø TRAINING
Ø RERSEARCH
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TYPES	
  

Ø
Ø
Ø
Ø
Ø

OWNERSHIP
OBJECTIVES
SIZE
LEVEL OF HEALTH CARE
SYSTEM

RESOURCES	
  +	
  MANAGEMENT	
  	
   	
  
Ø
Ø
Ø
Ø
Ø
Ø
Ø

PATIENTS	
  CARE	
  

MONEY
AREA + BUILDING
EQUIPMENT
MATERIAL
INFORMATION
TIME
PEOPLE

MANAGEMENT	
  

PLANNING
ORGANIZING
STAFFING

GETTING READY TO MANAGE

DIRECTING
CONTROLLING
REVIEWING

ACTUAL MANAGING

COMMUNICATING
COORDINATING
DICISION MAKING

MANAGEMENT PROCESS
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TYPES	
  OF	
  MANAGEMENT	
  

MANAGEMENT	
  BY	
  OBJECTIVES	
  
MANAGEMENT	
  BY	
  SYSTEMS	
  CONCEPT	
  

THEORIES	
  OF	
  MANAGEMENT	
  

1.
2.
3.

TRADITIONAL MODEL –TAYLOR
(SCIENTIFIC)
HUMAN RELATIONS MODEL
HUMAN RESOURCE MODEL

PLANNING	
  
Ø AN ATTEMPT TO CHALK OUR
FUTURE COURSE OF ACTION
AND MEANS TO ACCOMPLISH

Ø UNKNOWN
FUTURE

–
-

BETTER DEALT
TO SOME EXTENT MADE TO HAPPEN

Ø INVOLVES

-

OBJECTIVES
POLICIES
PROGRAMMES
RULES
BUDGET
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POLICIES	
  
Ø DERIVED FROM OBJECTIVES
Ø GENERAL STATEMENTS
Ø TO GUIDE THE DECISIONS AND ACTIONS OF SUBORDINATES

CONSTRAINTS	
  
FORCES WHICH REGULATE OR RESTRICT HOSPITAL ACTIVITIES

Ø GOVT. REGULATIONS
Ø STANDARDS
Ø ENVIRONMENT
v POLITICAL
v SOCIAL

ORGANIZING	
  

A COORDINATED NETWORK OF JOB POSITION, RESPONSIBILITIES
AND AUTHORTY
LINE
AUTHORITY
STAFF
Ø

Ø
Ø

SPAN OF MANAGEMENT
NARROW
WIDE
UNITY OF ACTION AND COMMAND
ORGANIZATION CHART
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DELEGATION	
  

PROCESS OF DECENTRALISATION
Ø
Ø

ADVANTAGES
SHORTCOMINGS

STAFFING	
  

HUMAN RESOURCE NEEDED TO
ACCOMPLISH HOSPITAL OBJECTIVES
Ø

MATCHING JOB STAFF

DIRECTI0N	
  
TO MOVE INTO THE DESIRED ACTION
Ø
Ø
Ø

TRAINING
SUPERVISION
DISCIPLINE

LEADERSHIP	
  
NEED
TYPES

- AUTOCRATIC
- DEMOCRATIC

MOTIVATION	
  
Ø

DEFINITION

INNER URGE THAT MOVES A PERSON IN A PARTICULAR WAY
Ø

NEED
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MORALE	
  

Ø
Ø

STATE OF MIND AND LEMOTION INFLUENCING THEIR WORK
COMPOSITE OF ATTITUDES, BELIEFS AND HOPES

COMMUNICATIONN	
  

A	
  PROCESS	
  
WHEREBY	
  

Ø

-‐
-‐
-‐
-‐
-‐
-‐

TRANSFERRED
BETWEEN

- WORKERS
- GROUPS OF
WORKERS
- MANAGEMENT

A CATALYST
-‐ FORMAL
-‐ INFORMAL

Ø

INFORMATION
STATISTICS
THOUGHTS
OPINIONS
SENTIMENTS
RUMOURS

MEDIA
TYPE

- UPWARD
- DOWNWARD
-‐ SIDE
CHOICE

DIRECT
CLEAR
BRIEF

FEEDBACK
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CO-‐ORDINATING	
  

Ø

BRINGS TOGETHER
TASKS, JOBS, PROGRAMME AND BUDGETS
AS TO
PLACE, TIME, QUALITY AND SEQUENCE
TO PRESENT
ONE COMMON OR UNIFIED ACTIVITY AND EVENT

ACCOMPLISHES
OBJECTIVES

WITH
MINIMUM
WASTE OF

EFFORT
MONEY
OTHER
RESOURCES

CONTROLLING	
  
Ø

ENSURES ADHERENCE TO PLANS
FOR PROGRESS TOWARD THE
ACCOMPLISHMENT OF OBJECTIVES

Ø

WORK PERFORMANCE

MEASURED
EVALUATED
COMPARED

-‐
-‐

QUANTITATIVE
QUALITATIVE

-‐

TO TAKE

IN RELATION TO
- EXPECTATION
- STANDARDIZATION

CORRECTIVE MEASURES
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REVIEWING	
  

Ø A RETROSPECTIVE CRITICAL EXAMINATION OF THE
MANAGEMENT SYSTEM MADE LWITH A VEW TO IMPROVEMENT

CONTROLLING	
  

REVIEWING	
  

ENSURING WHAT IS PLANNED TO
BE DONE
- WAS DONE OR NOT
-‐

WHY

-‐

HOW

TAKES A NEW LOOK AT THE
TOTAL PICTURE OF NOT ONLY
WHAT HAS BEEN DONE, BUT HOW
IT HAS BEEN DONE

AND
WHETHER
IT COULD HAVE BEEN DONE
BETTER

DECISION	
  MAKING	
  

ACTION RESULTING IN

PROBLEM

A RESOLUTION OR JUDGEMENT
ON A

OR

ISSUE

MATTER
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STEPS	
  
Ø
Ø
Ø
Ø
Ø
Ø
Ø

DEFINE PROBLEM
ASSEMBLE INFORMATION
ANALYSIS
EVALUATION
DEVELOPMENT OF ALTERNATIVES
DECIDING ON LBEST ALTERNATIVE
IMPLEMENTATION
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Section – F
MISCELLANEOUS
Chapter - 41 : WOMEN AT WORK
(Influence of occupation on reproduction)
INTRODUCTION:
The role of women in our society as per our tradition is considered to be child bearing
and child rearing. The modern woman has combined the job of home providing with
employment. The women employment has increased in last 30 years. In western
countries the percentage has increased to > 60%. In our country the women employment
in organized sector is approximately 13.28%.
PHYSIOLOGY
The working environment may affect male, female or both the partners during the
following steps of reproduction.
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Fertilization	
  

Mating	
  

	
  

Zygote	
  

Blastocyst	
  

Oogenesis	
  

Spermatogenesis	
  

Puberty	
  

Implantation	
  

Fetogenesis	
  

Birth	
  

Maturation	
  

Lactation	
  

406	
  
	
  

The Gametogenesis differs radically between male and female. The female is born with
a definite number of oocytes. The original oogonia are not present in the ovary for
renewal .The primary oocytes are in their arrested development and they are relatively
resistant to mutagenic damage. The oocytes start growing actively during ovulation. At
that time it becomes more sensitive to genetic injury. The male gametes are formed
continuously therefore they are more susceptible to genetic damage.
After conception then period of maximum teratogenicity in man lasts until the ninth week
of gestation. But the central nervous system is vulnerable even in the third trimester of
pregnancy.
The reproductive toxins can be classified under chemical, physical or microbiological a
agent who causes reproductive impairment in adults or development impairment in
embryo, foetus or child. A psychological and social factor at occupation has a relevance
to potential reproductive hazards.
I)

CHEMICAL
a)

Metals:
(i)

Lead used in earth ware and china works factories and in manufacture
of storage batteries is a reproductive toxin. In men when the blood level
of lead goes beyond 70/ug/100 ml
concentration, it causes
oligospermia, a decreased sperm motility and increased abnormal
sperms in semen. The fetus, child, and the females are more sensitive
to lead .At 40/ug/100 ml the effect of lead poisoning are evident. The
Hb synthesis is disturbed. It can cause spontaneous abortion in
females.

(ii) Mercury: This is used in Mercury Vapor Lamp Factory. Both organic
and inorganic forms enter the fetus through placenta and cause severe
neurological damage and cerebral palsy. The birth defects in these
patients exposed to mercury is very high in as much as 6%.
b)

Pesticides:DBCP (1, 2 Dibromo 3 Chloropropane): Men working in these
factories has Oligo or Azoospermia.

c)

Sterilizing agents:Ethylene Oxide used in food industry, textile industry, and
surgical Instruments sterilization and also used as an agriculture fungicide.
When exposed in high concentration, it can cause spontaneous abortion.
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d)

Organic solvents: carbon- di – sulphide reduces sperm count and induces
abnormal sperm morphology. Benzene, toluene, and xylene have same
effect. In females it causes menstrual disorders such as dysmenorrheal,
menorrhagia and inter- menstrual bleeding.

There is an inverse proportion between length of contact between DBCP and sperm
count. If the person is withdrawn from this pesticide environment the effect is reversible.
The other insecticides containing chlordecone also result in testicular toxicity. In female’s
chlordecone, aldrin, dieldrin and DDT are responsible for spontaneous abortion and birth
defects.
e)

II.

Pharmaceuticals industry:
(i)

Estrogen preparation produces Gynecomastia, loss of libido,
impotence, azoospermia and metabolic disturbances associated
with high estrogens in males. In females estrogen causes menstrual
irregularity, ectopic pregnancy and premature labour. Use of
diethylstilbestrol by pregnant women to decrease spontaneous
abortion resulted in teratogenic effects in female babies. In these
babies adeno-carcinoma of vagina developed under the age of 30
years.

(ii)

Chemotherapeutic drugs with its cytotoxic effects can cause
mutations, congenital malformation and spontaneous abortion.

(iii)

An anesthetic gas causes spontaneous abortion.

