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INTRODUCTION TO BLOCK 2

This block focuses on the sources and types of pollutants in the automobile,
paint, pharmaceutical, personal care products, construction and other industries.
The industrial sector is very important for the economy ofa country, for providing
job opportunities to the population and in the export/ import of materials in and
out of the country. The industrial workers can be exposed to various chemicals,
physical and biological hazards due to the various processes involved. This can
impact the health of the workers. The industrial hazards can cause injury or
death to personnel or loss of product or property.

Unit 1 deals with the industrial wastes generated from the automobile and paint
industry. The products from these industries and the disposal and handling of
enormous quantities of wastegenerated during the manufacturing processes pose
a great challenge for these industries and also for the countries where these
manufacturing units are housed. The unit also describes the environmental and
occupational hazards faced in this industry. They cause severe environmental
and health threats and compromise with the safety of all.Finally the unit describes
the management and disposal of the wastes in these industries.

Unit 2 deals with the industrial wastes generated from the pharmaceutical and
personal care products industry. These two industries arevery relevant in present
scenario vis-à-vis booming research in field of medical, chemical and
biotechnological sciences. The products manufactured in the these industries
require multiple stages of research, laboratory work, raw material acquisition,
setting up of industrial units, manpower etc. The unit explicitly details the types
of waste generated in these industries and the occupational and environmental
hazards encountered due to these industries. Finally the unit also focuses on the
treatment and disposal of these industrial wastes.

Unit 3 deals with the wastes generated from the construction, iron and steel,
sugar/distilleries industry, paper and pulp, electronics industry and the petroleum
industry. Industries have negative impacts on the environment by generating
waste, occupying landfills and causing threat to health and environment. In the
same way the other industries also pose threats to our environments. The unit
also details on the occupational health hazards in these industries which include
asbestos-related diseases, silica-related diseases, noise-induced hearing loss,
hand-arm vibration syndrome, musculoskeletal disorders and dermatitis. In the
end the unit focuses on the management and solutions for treatment of the
industrial wastes.
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Paint IndustryUNIT 1 AUTOMOBILE INDUSTRY AND

PAINT INDUSTRY

Structure

1.0 Introduction

1.1 Objectives

1.1.1 Automobile Industry

1.1.2 Paint Industry

1.2 Types of wastes

1.2.1 Types of Waste Generatede by Automobile Industry

1.2.2 Types of Waste Generatede by Paint Industry

1.3 Occupational Hazards of

1.3.1 Occupational Hazards of Automobile Industry

1.3.2 Occupational Hazards of Paint Industry

1.4 Environmental Hazards

1.4.1 Automobile Industry

1.4.2 Paint Industry

1.5 ???

1.5.1 Management of Automobile Waste and Hazards (Treatment, Handling and
Disposal)

1.5.2 Management of Paint Waste and Hazards (Treatment, Handling and Disposal)

1.6 Let Us Sum Up

1.7 Key Words

1.8 References and Suggested Further Readings

1.9 Answers to Check Your Progress

1.0 INTRODUCTION

Humans, from the beginning of time are known to take from the nature for their
survival. The human population has grown across the globe thus increasing their
needs as well. To meet our requirements in the present scenario there are various
industries in place that take care of these needs. On one hand, life is becoming
comfortable with markets flooded with options to choose from. On the other
hand we are completely oblivious to production side and its repercussions on
the surroundings. Production involves variety of processes for manufacturing
products and brings environmental hazards in its wake. Putting environment at
stakes at the cost of our lavish lifestyles is making all of us quite selfish. Let us
all introspect and ask these questions to ourselves:Are we utilising the resources
mindlessly to satiate our greed, that we fail to see its impact on our planet and
environment? No doubt, these industries are helpful for the economic growth of
any country but at the same time are all the countries taking conscientious steps
to eliminate the pollution caused by these industries?

This unit is designed to understand the relevance of automobile and paint industry
in the contemporary times. The products manufactured by these industries have
increased manifold in the last one decade to compliment the enormous
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consumption of vehicles and variety of paints in the world markets. The products
from these industries havebecome part and parcelof our daily lives.The booming
population and the demand for quality products have put a lot of pressure on
these industries. The disposal and handling of enormous quantities of waste
generated during the manufacturing processes pose a great challenge for these
industries and also for the countries where these manufacturing units are housed.
To meet this challenge, the industries need to understand the deadly implication
of the waste generated in the processes of manufacturing automobiles and paints.
They cause severe environmental and health threats and compromise with the
safety of all. The harmful impact of the wastes on the surroundings through
these industries which include its own employees and the land, water, air where
the waste materials are dumped is a matter of grave concern. These industries
need to devise and adopt mechanism to minimize the waste generation and
mitigate its hazards on the surroundings caused by waste disposal.