(iv)

Antibiotics: Penicillin and erythromycin group of antibiotics are safe
in pregnancy. Tetracycline and chloromycetin are totally contra
indicated during pregnancy. Aminoglycosides (Gentamycin,
Amikacin, Tobramycin, Kanamycin and Streptomycin) are used to
be sued with great caution .Of the anti- tuberculosis drugs
Rifampicin causes liverdamage and increases SGOT and SGPT
levels in blood.

(v)

Anti-coagulants: Valproate causes increased malformations in
fetuses is used during Pregnancy.

PHYSICAL
a)

Radiation:
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Ionizing radiation: At the time of ovulation the primordial follicles stats
growing and exposure to radiation (x-ray) is harmful. The other radiation
hazards are genetic changes, malformation, cancer formation (leukemia),
ulceration, sterility and in extreme cases death.
Exposure of pregnant women to level of radiation more than 200 m. leads
to birth defects; sperm production is suppressed by doses as low as 150
msv.
Non ionizing radiation:The opinion is divided. More control studies are
required. The workers in radar factory were noticed to have decreased
spermatogenesis. Altered sex ratio of births, changes in menstrual pattern,
congenital defects in new born and decreased lactation have been
attributed to occupational exposure of mothers to high level of radio
frequency radiation.

III.

b)

Noise:Daily exposure throughout pregnancy to 85-95 DBA causes risk of
high frequency Hearing loss.

c)

Vibration:A WHO Report suggests that vibrations can cause changes in
female pelvic organs and menstrual disorders. Ultrasound has no effect on
pregnancy.

d)

Temperature:Male working near hot furnace or in an atmosphere where
temperature is Increased by 2.5-3 degree centigrade show depressed
sperm count.

e)

Exercise: Heavy exercise such as ballet dance practice, military training in
females can give rise to high incidence of primary or secondary
amenorrhea and irregular menstrual cycle. Same disturbances are also
reported in women athletes

MICROBIOLOGICAL:
Maternal infection during pregnancy with rubella, cytomegalovirus, herpes
simplex, herpes zoster or varicella results in adverse effects in the fetus. The
extent and range of the abnormalities will depend upon the stage of pregnancy is
affected. Mumps causes orchitis in males. The infection is usually unilateral
affection of testis causing testicular atrophy. Therefore, sterility may not result.
Infection with HIV virus (AIDS) may result as an occupational hazard in those
personnel associated with health care. It crosses the placenta and infects the
fetus.
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IV.

PSYCHOLOGICAL FACTORS:
Tobacco:
Smoking in women causes menstrual dysfunction, substantial
impairment of fertility, increased incidence of abortion and IUGR.
In male sperm count and motility are reduced morphologically abnormal sperms
are increased
Alcohol: Amount of alcohol consumption if increased more than 80 gms/day can
cause IUGR and adverse mental and motor development and impaired
conditioning in 30-40% of newborns.
Drugs: Abuse of marijuana, heroin, cocaine have been associated with alteration
in sexual behavior infertility, prevention of implantation, embryo toxicity, and
impaired, parturition. It also results in failure of lactation and maternal neglect of
offspring- all stages of reproduction are affected.
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Chapter - 42 : BASIC TYPES OF INVENTORY CONTROL SYSTEMS

BASIC TYPES OF INVENTORY CONTOROL SYSTEMS
In controlling any type inventory, two fundamental questions must be answered. These
are
(I)

when to replenish the inventory and (ii) how much to order for
replenishment.
It is difficult to classify the various inventory control systems of modern
times since there are many variants of each method. There are two
systems that can be most conveniently differentiated in terms of the
variables under the control of decision- marker. These variables are: - the
frequency of ordering and the amount ordered. It is obvious that for the
case where the demand is known with certainly, these two variables are
really one. However, under the fluctuation in demand. He can do it either
by varying the frequency with which he orders or by varying the amount he
orders. These two possibilities result in the systems.

1.

The Re- order point System (The Two Bin System):
In this system, the inventory re- orders quantity is fixed, and the frequency
of ordering varies and is determined by the fluctuations in demand. This
system operates by determining some amount of stock based on the time
lag between orders and deliver which is the signal that another order of the
given fixed amount must be place. Whenever the stock in hand drops to
the pre- determined level referred to as the re- order level, an order for the
fixed quantity is immediately placed.
This is known also as the Two Bin System. The two bin system separates
the stock of each item into two bins, one bin containing stocks of satisfy
demand between the arrival of one order and the placing of next order and
the bin containing enough stock to satisfy probable demands during the
period necessary for replenishment. When the stock in the first bin is
depleted then a re- order is placed immediately; and the stock is drawn
from the second bin until receipt of the good ordered.
In the case of items for which demand and replenishment time can be
predicted with some degree of accuracy, the two bin system once
established possesses a high degree of automaticity. It decreases the
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need for taking physical inventory since the establishment knows when the
time for placing new order arrives.
2.

The Periodic Review System (or Ordering Cycle System):
This system has a fixed order period and therefore, sets the size of the
order varies with fluctuation in demand. Periodic re- ordering systems are
popular and frequently used particularly, where it is convenient to examine
inventory stock on a fixed time cycle, egg. In warehouse control or in
system where orders are placed mechanically and inventory balances on
individual items will be periodically reviewed say once a month, once in
three months etc. once this has been decided, it remains to determine the
quantity to be ordered each time an order is placed. The amount that is
ordered will vary in accordance with whether the amount in inventory at the
time of review is lower or higher than the average demand.
The average amount that will be orders is determined from the analysis of
the demand and the fluctuation in demand around the average are added
to this amount to determine the total size of the order. There are a few
variations in operating this system.
1.

In the first one, the amount of order is one, which brings the
inventory position or the mount on hand plus the amount on order
up to a level R. The ordering rule then is always “order upto R”.

2.

An alternative operating doctrine is to make procurement at a review
time only if the inventory position of the amount on hand plus is less
than or equal to ‘n’. In such a case, sufficient quantity is ordered to
bring the appropriate inventory level upto R (R>n).

Comparison of the Two Basic Systems:
The major difference between the Re- order level system and ordering cycle system is
that in the case of the latter, all fluctuations in determining the reserve or the safety
stock. Since there is no flexibility in the order period, any fluctuation in demand must be
from stock carried for that purpose.
When inventory costs are significant and measurable, the ROL system is usefully
preferable, since replenishment system gives no explicit consideration to costs. Also
when the supplier places minimum or package quantity restrictions on the ordering of
individual items, the Re-order point system is usually preferable because it is easier to
make one time adjustment of a fixed economic order quantity than to continually adjust a
variable order quantity.
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In contrast, the replenishment system or the ordering cycle system is preferable where
car load restricted apply to the total order placed with one vendor for a number of
individual items. This system is also preferable when the supplier will ship only on fixed
dates.
Which system to be chose ?
If accurate and current perpetual inventory record keeping is already exiting and if the
inventory costs can be satisfactory estimated and if the use of re- order point rules can
be readily integrated with the work of perpetual record keeping, then the recorder point
system should be used. Incidentally, the use of perpetual inventory records is more likely
to be justified when the volume of item movement is relatively high in comparison to the
volume of inventory transaction (demand and recorders). Perpetual records are often
kept on limited number of the so called ‘A’ items (item with, frequent transactions, high
unit costs), whereas periodic often suffice for the remaining large proportion of the
inventory (items with infrequent consumption), how unit volume per transaction and low
unit costs).
Where it is desired to have the inventory systems respond quickly to change in the
consumption/sales pattern, sometimes the replenishment levels and the optional
replenishment system is preferred. But two factors should be borne in mind. First,
sudden changes in the most recent demand may be purely random, and a system which
reacts very quickly to such changes may be worse than a system which reacts slowly.
Second, the response of the replenishment level, based on recent average sales. This
would depend upon the availability of Electronic Data, Processing equipment and if such
equipment is available, recorder point quality can also be re- computed quickly.
Although the replenishment system reacts quickly to high sales, it responds to low sales
by keeping the inventory level fairly close to the maximum stock level, with frequent
recorders for small quantities. The optional replenishment system, however, responds to
low sales in the same manner as the fixed order quantity system dose, by referring the
re- order until the re- order point is reached. Thus it is has the advantage of both the
other systems in so far as reaction to changing sales rates is concerned. The main
advantage of the periodic review system lies in the regular pre- determined dates of
ordering (or production), when often greatly facilities planning and control.
When review costs are ignored, the Recorder level system always has lower average
annual cost all other things being equal, than a periodic review system. The principle
reason for this is that is that in the periodic review system insufficient safety stock must
be held to offer protection against shortages over a greater length of time. Thus the
periodic review system will require higher safety stocks and have higher costs.
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Chapter - 43 : ORGNISATION & FUNCTION OF OCCUPATIONAL HEALTH
SERVICES
Aim of Occupational Health – ILO/WHO – “The promotion and maintenance of the
highest degree of physical, mental and social well –being of workers in all occupational,
the prevention amongst workers of diseases caused by their working conditions; the
protection of workers of their employment from risks to health, the placing and
maintenance of the worker in an occupational environment adapted to his physiological
and psychological equipment, and to summarize the adaption of work to man and each
man to his job”.
This aim could bed achieved through the following activities of the Medical Service in an
industrial establishment:

I.

Curative:
(1)
(2)

II.

Immediate treatment of medical and surgical emergencies occurring at the
place of employment.
Complete treatment of families and employees not covered by Employee’s
State Insurance Scheme.

Preventive:
(1)

Pre- employment Medical Examinations.

(2)

Periodic Medical Examination – Maintenance of individual and group
sickness records (Medical Record Card).

(3)

Specific Examination of;
(a)
Persons returning to work after long illness or injury.
(b)
Persons who are for transfer or promotion.
(c)
Persons exposed to occupational hazards.

(4)

Follow –up Examination of:
(a)
Persons suffering from chronic ailments like Tuberculosis, Leprosy,
Diabetes, Heart diseases etc.
(b)
Persons rehabilitated after accident and injuries.

(5)

Preventive inoculation – smallpox, cholera, typhoid, tetanus etc.
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III.

(6)

To study and working environment and their effects on health of the
employee through Industrial Hygiene Surveys and job analysis.

(7)

Accident prevention campaign.

(8)

Canteen: Medical supervision to ensure cleanliness, good quality and
physiological adequacy (caloric value) of the food.

(9)

Crèche: Medical supervision of children with respect to health and nutrition
and prompt treatment of all illness and preventive inoculations.

(10)

Family planning Activities – eg. Advice, Exhibition, Sterlisations.

Training and Education:
(1)
(2)

(3)

IV.

Training in “First – aid to the Injured.”
Health and safety education of employees- personal hygiene, sanitation,
ante- natal and post- natal care (to mothers), family planning, nutrition, etc.
by posters, leaflets, talks, health weeks, films etc.
Advice to employees on all health matters relating to their work and
working capacity.

Advisory:
(1)

(2)
(3)
(4)
(5)

(6)
(7)

The hygiene of work place – (lighting, ventilation, sanitation, anti- mosquito
measures, water supplier, washing facilities and other aspects of working
environment – heat, humidity, noise, vibration, dusts, gas etc.) which may
effect the health of employees.
Architectural plans at the blue- print stage should be discussed with
Industrial Physician.
The general health of workers – sickness absence statistics.
The occurrence and risk of dangerous hazards – advising on the control of
hazards.
Accident prevention campaign – participation in safety committee
departmental committee – investigation and analysis of accident and
recommendation to prevent recurrence.
Statutory requirement in relation to health, safety and welfare – E.S.I.C.
Factory Acts, Workman Compensation Act, Maternity Benefit Act, etc.
Rehabilitation – persons returning after sickness or injury – work may be
recommended in accordance with patient’s conditions.
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(8)

V.

Committee – advise those committees viz. works committee, safety
committee, welfare and benefit fund committee, canteen committee etc. or
problems pertaining to health, safety and welfare of the employees.

Liaison :
Liaison with outside agencies viz. Factory Inspection Office, E.S.I.C. Hospitals,
Panel Doctors, Medical Associations.

VI. Research:
Environment hygiene – nutrition – occupational disorders – mental health etc.
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Chapter - 44 :

EMERGENCY MEDICAL RESPONSE – MEDICAL ORGANISATION
FOR MAJOR ACCIDENT HAZARD CONTROL

The history of mankind is also the story of his misfortunes and will always remain so.
Man’s carrier down through the centuries has frequently been encountered by the
emergencies of some kind or other. Earth quakes, flood, draughts and outbreak of
various endemic or epidemics where the naturally occurring situations in the yester
years. We are now faced with the emergencies created due to the hazards of our own
inventivity.The rapid industrialization in recent times has changed the life style of the
people. The industrial revolution – at a cost of peace and tranquility- has been accepted
as a necessary evil .slow and steady destruction of life and health which began when the
place work shifted from cottages to mills and later to factories of many kinds. In recent
years an unbridled and explosives growth of technology has broken the frontiers of
confine operations into the open world. As a result the most important wealth- the healthof the man started getting adversely effected.
This change leads to the new dimensions and have advanced the health care into a
known traditional area and ushered in an era of occupational health. This era has many
facts of specialization like ecological, physical and mental. A recent industrial disaster in
country and outside has added a new concept of specialty in the management of major
accidents/disasters. This has established that the health is no longer a simple disease
oriented medical business but is of a great humanitarian importance of human
concerned. The doctors commitment is no more only confined to dealing with personal
misfortunes such as sickness and simple injuries, but, embraces also the wider sphere of
community misfortunes resulting from naturally occurring and manmade disasters. And
to cope up with this added responsibilities the medical profession has to re organize
itself with the updated and specific knowledge of emergency medical management .the
medical personnel performs the duties for which they are trained and in a location in
which they are used to work .For the management of major accident victims leading to
emergency situations a distinction has to be made between the routine and alerting
duties. This needs the specific responses in such situation. Therefore the medical
responses in emergencies has to be well planned and organized so that in case of major
emergencies victims can be managed medically in the best possible manner and without
any delay.
MEDICAL ORGANISATION FOR EMERGENCY:
The emergency medical responses aimed at in reducing the “delay time”. As a general
rule a casualty is ought to be offered the treatment as the earliest possible time. When
faced with a scarcity of man power and materials, which is normally encountered during
emergency conditions, it has to be ensured that the proper deployment of the resources
take place. The most important factor in the relationship between the prognosis of
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victims and the interval of time elapsing between sustaining the injuries are the
availability of medical care. This later period is called the ‘delay time”.
The medical response should be planned in such a away so that it is capable of setting
in motion the proper responses from various components of the medical care system.
The medical organizations for getting the proper responses in emergencies (industrial
major accidents) have mainly three components.
(i)

Organization at site:
Medical organization at site is needed for early identification and elimination of
human error risk factors due to physiological and pathological causes, planning
and executing the rescue operations, effective first aid management, training for
minimizing the after effects of major accidents and constitution of ‘TRAUMA
TEAM’ for rescue and first aid operations are also the integrals part of the onsite
medical organization.
Effectiveness of this will depends on factors like location of first –aid centre,
capability of personnel and availability of trauma team. Plan of actions to receive
the victims, their codification, first aid and transportation to the neighboring
hospitals should be complete in all respects.

(ii)

Transportation of victims:
The transportation and allocation of victims to the hospitals need to be organized.
The medical care rendered during transportation minimizes death and reduces
complications.Net working arrangement and round –the- clock readiness should
be the essential feature of the ambulance services. For this co-ordination
between concerned agencies is necessary.

(iii)

Organization in the hospital:
Primary requirement for drawing plans for the hospitals to cope up with
emergencies arising out of major accidents is the identification of nodal hospitals.
A large hospital will only be able to take up such responsibilities. For management
of major accident victim a distinction has to be drawn between the routine and
alerting duties. The special plans for receiving the victims, codification, distribution
and early medical management, should be capable of setting in motion the proper
responses from the various components of the hospital service. The time period
should be also arranged that the initiation of each segment of the plan is made in
the least possible time. Standardizing the various medical procedures like
anesthesia, immobilization, dressing, resuscitation and medication will give the
needed care with the minimum time loss.
419	
  

	
  

CRASH TEAM
A well planned and optimum medical response helps the victims in a great way.
The chances of the survival and reducing the complication increase with this. The
availability of crash team adds to the efficiency of such organization. The team
consists of one surgeon, one anesthetist, one or two theatre sisters, and one
casualty sister with other supporting Para-medical staff. The purpose of the team
is to assist the casualty in the disaster area, to step up the treatment capacity of
onsite medical centre and nearby hospital and to relay the detailed medical
information to surrounding hospital.
USE OF STANDARDIZATION PRINCIPLES IN EMERGENCY FOR EFFECTIVE
MEDICAL RESPONSES
As a rule, the medical management of victims in disaster emergency situation has
to be done under scarcity conditions. Under these situations proper classification
and its standard digestion helps in assessing the individuals for appropriate
medical care. Nature extend and severity of the injury , the urgency of treatment,
mode of medical procedures including standard medications all will contribute in
the reduction of delay time factor and thereby helping the victims.
To classify the victims the standard classification is as follows:
I

-

with disturbance of vital functions.

II

-

seriously injured, require initial treatment and possibly subsequent
surgery.

III

-

slight injury, may return home after treatment.

The standard codes for the specific injuries should be standardized. For example
the
codes for chest injuries can be
CODE

1.
2.
3.
4.
5.

DESCRIPTION

CHEST WALL STIFFNESS
SIMPLE RIB OR STERNAL FRACTURE
MULTIPLE RIB FRACTURES WITHOUT RESPIRATORY
EMBRACEMENT
FAIL CHEST
AROTIC LACERATION
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As soon as a victim is received immediate classification as mentioned above is done and
a tag is attached with the proper code. This evaluation will be much help in instituting the
proper medical care in the hospital.
In the hospital the various medical procedures should also be standardized so that the
doctor on duty can take the benefit of these procedures. It should always be
remembered that the immediate objective of disaster victim medical is life supporting.
Later on the cases can be further evaluated and necessary treatment given.
MEDICAL RESPONSES FROM NON-MEDICAL PERSONNELS/ ORGANISATIONS
Police, transport, fire brigade and civil defense organization has a big role in providing
the needed medical care in cases of emergency situations. Though they are essentially
anon- medical set up, their responses will have a direct bearing on the victim’s condition.
Responses from voluntary organizations are also equally important. The large quantity of
blood, water, food, medical supplies, all will require active and quick response from such
voluntary organizations in the proper medical management of the cases.
Lastly, it is always kept in mind that the medical management follows “all or none” law
and therefore, planning and development to get the best medical response will require
development of all component of the emergency medical management. In the absence
of any component of emergency medical service which may appear very minor may
cause increase in the delay time factor.

421	
  
	
  

	
  	
  	
  	
  

MEDICAL	
  ORGANISATION	
  

	
  
	
  
	
  

Emergency	
  Planning	
  

Post	
  Disaster	
  

During	
  Disaster	
  

(Pre-‐disaster)	
  

	
  
Pre-‐
hospitalisation	
  

	
  

In	
  
hospital	
  

Post	
  
hospital	
  

- Follow- up
O.P.D.

-‐	
  	
  	
  Domestic	
  
mobile	
  
O.P.D.	
  for	
  
patients	
  
not	
  
requiring	
  
hospital	
  
stay	
  

	
  
	
  
	
  

-‐ On-site planning
for rescue, firstaid, Evaluation,
disposal

	
   -‐ Transportation
	
   -‐ Guidelines

preparation

	
   -‐ Educatoin &
training
-‐ Offsite planning,
casualty,
hospital,
standard
treatment, guide
-‐ Constitution of
trauma team
and their training

-‐
	
  
-‐
	
  
-‐
	
  
-‐

Communication	
  
Evaluation	
  
Transportation	
  
Public	
  
Information	
  

- Medical
Management
of victims
for early
recovery

	
  
-‐ Coordination	
  
with	
  other	
  
agencies	
  
	
  
-‐ Codification	
  of	
  
victims	
  
	
  
-‐ First	
  Aid	
  

-‐

	
  

-‐ Preparedness
rehearsals

	
  

Reception	
  and	
  
Attention	
  in	
  
casualty	
  

Appeal	
  for	
  
blood	
  
donatoin	
  

Medical	
  
bulletin	
  
issue	
  

Appeal	
  for	
  
keeping	
  all	
  
shops	
  open	
  

Information	
  to	
  
police	
  for	
  maintain-‐
ing	
  law	
  and	
  order	
  

422	
  
	
  

PUBLIC	
  HEALTH	
  REHABILITATION	
  
	
  
Disaster	
  Site	
  

Casualty	
  Nest	
  

	
  

	
  

First	
  Aid	
  

Distribution	
  

HOME	
  

Preparation	
  
for	
  
transportation	
  

Transportation	
  
by	
  ambulance	
  

Hospital	
  
Casualty	
  

Transportation	
  
by	
  any	
  vehicle	
  

Scheme	
  of	
  on-‐site	
  rescue	
  and	
  first-‐aid	
  operation	
  including	
  
evaluation	
  before	
  disposal	
  

423	
  
	
  

HOSPITAL	
  CASUALTY	
  

I	
  
Emergency	
  room	
  

II	
  
Casualty	
  theatre	
  

III	
  

IV	
  

Casualty	
  
treatment	
  room	
  

Mortuary	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  X-‐ray	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  E.C.G.	
  ,	
  E.E.G.	
  Labs.	
  

Intensive	
  
Care	
  

Operation	
  
Room	
  

HOME	
  

Wards	
  

Scheme	
  of	
  work	
  in	
  hospital	
  
casualty	
  (Off-‐site	
  Plans)	
  

424	
  
	
  

Chapter - 45 : EVALUTION OF INDUSTRIAL INJURIES
Evaluation of industrial injuries is done for the purpose of assessing the compensation to
the effected worker. For this, we have a very comprehensive Act known as “Workmen’s
compensation Act” which was framed in 1923 and amended in 1963. This Act is not
interested merely in physical disability because compensation cannot be paid for any
physical disability unless there is loss of earning capacity. The loss of earning capacity is
proportional to the loss of function of the affected part of the body.
Industrial injury or accident means any organic injury or functional disturbance whether
immediate or subsequent, or death, occurring suddenly in the course of the employment
or in consequence thereof, irrespective of the place or time where it occurs.
The consequence of any of the aforesaid injuries may be:
Ø Temporary incapacitation.
Ø Permanent partial incapacitation.
Ø Permanent total incapacitation.
Ø Death.
Schedule and non- schedule injuries:
Estimation of disability in non- schedule injuries depends on loss of earning capacity
which is proportional to loss of function.
Components of Function:
1) Motion.
2) Strength.
3) Co- ordination.
Upper Extremity
Function is prehension or grasping of object. The two radicles of upper extremity are:
Arm Radicle: Shoulder + Elbow +Wrist = 90%
Shoulder joint: 90/3 = 30% as each joint is given an equal value.
The loss of each factor in the shoulder is estimated.
E.g.

1) Motion

50%

2) Strength

33%

3) Co- ordination

30%
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The fundamental loss of arm radical is equal to maximum loss of any of its components.
The disability for the elbow and wrist should be estimated on the same line.
Total disability of arm radicle is equal to disabilities of Shoulder + Elbow + Wrist.
Hand radicle:
The three components are:
a) Thumb finger apposition
b) Finger palm grip
c) Inter digital grip

=
=
=

40% of the value.
30% of hand.
30% of hand.

Loss of hand or of thumb and four finger of one hand =

80%

Thumb finger 40% of 60%

=

24% apposition.

=

18% grip.

Inter digital

=

30% of 60%

Finger palm grip

=
30% of 60%
=
18%
-------------------------------------------------------------------------------------Total 100%
=
60%
--------------------------------------------------------------------------------------

Disability of entire extremity is maximum disability of the two radicles.
As:Disability of arm radicle

50%

Disability of hand radicle

30%

Disability of entire extremity

50%

Lower Extremity:
Function is weight bearing. Hence stability is the key note.
The three components of functions are:
1) Motion, 2) Strength, 3) Weight bearing.
Each joints are: Hip + Knee + Ankle + 90%
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Each joint is equal to 30%. The disability is calculated in the same way as upper
extremity.
Spine: Consists of 7 Cervical, 12 Dorsal, 5 lumber, 5 Sacral and 4 cocceygeal vertebrae.
The most important lesion are compression fracture of the body of the vertebrae.
Lumber Region

50% to 100%

Dorsal Region

25% to 50%

Cervical Region

20% to 30%

Fracture of spinous or traverse process 5 to 10%.
Thorax:fracture of 1 rib usually no disability.
3 – 4 ribs = 5 to 10% when there are after effects.
Sternum = 5 to 10%
Head injuries:
Disability evaluation depends upon after effects:
a)
b)
c)

General symptoms :
Mental symptoms :
Focal symptoms
:

Headache, giddiness.
Inability to concentrate.
Hemiplegia, etc.

Headache and giddiness = 10% - 20%
Focal symptoms – depends upon part evaluated.
Eye:
Loss of vision of one eye =30%
Loss of vision of both of eyes =100%
(Disability is estimated without glasses).
6/18 : 30% loss of vision

= 9% permanent partial disability.

6/24 : 40% loss of vision

= 12% permanent partial disability.

6/30 : 50% loss of vision

= 15% permanent partial disability.
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Ear:
Total loss of hearing is 50%
Loss of hearing of one ear is 15% voice 25% to 50%.
Trauma & Disease Occupation & Dis.
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Chapter - 46 : INDUSTRIAL MEDICINE SERVICE
Aim of Occupational Health – ILO/WHO “the promotion and maintenance of the highest
degree of physical mental and special well-being of workers in all occupations, the
prevention amongst workers of diseases caused by their working conditions; the
protection of workers in their employment from risk to health, the placing and
maintenance of the worker in an occupational environment, adapted to his physiological
and physiological equipment, and to summarize the adaption of work to man and each
man to this job”.
This aim could be achieved through the following activities of the medical service in an
Industrial Establishment:
I. CURATIVE:
1.
2.

Immediate treatment of medical and surgical emergencies occurring at the
place of employment.
Complete treatment of families and employees not covered by Employees’
State Insurance Scheme.

II. PREVENTIVE:
1.
2.
3.

4.

5.
6.
7.
8.

Pre-employment medical examinations
Periodic medical examinations – maintenance of individual and group
sickness records (medical record card)
Specific Examination of:
(a)
Person returning to work after long illness or injury
(b)
Persons who are for transfer or promotion]
(c)
Person exposed to occupational hazards
Follow-up Examination of:
(a)
Persons suffering from chronic ailments like Tuberculosis, Leprosy,
Diabetes, Heart diseases etc.
(b)
Persons rehabilitated after accidents and injuries.
Preventive inoculation – small pox, cholera, typhoid, tetanus etc.
To study and working environment and their effects or health of the
employees through industrial hygiene surveys and job analysis.
Accident prevention campaign.
Canteen medical supervision to ensure cleanliness good quality and
physiological adequacy (caloric value of the food.)
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9.
10.

Creche: medical supervision of children with respective health and nutrition
and prompt treatment of all illness and preventive inoculations.
Family planning activities: eg. Advice, exhibition, sterilizations.

III. TRAINING AND EDUCATION:
1.
2.

3.

Training in “First-aid to the injured”.
Health and safety education of employees – personal hygiene, sanitation,
ante-natal and post-natal care (to mothers), family planning, nutrition, etc.
by posters leaflets, talks, health weeks, films, etc.
Advice to employees on all health matters relating to their work and
working capacity.

IV. ADVISORY:
1.

The hygiene of work place – (lighting, ventilation, sanitation, anti-mosquito
measures, water supplies washing facilities and other aspects of working
environment – heat, humidity, noise, vibration, dusts, gas, etc.) which may
affect the health of employees.

2.

Architectural plans at the blue-print stage should be discussed with
industrial physician. The general health of workers – sickness absence
statistics.

3.

The occurrence and risk of dangerous hazards – advising on the control of
hazards.

4.

Accident prevention campaign – participation in safety committee
departmental committee – investigation and analysis of accidents and
recommendations to prevent recurrence.

5.

Statutory requirement in relation to health, safety and welfare – ESIC,
Factory Acts, Workmen Compensation Act, Maternity Benefit Act, etc.

6.

Rehabilitation – persons returning after sickness or injury – work may be
recommended accordance with the patient’s conditions.

7.

Committee – advise those committees viz. works committee, safety
committee, welfare and benefit fund committee canteen committee etc. or
problems pertaining to health, safety and welfare of the employees.
430	
  

	
  

V.

LIAISON:
Liaison with outside agencies viz. Factory Inspection Office, ESIC Hospitals,
Panel Doctors, Medical Associations.

VI.

RESEARCH:
Environmental Hygiene – nutrition – occupational disorders – mental health etc.
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Chapter - 47 : TOXICITY OF SOME PESTICIDES & GENERAL PRECAUTIONS

DIMETHOATE
Description

:

White powder with camphor like odor

Chemical group

:

Organo-phosphorous compound

Use

:

Insecticide

Common formulation

:

Emulsion concentration, water dispersible powder,
granules, Technical compound and other formulations
as per requirement.

Threshold value

:

0.1 mg/m3

:

it is readily absorbed by gastro-intestinal tract and to a
Lesser extent through the intact skin and by inhalation.

Toxicity
Absorption route

Pathology

:

It is an insecticide of moderate mammalian toxicity. It is
Active after metabolism both as a contact and as a
systemic insecticide.
It is bio-transformed in the liver microsomes by
conversion into its oxygen analogue, which is active form.

Dangerous doses

:

Oral LD50 of dimethoate to humans is about 30 mg/kg50.

Signs and Symptoms

:

Early symptom of poisoning may include, excessive
Sweating, Headache, weakness, giddiness, nausea,
vomiting, Stomach pains, blurred vision, slurred speech
and muscle twitching, Later there may be convulsions,
coma, loss of reflexes and loss of sphincter control.

:

It is oily, colourless to amber liquid with an aromatic
odor.

DICHLORVOS
Description

Chemical group

:

Organo-phosphorous compound.
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Hazardous
Decompositions

:

Toxic chloride fumes and phosgene formed if heated to
decomposition or on contact with acid or acid fumes.

Use
Common formulation

:

Insecticide
Emulsifiable concentrations, oil solution and other
Formulation as per requirement.

:

1 mg/m3

Absorption route

:

It is absorbed by inhalation, gastro-intestinal tract and
Intact skin.

Dangerous doses

:

Lethal oral dose in human is between 50 and 500
mg/kg.

Signs and Symptoms

:

Toxic changes are typical or organophosphate
Insecticide Poisoning with progression to respiratory
distress, respiratory Paralysis and death if there is no
clinical intervention.

Threshold limit value
Toxicity

Early symptoms of poisoning may include, sweating,
salivation lacrimation, nausea, vomiting, abdominal
cramps, diarrhea, later involuntary defecation &
urination, slurred speech, Coma apnea and death.

CHLORODANE
Description

:

It is a viscous amber colour liquid.

Chemical group

:

Organochlorine compound

Common formulation

:

Emulsifiable concentrations, kerosene solutions, dust
And oil Solution, and other formulation as per
requirement.

Use

:

Insecticide, Fumigant
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:

0.5 mg/m3

Absorption route

:

It is absorbed by inhalation, gastrointestinal tract and
Intact skin.

Pathology

:

It is persistent organochlorine insecticide of moderate
Toxicity that may be stored in body fats. It causes
Stimulation of the central nervous system. It has a
Cumulative effect on the liver, initially causing liver
Enlargement and microsomal enzyme induction and
eventually
causing
liver
damage
and
bile
duct.proliferation. Damage to the optic nerve has been
reported in animals.

Dangerous doses

:

The fatal dose for man has been estimated between 6
And 60g.a dose of 104 mg/kg proved fatal when taken
with suicidal intent.

Signs and Symptoms

:

early symptoms of poisoning may include apprehension
and agitation, abdominal pain, vomiting and blood,
coughing hoarseness, blurred vision, noisy respiration,
incoherent speech and irritational behavior, muscle
twitching may also occur.

Description

:

It is brown crystalline flakes with a terpene odor.

Chemical group

:

Organo-chlorine compound.

Chemical property

:

It is sensitive to moisture, acids, and alkali. It will
undergo slow hydrolyses producing sulphur dioxide
(SO2), endosulfan alcohol via the intermediate
endosulfan sulfate.

Common Formulations

:

Wettable powder, granules, emulsifiable concentrates,
dusts and Ultra Low Volume (ULV) formulation and
other formulations as per requirements.

Threshold limit value
Toxicity

ENDOSULFAN
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Use

:

Insecticide

Threshold limit value

:

0.1 mg/m3

Absorption route
Intact skin.

:

It is absorbed by inhalation, gastro-intestinal tract &

Pathology

:

It is moderately to highly toxic. It is readily metabolized
and Excreted and does not accumulate in the body.

Signs and Symptoms

:

On acute intoxication, neurological manifestations may
occur, Such as irritability, restlessness, muscular
twitching, and Convulsion. Lung edema and cyanosis
may precede death.

Description

:

Crystals – white, odorless
Solid – dark brown, odorless

Chemical group

:

Organochlorine compound

Use

:

Insecticide

Common formulation

:

Emulsifiable concentrates, wettable powders, granules
And other formulation as per requirement.

Threshold limit value

:

0.25mg/m3

Absorption route

:

It is absorbed by inhalation, gastro-intestinal tract and
intact skin. Organic solvents such as xylene and edible
and other vegetables oils enhance the rate of absorption
of the toxicant into the body.

Pathology

:

Aldrin is an organo-chlorine pesticide of high
mammalian toxicity. It is central nervous system

Toxicity

ALDRIN

Toxicity
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stimulant, produce convulsions. After absorption it is
rapidly epoxidized to dieldrin and it is stored in body
Tissues, particularly body fats and its slowly excreted as
Hydrophilic metabolites in the bile and faces, and few
Minor metabolites are also excreted in the urine.
Dangerous doses

:

Persons exposed to oral doses which exceed 10mg/kg
body weight frequently become acutely ill. The lethal
dose of aldrin for an adult man in estimated to be about
5g.

Description

:

Colourless, tasteless & odourless crystals.

Chemical group

:

Hydroxycoumarin compound

Use

:

Rodenticide

Common formulations

:

Powdered concentrates, dust and other formulations as
Per requirement.

Threshold limit

:

0.1mg/m3

Absorption route

:

Absorbed from the gastrointestinal tract, inhalation and
to a much lesser extent through the intact skin.

Pathology

:

It is highly toxic to mammals on repeated ingestion. It is
An Anticoagulant rodenticide, it inhibit the formation of
prothrombin by replacing vitamin K and so reduce the
clotting capacity of blood. It also increase capillary
permeability. It does not accumulate to any extent in
body tissues. It is metabolized by liver & most is
excreted via urine and feces.

Dangerous doses

:

1 – 2 mg/kg has caused serious illness and death in
man.

WARFARIN

Toxicity
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Signs and Symptoms

:

On repeated exposure symptoms may occur from the
sixth or seventh day and include back and abdominal
pain followed by vomiting, nose and gum bleeding,
massive brushing & hematoma formation.

Treatment

:

If these symptoms appear following exposure, medical
Help should be obtained, Vitamin K is an antidote.

GENERAL PRECAUTIONS
Emergency and First Aid Procedure
1.

Call emergency medical care.

2.

If victim was exposed by inhalation, move to fresh air, if not breathing, give
artificial respiration, if breathing is difficult, give oxygen.

3.

If exposure was by contact, flush skin or eyes with running water for at least 15
minutes, remove material from the skin as quickly as possible, also remove
contaminated clothing and shoes.

4.

If swallowed, vomiting should be induced, if the person is conscious. Victim
should be kept quit, warn, and observe and delayed effects.

Manufacture and formulation:
Closed system and forced ventilation may be required to reduce as much as possible the
Exposure of workers to the chemical.
Transportation and Storage:
Should be transported and stored in clearly labeled, sealed containers under lock and
key. No food and drink should be stored in the same compartment, secure from access
by an Authorized person.
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ANNEXURE - I
Notifiable Occupational Diseases and Rules related to Occupational health
National Laws and Regulations (Factories Act, 1948, Mines Act 1952, Dock Labourers
Act, 1948) require the notification of cases and suspected cases of occupational
diseases among the industrial workers. Such notifications are required with a view to:
a. initiating measures for prevention and protection and ensuring their effective
application.
b. investigating the working conditions and other circumstances which have caused
or are suspected to have caused occupational diseases.
c. compiling statistics of occupational diseases.
d. allowing the initiation or development of measures designed to ensure that
sufferers from occupational diseases receive the compensation provided for such
diseases; and
e. enabling the competent authority to make, from time to time, such additions or
amendments to the list of diseases, as circumstances may require, or as may be
found desirable.
In the Factories Act, a list of 29 diseases included while certain occupational diseases
are also required to be notified under the Mines Act and the Dock Worker’s Regulations
in our country. The provisions with regards to notification of occupational diseases under
the Factories Act are as follows:
Notice of certain diseases under section 89 of the Factories Act, 1948:(1) Where any worker in a factory contracts any diseases specified in (the third
schedule), the manager of the factory shall send notice thereof to such
authorities and in such form and within such time, as may be prescribed.
(2) If any medical practitioner attends on a person who is or has been employed in a
factory, and who is, or is believed by the medical practitioner to be suffering from
any disease specified in (the third schedule), the medical practitioner shall
without delay send a report in writing to the office of the chief inspector stating.
(a)
(b)

The name and full postal address of the patient
The disease from which he believes the patient to be suffering, and
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(c)

The name and address of the factory in which the patient is, or was last,
employed.

(3)

Where the report under sub-section (2) is confirmed to the satisfaction of the
chief Inspector, by the certificate of a certifying surgeon or otherwise, that the
person is suffering from a disease specified in (the third schedule), he shall pay
to the medical practitioner such fee as may be prescribed, and the fees so paid
shall be recoverable as an arrear of land revenue from the occupier of the
factory in which the person contracted the diseases.

(4)

If any medical practitioner fails to comply with the provisions of sub-section2, he
shall be punishable with fine which may extent to (one thousand rupees).

(5) The Central Government may, by notification in the Official Gazette, add to or
alter the third Schedule and any such addition or alteration shall have effect as if
it had been made by this Act.
Notifiable Occupational Diseases
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
(a)
(b)
15.
16.
17.

Lead poisoning, including poisoning by any preparation or compound of lead or
their Sequelae.
Lead tetra-ethyl poisoning.
Phosphorus poisoning or its sequelae.
Mercury poisoning or its sequelae.
Manganese poisoning or its sequelae.
Arsenic poisoning or its sequelae.
Poisoning by nitrous fumes.
Carbon bisulphide poisoning.
Benzene poisoning, including poisoning by any of its homologues, their nitro or
amino derivatives or its sequelae.
Chrome ulceration or its sequelae.
Anthrax.
Silicosis.
Poisoning by halogens or halogens derivatives of the hydrocarbons of the
aliphatic series.
Pathological manifestations due to –
radium or other radioactive substances.
X-rays
Primary epitheliomatous cancer of the skin.
Toxic anaemia.
Toxic jaundice due to poisonous substances.
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18. Oil acne or dermatitis due to mineral oils and compounds containing mineral oil
base.
19. Byssinosis.
20. Asbestosis.
21. Occupational or contact dermatitis caused by direct contact with chemicals and
paints. These are of two types, that is, primary irritants and allergic sensitizers.
22. Noise induced hearing loss (exposure to high noise levels).
23. Beryllium poisoning.
24. Carbon monoxide.
25. Coal miners’ pneumoconiosis.
26. Phosgene poisoning.
27. Occupational cancer.
28. Isocyanates poisoning.
29. Toxic nephritis.
At the present time, occupational diseases are grossly under diagnosed and
underreported in our country. Probably the main reason is the failure on the part of the
management, practicing physicians and other concerned to recognize the diseases in
question. A well trained and alert physician will be in an advantageous position and can
reverse the situation in the overall interest of the workforce and national productivity
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ANNEXURE - II
Important Information Under the factories Act 1948

SOME IMPORTANT PROVISIONS UNDERE THE FACTORIES ACT, 1948
Section 2
(m) "Factory" means any premises including the precincts thereof(i)

whereon ten 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 with the aid of power, or is ordinarily so carried on, or

(ii)

Whereon 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,-

But does not include a mine subject to the operation of the Mines Act, 1952 (35 of 1952)
or a mobile unit belonging to the armed forces of the Union, a railway running shed or a
hotel, restaurant or eating place.
Explanation I : For computing the number of workers for the purposes of this clause all
the workers in different groups and relays in a day shall be taken into account;
Explanation II: For the purposes of this clause, the mere fact that an Electronic Data
Processing Unit or a Computer Unit is installed in any premises or part thereof, shall not
be construed to make it a factory if no manufacturing process is being carried on in such
premises or part thereof;
(n) "Occupier" of a factory means the person who has ultimate control over the affairs of
the factory;
PROVIDED that
(i) In the case of a firm or other association of individuals, any one of the individual
partners or members thereof shall be deemed to be the occupier;
(ii) In the case of a company, any one of the directors shall be deemed to be the
occupier;
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(iii) In the case of a factory owned or controlled by the Central Government or any
State Government, or any local authority, the person or persons appointed to
manage the affairs of the factory by the Central Government, the State
Government or the local authority, as the case may be, shall be deemed to be the
occupier:
(iv) PROVIDED FURTHER that in the case of a ship which is being repaired, or on
which maintenance work is being carried out, in a dry dock which is available for
hire,(1)

(2)

The owner of the dock shall be deemed to be the occupier for the purposes
of any matter provided for by or under
(a)

Section 6, section 7, section 7A, section 7B, section 11 or section 12;

(b)

Section 17, in so far as it relates to the providing and maintenance of
sufficient and suitable lighting in or around the dock;

(c)

Section 18, section 19, section 42, section 46, section 47 or section 49,
in relation to the workers employed on such repair or maintenance;

The owner of the ship or his agent or master or other office-in-charge of the
ship or any person who contracts with such owner, agent or master or other
officer-in-charge to carry out the repair or maintenance work shall be
deemed to be the occupier for the purposes of any matter provided for by or
under section 13, section 14, section 16 or section 17 (save as otherwise
provided in this proviso) or Chapter IV (except section 27) or section 43,
section 44, or section 45, Chapter VI, Chapter VII, Chapter VIII or Chapter IX
or section 108, section 109 or section 110, in relation to(a)

The workers employed directly by him, or by or through any agency;
and

(b)

The machinery, plant or premises in use for the purpose of carrying out
such repair or maintenance work by such owner, agent, master or
other officer-in-charge or person;

Section 7 AGeneral duties of the occupier
(1)

Every occupier shall ensure, so far as is reasonably practicable, the health,
safety and welfare of all workers while they are at work in the factory.

(2)

Without prejudice to the generality of the provisions of sub-section (1), the
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(a)
(b)

(c)

(d)

(e)

(3)

The provision and maintenance of plant and systems of work in the
factory that are safe and without risks to health;
The arrangements in the factory for ensuring safety and absence of
risks to health in connection with the use, handling, storage and
transport of articles and substances;
The provision of such information, instruction, training and supervision
as are necessary to ensure the health and safety of all workers at
work;
the maintenance of all places of work in the factory in a condition that
is safe and without risks to health and the provision and maintenance
of such means of access to, and egress from, such places as are safe
and without such risks;
the provision, maintenance or monitoring of such working environment
in the factory for the workers that is safe, without risks to health and
adequate as regards facilities and arrangements for their welfare at
work.

Except in such cases as may be prescribed, every occupier shall prepare,
and, as often as may be appropriate, revise, a written statement of his
general policy with respect to the health and safety of the workers at work
and the organization and arrangements for the time being in force for
carrying out that policy, and to bring the statement and any revision thereof
to the notice of all the workers in such manner as may be prescribed.

10. Certifying surgeons
(1)

The State Government may appoint qualified medical practitioners to be
certifying surgeons for the purposes of this Act within such local limits or for
such factory or class or description of factories as it may assign to them
respectively.

(2)

A certifying surgeon may, with the approval of the State Government,
authorize any qualified medical practitioner to exercise any of his powers
under this Act for such period as the certifying surgeon may specify and
subject to such conditions as the State Government may think fit to impose,
and references in this Act to a certifying surgeon shall be deemed to include
references to any qualified medical practitioner when so authorized.

(3)

No person shall be appointed to be, or authorized to exercise the powers of
a certifying surgeon, or having been so appointed or authorized, continue to
exercise such powers, who is or becomes the occupier of a factory or is or
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becomes directly or indirectly interested therein or in any process or
business carried on therein or in any patent or machinery connected
therewith or is otherwise in the employ of the factory:
PROVIDED that the State Government may, by order in writing and subject
to such conditions as may be specified in the order, exempt any person or
class of persons from the provisions of this sub-section in respect of any
factory or class or description of factories.
(4)

The certifying surgeon shall carry out such duties as may be prescribed in
connection with(a)
(b)

The examination and certification of young persons under this Act;
The examination of persons engaged in factories in such dangerous
occupations or processes as may be prescribed;
(c) The exercising of such medical supervision as may be prescribed for
any factory or class or description of factories where(i)
cases of illness have occurred which it is reasonable to believe
are due to the nature of the manufacturing process carried on, or
other conditions of work prevailing, therein;
(ii)
By reason of any change in the manufacturing process carried
on or in the substances used therein or by reason of the adoption
of any new manufacturing process or of any new substance for
use in a manufacturing process, there is a likelihood of injury to
the health of workers employed in that manufacturing process;
(iii)
Young persons are, or are about to be, employed in any work
which is likely to cause injury to their health.
Explanation: In this section "qualified medical practitioner" means a person holding a
qualification granted by an authority specified in the Schedule to the Indian Medical
Degrees Act, 1916, or in Schedules to the Indian Medical Council Act, 1933
41B. Compulsory disclosure of information by the occupier
(1)

The occupier of every factory involving a hazardous process shall disclose
in the manner prescribed all information regarding dangers, including
health hazards and the measures to overcome such hazards arising from
the exposure to or handling of the materials or substances in the
manufacture, transportation, storage and other processes, to the workers
employed in the factory, the Chief Inspector, the local authority within
whose jurisdiction the factory is situate and the general public in the
vicinity.
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(2)

The occupier shall, at the time of registering the factory involving a
hazardous process, lay down a detailed policy with respect to the health
and safety of the workers employed therein and intimate such policy to the
Chief Inspector and the local authority and, thereafter, at such intervals as
may be prescribed, inform the Chief Inspector and the local authority of any
change made in the said policy.

(3)

The information furnished under sub-section (1) shall include accurate
information as to the quantity, specifications and other characteristics of
wastes and the manner of their disposal.

(4)

Every occupier shall, with the approval of the Chief Inspector, draw up an
on-site emergency plan and detailed disaster control measures for his
factory and make known to the workers employed therein and to the
general public living in the vicinity of the factory the safety measures
required to be taken in the event of an accident taking place.

(5)

Every occupier of a factory shall,(a)

if such factory engaged in a hazardous process on the
commencement of the Factories (Amendment) Act, 1987, within a
period of thirty days of such commencement; and

(b)

if such factory proposes to engage in a hazardous process at any
time after such commencement, within a period of thirty days before
the commencement of such process, inform the Chief Inspector of
the nature and details of the process in such form and in such
manner as may be prescribed.

(6)

Where any occupier of a factory contravenes the provisions of sub-section
(5), the license issued under section 6 to such factory shall,
notwithstanding any penalty to which the occupier of factory shall be
subjected to under the provisions of this Act, be liable for cancellation.

(7)

The occupier of a factory involving a hazardous process shall, with the
previous approval of the Chief Inspector, lay down measures for the
handling, usage, transportation and storage of hazardous substances
inside the factory premises and the disposal of such substances outside
the factory premises and publicize them in the manner prescribed among
the workers and the general public living in the vicinity.
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41C. Specific responsibility of the occupier in relation to hazardous processes
Every occupier of a factory involving any hazardous process shall(a)

maintain accurate and up-to-date health records or, as the case may be,
medical records of the workers in the factory who are exposed to any
chemical, toxic or any other harmful substances which are manufactured,
stored, handled or transported and such records shall be accessible to the
workers subject to such conditions as may be prescribed;

(b)

appoint persons who possess qualifications and experience in handling
hazardous substances and are competent to supervise such handling within
the factory and to provide at the working place all the necessary facilities for
protecting the workers in the manner prescribed :

PROVIDED that where any question arises as to the qualifications and experience of
a person so appointed, the decision of the Chief Inspector shall be final;
(c)
(d)
(e)

provide for medical examination of every workerbefore such worker is assigned to a job involving the handling of, or working
with, a hazardous substance, and
while continuing in such job, and after he has ceased to work in such job, at
intervals not exceeding twelve months, in such manner as may be prescribed.
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RULES FRAMED UNDER SECTIONS 41B, 41C AND 112
SPECIFIC RESPONSIBILITY OF THE OCCUPIERIN RELATION TO HAZARDOUS
PROCESS.
RULE 82 N : Medical Examination:

(a) Workers employed in a ‘hazardous process’ shall be medically examined by a
Qualified medical practitioner herein after referred to as Factory Medical
Officer, in the following manner;
(b) Once before employment, to ascertain physical fitness of the person to do the
particular joy;
(c) Once in a period of 6 months, to ascertain the health status of all the workers in
respect of occupational health hazards to which they are exposed; and in cases
where in the opinion of the Factory Medical Officer it is necessary to do so at a
shorter interval in respect of any worker;
(d) The details of pre-employment and periodical medical examinations carried out
as aforesaid shall be recorded in the Health Register in Form 24.
(1)

No person shall be employed for the first time without a certificate of
Fitness in Form 33 granted by the Factory Medical Officer. If the Factory
Medical Officer covered under
Sub-rule (1), such a person shall have
the right to appeal to the Inspector who shall refer
the matter to the
Certifying Surgeon, he may dispose of the application himself.

(2)

Any person of the Factory Officer revealing any abnormality or unsuitability
of any Person employed in the process shall immediately be reported the
Certifying Surgeon who shall in turn, examine the concerned worker and
communicate his findings to the occupier within 30 days. If the Certifying
Surgeon is of the opinion that the workers direct the occupier accordingly,
who shall not employ the said worker in the same process? However, the
worker so taken away be provided with alternate placement unless he
is
fully incapacitated, in the opinion of the Certifying Surgeon, in which case
the worker affected shall be suitably rehabilitated. Provided that the
Certifying Surgeon on his own may examine any worker when he considers
it necessary to do so for ascertaining the suitability of his employment in
the ‘hazardous process’ or for ascertaining the health status of any worker.

(3)

The worker taken away from employment in any process under sub-rule (2)
may be Employed again in the same process only after obtaining the
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Fitness Certificate from the Certifying Surgeon and after making entries to
that effect in the Health Register.
(4)

An Inspector may, if he deems it necessary to do so, refer a worker to the
Certifying Surgeon for medical examination as required under sub-rule (1)
or if he is a Certifying Surgeon himself, conduct such medical examination.
The opinion of the Certifying Surgeon himself, conduct such medical
examination. The opinion of the Certifying Surgeon in such a case shall be
final. The fee required for this medical examination shall be paid by the
occupier.

(5)

The worker required to undergo medical examination under these rules and
for any Medical survey conducted by or on behalf of the Central or the
State Government shall not refuse to undergo such medical examination.

RULE 83 O : Occupational Health Centers:
(1)

In respect of any factory carrying on ‘hazardous process’, there shall be
provided And maintained in good order an Occupational Health Centre with
the services and facilities as per scale laid down hereunder;
(a)

For factories employing up to 50 workers(i)

(ii)

(iii)
(b)

The services of a factory Medical Officer on retainer-ship
basis, in his clinic to be notified by the occupier. He will carry
out the pre-employment and periodical medical examination
as stipulated in rule 82N and render medical assistance
during any emergency.
A minimum of 5 persons trained in first-aid procedures
amongst whom at least one shall always be available during
the working period.
A fully equipped first aid box.

For factories employing 51 to 200 workers(i)

An Occupational Health Centre having a room with a
minimum floor area of 15 sqmwith floors and walls made of
smooth and impervious surface and within adequate
illumination and ventilation as well as equipment as per the
schedule annexed to this Rule.
448	
  

	
  

(ii)

(iii)
(iv)
(c)

For factories employing above 200 workers.
(i)

(ii)

(iii)
(iv)

(2)

A part-time Factory Medical Officer shall be in over all charge
of the Centre who shall visit the factory at least twice in a
weak and whose services shall be readily available during
medical emergencies.
One qualified and trained dresser-cum-compounder on duty
throughout the working period.
A fully equipped first aid box in all the departments.

One full-time Factory Medical Officer for factories employing
up to 500 workers and one more medical officer for every
additional 1000 workers or part thereof.
An Occupational Health Centre having at least 2 rooms each
with a minimum floor area of 15 sq.m.with floors and made of
smooth and impervious surface and adequate illuminations
and ventilation as well as equipment as per the schedule
annexed to this Rule.
There shall be one nurse, one dresser-cum-compounder and
one sweeper-cum-ward boy throughout the working period:
The Occupational Health Centre Shall be suitably equipped to
manage medical emergencies.

The Factory Medical Officer required to be appointed under sub-rule (1)
shall have qualifications included in Schedules to the Indian Medical
Degrees Act of 1916 or in the Schedules to the Indian Medical Council Act,
1956 and possess a Certificate of Training in Industrial Health of minimum
three months duration recognized by the State Government:

Provided that(i)

(ii)

(iii)

A person possessing a Diploma in Industrial Health or equivalent
shall not be required to possess the certificate of training as
aforesaid;
The Chief Inspector may, subject to such conditions as he may
specify, grant exemption from the requirement of this sub-rule, if in
his opinion a suitable person possessing the necessary qualification
is not available for appointment:
In case of a person who has been working as a Factory Medical
Officer for a period of not less than 3 years on the date of
commencement of this rule, the Chief Inspector may, subject to the
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condition that the said person shall obtain the aforesaid certificate of
training within a period of three years, relax the qualification.
(3)

The syllabus of the course leading to the above certificate and the
organizations conducting the stated course shall be approved by the
DGFASLI or the government in accordance with the guidelines issued by
the DGFASLI.

(4)

Within one month of the appointment of a Factory Medical Officer, the
occupier of the Factory shall furnish to the Chief Inspector the following
particulars.
(a)
(b)
(c)
(d)

Name and address of the Factory Medical Officer.
Qualification.
Experience, of any , and
The sub-rule under which appointed

RULE 82 P : Ambulance-van

(1)

In any factory carrying on hazardous process there shall be provided and
maintained in good condition, a suitably constructed ambulance van
equipped with items as per sub-rule (2) and manned by a full-time Drivercum-mechanic and a helper trained in first-aid, for the purposes of
transportation of serious cases of accidents or sickness. The ambulance van
shall not be used for any purpose other than the purpose stipulated herein
and will normally be stationed at or near to the Occupational Health Centre.
Provided that a factory employing less than 200 workers, may make
arrangement for procuring such facility at short notice from nearby hospital or
places, to meet any emergency.

(2)

The ambulance should have the following equipments:
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(a)

GENERAL
Ø
Ø
Ø
Ø
Ø

A wheeled stretcher with folding and adjusting devices with the head
of the stretcher capable of being titled upward;
Fixed suction unit with equipment;
Fixed oxygen supply with equipment;
Pillow with case- Sheet; - Blankets; Towels;
Emosis bag; Bed pan; - Urinal – Glass.

(b) SAFETY EQUIPMENT
Ø
Ø
Ø
(c)

Flares with life of 30 minutes;-Flood lights;
Flash lights;- Fire extinguisher dry powder type;
Insulated gauntlets.

EMERGENCY CARE EQUIPMENT
(i)

Resuscitation

Ø
Ø
Ø
Ø
Ø

Portable suction unit; Portable oxygen units;
Bag-value-mask, hand operated artificial ventilation unit;
Airways; Mouth bags; Tracheostomy adapters;
Short spine board; I.V. Fluids with administration unit;
B.P. Manometer; Cuff; Stethoscope.

(ii)
Ø
Ø

(iii)

Immobilization
Long & short padded boards;-wire ladder splints;
Triangular bandage;-Long and short spine boards.

Dressings

Ø

Gauze pads – 4” x 4” – Universal dressing 10” x36”
Roll of aluminum foils; - soft roller bandages 6” x 5 years; - Adhesive
tape in 3” roll; - Safety pins;
Bandage sheets; - Burn sheet

(iv)

Poisoning

Ø

Syrup of I pica; - Activated Charcoal pre –packed in doses; - snake
bite kit.

Ø
Ø
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Ø

Drinking water.

(v)

Emergency Medicines

Ø

As per requirement (under the of Medical Officer only)

Rule 82 O : Decontamination facilities:
In every factory carrying out ‘hazardous process’ the following provisions shall be made
to meet emergency:(a)
(b)

Fully equipped first-aid box
Readily accessible means of drenching with
Water
Worker
Parts of body of worker
And

Clothing of worker who have been contaminated with hazardous, and corrosive
substances; and such means shall be as per shown in the table below:

TABLE
No. OF PERSONS ANY TIMENO.OF DRENCHING SHOWERS
(i)

Upto 50 workers

2

(ii)

Between 51 to 200 workers

2 + 1 for every additional 50 or part thereafter

(iii)

Between 201 to 500

5 + 1 for every additional 100 or part thereafter

(iv)

501 workers and above

8 + 1 for every additional 200 or part thereafter

(c)

A sufficient number of eye wash bottles filled with distilled water or suitable
liquid, kept in boxes or cupboards conveniently situated and clearly indicated
by a distinctive sign which shall be visible at all times.
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RULE 82 R: Making available Health Records to workers.
(1)

The occupier of every carrying out ‘Hazardous process’ shall make accessible
the health records including the record of worker’s exposure to hazardous process
or, as the case may be, the medical records of any worker for his perusal under
the following conditions:(a)
(b)

(c)
(d)

Once in every six months or immediately after the medical examination
whichever is earlier;
If the Factory Medical Officer or the Certifying Surgeon as the case may be,
is of the opinion that the worker has ‘manifested signs and symptoms of any
notifiable disease as specified in the Third Schedule of the ACT;’
If the worker leaves the employment;
If any one of the following authorities so direct;
Ø
Ø
Ø
Ø
Ø

The Chief Inspector of Factories;
The health authority of the Central or State Government;
The Commissioner of Workmen’s Compensation;
The Director, Employees State Insurance Corporation (Medical
Benefits); and
The Director General, Factory Advice Service and Labor Institute.

(2) A Copy of the up to-date health records including the record of worker’s exposure to
hazardous or, as the case may be, the medical records shall be supplied to the
worker on receipt of an application from him. X-ray plates and other medical
diagnostics report may also be made available for reference to his medical
practitioner.

453	
  
	
  

ANNEXURE - III
LIST OF OCCUPATIONAL DISEASES (REVISED 2010)

The List of Occupational Diseases Recommendation, 2002 (No. 194) requires the
national lists of occupational diseases to comprise, to the extent possible, the diseases
contained in the list of occupational diseases as annexed to it.
Based on the work of two meetings of experts, the ILO Governing Body approved a new
list of occupational diseases on 25 March 2010 during its 307th Session. This new list
replaces the preceding one in the annex of Recommendation No. 194 which was
adopted in 2002.
The new list includes a range of internationally recognized occupational diseases, from
illnesses caused by chemical, physical and biological agents to respiratory and skin
diseases, musculoskeletal disorders and occupational cancer. Mental and behavioural
disorders have for the first time been specifically included in the ILO list. This list also
has open items in all the sections dealing with the afore-mentioned diseases. The open
items allow the recognition of the occupational origin of diseases not specified in the list
if a link is established between exposure to risk factors arising from work activities and
the disorders contracted by the worker.
The criteria used by the tripartite experts for deciding what specific diseases be
considered in the updated list include that: there is a causal relationship with a specific
agent, exposure or work process; they occur in connection with a specific work
environment and/or in specific occupations; they occur among the groups of workers
concerned with a frequency which exceeds the average incidence within the rest of the
population; and there is scientific evidence of a clearly defined pattern of disease
following exposure and plausibility of cause.
This new list of occupational diseases reflects the state-of-the-art development in the
identification and recognition of occupational diseases in the world of today. It indicates
clearly where prevention and protection should take place. This ILO list represents the
latest worldwide consensus on diseases which are internationally accepted as caused by
work. This list can serve as a model for the establishment, review and revision of
national lists of occupational diseases. The world’s working population and their families
will benefit from this new list.
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1.

Occupational diseases caused by exposure to agents arising from work
activities
1.1.

Diseases caused by chemical agents
1.1.1
1.1.2
1.1.3
1.1.4
1.1.5
1.1.6
1.1.7
1.1.8
1.1.9
1.1.10
1.1.11
1.1.12.
1.1.13
1.1.14
1.1.15
1.1.16
1.1.17
1.1.18
1.1.19
1.1.20
1.1.21
1.1.22
1.1.23
1.1.24
1.1.25
1.1.26
1.1.27
1.1.28
1.1.29
1.1.30
1.1.31
1.1.32
1.1.33

Diseases caused by beryllium or its compounds
Diseases caused by cadmium or its compounds
Diseases caused by phosphorus or its compounds
Diseases caused by chromium or its compounds
Diseases caused by manganese or its compounds
Diseases caused by arsenic or its compounds
Diseases caused by mercury or its compounds
Diseases caused by lead or its compounds
Diseases caused by fluorine or its compounds
Diseases caused by carbon disulfide
Diseases caused by halogen derivatives of aliphatic or aromatic
hydrocarbons
Diseases caused by benzene or its homologues
Diseases caused by nitro- and amino-derivatives of benzene or its
homologues
Diseases caused by nitroglycerine or other nitric acid esters
Diseases caused by alcohols, glycols or ketones
Diseases caused by asphyxiants like carbon monoxide, hydrogen
sulfide, hydrogen cyanide or its derivatives
Diseases caused by acrylonitrile
Diseases caused by oxides of nitrogen
Diseases caused by vanadium or its compounds
Diseases caused by antimony or its compounds
Diseases caused by hexane
Diseases caused by mineral acids
Diseases caused by pharmaceutical agents
Diseases caused by nickel or its compounds
Diseases caused by thallium or its compounds
Diseases caused by osmium or its compounds
Diseases caused by selenium or its compounds
Diseases caused by copper or its compounds
Diseases caused by platinum or its compounds
Diseases caused by tin or its compounds
Diseases caused by zinc or its compounds
Diseases caused by phosgene
Diseases caused by corneal irritants like benzoquinone
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1.1.34
1.1.35
1.1.36
1.1.37
1.1.38
1.1.39
1.1.40
1.1.41

1.2.

Diseases caused by physical agents
1.2.1
1.2.2
1.2.3
1.2.4
1.2.5
1.2.6
1.2.7

1.3.

Diseases caused by ammonia
Diseases caused by isocyanates
Diseases caused by pesticides
Diseases caused by sulphur oxides
Diseases caused by organic solvents
Diseases caused by latex or latex-containing products
Diseases caused by chlorine
Diseases caused by other chemical agents at work not mentioned
in the preceding items where a direct link is established
scientifically, or determined by methods appropriate to national
conditions and practice, between the exposure to these chemical
agents arising from work activities and the disease(s) contracted
by the worker

Hearing impairment caused by noise
Diseases caused by vibration (disorders of muscles, tendons,
bones, joints, peripheral blood vessels or peripheral nerves)
Diseases caused by compressed or decompressed air
Diseases caused by ionizing radiations
Diseases caused by optical (ultraviolet, visible light, infrared)
radiations including laser
Diseases caused by exposure to extreme temperatures
Diseases caused by other physical agents at work not mentioned
in the preceding items where a direct link is established
scientifically, or determined by methods appropriate to national
conditions and practice, between the exposure to these physical
agents arising from work activities and the disease(s) contracted
by the worker

Biological agents and infectious or parasitic diseases
1.3.1
1.3.2
1.3.3
1.3.4
1.3.5
1.3.6
1.3.8

Brucellosis
Hepatitis viruses
Human immunodeficiency virus (HIV)
Tetanus
Tuberculosis
Toxic or inflammatory syndromes associated with bacterial or
fungal contaminants 1.3.7. Anthrax
Leptospirosis
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1.3.9.

2.

Diseases caused by other biological agents at work not mentioned
in the preceding items where a direct link is established
scientifically, or determined by methods appropriate to national
conditions and practice, between the exposure to these biological
agents arising from work activities and the disease(s) contracted
by the worker

Occupational diseases by target organ systems
2.1.

Respiratory diseases
2.1.1

Pneumoconiosis caused by fibrogenic mineral dust (silicosis,
anthraco-silicosis, asbestosis)
2.1.2
Silicotuberculosis
2.1.3 Pneumoconioses caused by non-fibrogenic mineral dust
2.1.4
Siderosis 2.1.5. Bronchopulmonary diseases caused by hardmetal dust
2.1.6
Bronchopulmonary diseases caused by dust of cotton (byssinosis),
flax, hemp, sisal or sugar cane (bagassosis)
2.1.7
Asthma caused by recognized sensitizing agents or irritants
inherent to the work process
2.1.8
Extrinsic allergic alveolitis caused by the inhalation of organic
dusts or microbially contaminated aerosols, arising from work
activities
2.1.9
Chronic obstructive pulmonary diseases caused by inhalation of
coal dust, dust from stone quarries, wood dust, dust from cereals
and agricultural work, dust in animal stables, dust from textiles,
and paper dust, arising from work activities
2.1.10 Diseases of the lung caused by aluminium
2.1.11 Upper airways disorders caused by recognized sensitizing agents
or irritants inherent to the work process
2.1.12 Other respiratory diseases not mentioned in the preceding items
where a direct link is established scientifically, or determined by
methods appropriate to national conditions and practice, between
the exposure to risk factors arising from work activities and the
disease(s) contracted by the worker
2.2

Skin diseases
2.2.1

Allergic contact dermatoses and contact urticaria caused by other
recognized allergy provoking agents arising from work activities
not included in other items
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2.2.2.
2.2.3.
2.2.4.

2.3.

Musculoskeletal disorders
2.3.1
2.3.2
2.3.3
2.3.4
2.3.5
2.3.6
2.3.7

2.3.8

2.4.

Irritant contact dermatoses caused by other recognized irritant
agents arising from work activities not included in other items
Vitiligo caused by other recognized agents arising from work
activities not included in other items
Other skin diseases caused by physical, chemical or biological
agents at work not included under other items where a direct link
is established scientifi cally, or determined by methods
appropriate to national conditions and practice, between the
exposure to risk factors arising from work activities and the skin
disease(s) contracted by the worker

Radial styloid tenosynovitis due to repetitive movements, forceful
exertions and extreme postures of the wrist
Chronic tenosynovitis of hand and wrist due to repetitive
movements, forceful exertions and extreme postures of the wrist
Olecranon bursitis due to prolonged pressure of the elbow region
Prepatellar bursitis due to prolonged stay in kneeling position
Epicondylitis due to repetitive forceful work
Meniscus lesions following extended periods of work in a kneeling
or squatting position
Carpal tunnel syndrome due to extended periods of repetitive
forceful work, work involving vibration, extreme postures of the
wrist, or a combination of the three
Other musculoskeletal disorders not mentioned in the preceding
items where a direct link is established scientifically, or determined
by methods appropriate to national conditions and practice,
between the exposure to risk factors arising from work activities
and the musculoskeletal disorder(s) contracted by the worker

Mental and behavioural disorders
2.4.1
2.4.2.

Post-traumatic stress disorder
Other mental or behavioural disorders not mentioned in the
preceding item where a direct link is established scientifi cally, or
determined by methods appropriate to national conditions and
practice, between the exposure to risk factors arising from work
activities and the mental and behavioural disorder(s) contracted
by the worker
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3.

Occupational cancer
3.1

Cancer caused by the following agents
3.1.1
3.1.2
3.1.3
3.1.4
3.1.5
3.1.6
3.1.7
3.1.8
3.1.9
3.1.10.
3.1.11
3.1.12
3.1.13
3.1.14
3.1.15
3.1.16
3.1.17
3.1.18
3.1.19
3.1.20
3.1.21

4.

Asbestos
Benzidine and its salts
Bis-chloromethyl ether (BCME)
Chromium VI compounds
Coal tars, coal tar pitches or soots
Beta-naphthylamine
Vinyl chloride
Benzene
Toxic nitro- and amino-derivatives of benzene or its homologues
Ionizing radiations
Tar, pitch, bitumen, mineral oil, anthracene, or the compounds,
products or residues of these substances
Coke oven emissions
Nickel compounds
Wood dust
Arsenic and its compounds
Beryllium and its compounds
Cadmium and its compounds
Erionite
Ethylene oxide
Hepatitis B virus (HBV) and hepatitis C virus (HCV)
Cancers caused by other agents at work not mentioned in the
preceding items where a direct link is established scientifically, or
determined by methods appropriate to national conditions and
practice, between the exposure to these agents arising from work
activities and the cancer(s) contracted by the worker

Other diseases
4.1.

Miners’ nystagmus

4.2.

Other specific diseases caused by occupations or processes not
mentioned in this list where a direct link is established scientifically, or
determined by methods appropriate to national conditions and practice,
between the exposure arising from work activities and the disease(s)
contracted by the worker.
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