In this unit we will learn about the automobile and paint industries and how
relevant they are in today’s scenario. We will be discussing these two major
industries that arecontributing hugely to the economic front and are a determining
factor of lifestyle led by people in urban sector. We will also learn about the
mechanism in which these industries ready the finished products. We will also
assess the impact these industries have on the people working in them viz.
occupational hazards. We will also learn about the kind of threat these industries
pose to our environment. Finally, we will learn about the measures being adopted
to mitigate the adverse effects of automobile and paint industries on the workers
employed in these industries in particular, and the environment in general.

How do we define an industry?

A collection of companies that operate in a related set of goods or services,
which are eventually sold to purchasers, defines an industry.

Classification of industries

In any place the industries work together to produce the required goods.
Industries are divided into four groups:

 Primary industries are involved in extracting raw materials (which are
natural products) from the land or sea e.g. oil, iron ore, timber, fish.
Mining, quarrying, fishing, forestry, and farming are all example of
primary industries.

 Secondary industries deal with manufacturing as they take raw materials,
convert them in various ways, and produce tangible goods (e.g.,
automobile factories, smelting, paint industry).

 Tertiary industries produce services for individuals and groups (e.g.,
advertising).

 Quaternary Industries involve the use of high tech industries. People
who work for these companies are often highly qualified within their
field of work. Research and development companies are the most
common types of businesses in this sector.

(Source:http://kalyan-c ity.blogspot.in/2011 /03 /what-is- industry-meaning-
classification.html

https://revisionworld.com/gcse-revision/geography/industry/different-types-industry
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After reading this unit you will be able to:

 understand the types of wastes generated in the automobile and paint
industries;

 describe the occupational hazards in these industries;

 explain the environmental hazards in these industries; and

 describe the management of these hazards.

1.1.1 Automobile Industry

In this unit our main focus is on the processes of automobile manufacturing, the
pollution caused by the various processes of manufacturing, the health threats
these units cause, and the steps or measures adopted towards the waste
management. Nowadays, with the changing lifestyles owning a vehicle is a
requirement. Interestingly, one will find more than one vehicle per family. The
increasing demand for vehicles has led to a booming automobile market. There
are different automobilecompanies that are trying to make a markfor themselves
by giving cutting cost automobile options so majority of the population can
afford a vehicle of choice.

Brief Classification of Automobiles

Passenger vehicles:These vehicles carry passengers. e.g: buses, cars, trains.

Goods vehicles:These vehicles carry goods from one place to another place.
e.g: Lorry, trucks.

Special Purpose: These vehicles include Ambulance, Fire engines, Army
Vehicles.

Light duty vehicle: Small motor vehicles eg:Car, jeep, scooter, motorcycle.

Heavy duty vehicle: large and bulky motor vehicles e.g: Bus, truck, tractor.

(Source: https://me-mechanicalengineering.com/classification-of-automobiles/)

1.1.2 Paint Industry

Paint industry has grown tremendously over the past decade. Consumer today
wants to experiment with different colorchoices when getting their walls painted
in their homes. Besides this, they want the best quality paints and value for their
money. Hence, they are willing to pay the price to make their homes look inviting
and beautiful.Also, India is a land offestivals and pompous weddings, the demand
for paints escalates during the festivals and marriage season. Paint industry has
grown huge because of the surge in demand and also due to the variety of color
palettes being introduced regularly by the paint companies. There are different
types of paints available catering to the needs of the consumers. Paints are also
used for industrial purposes. The industrialpaint is used in automobile production
units for automotive coating. It also uses powder coating and protective coating,
respectively. The raw materials used in the paint sector are natural and chemical
based and are obtained from petro based derivatives.
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There are three types of paints and they are categorized as follows:

Oil based paints: Mostly used in industries. Solvents in this paint
comprises of organic petroleum distillates. These paints have concentrations
of Volatile Organic Compounds (VOCs).

Water based paints: Water based paints, also known as latex paints, have
aqueous solvent base alongwith organic co-solvent in varying concentrations.
This type of paint is commonly used for architectural purposes. It is less
hazardous compared to oil based paint.

Powder Coating: It is in the form of a dry powder and does not require a
solvent in comparison to liquid paints. The powder is made up of
thermoplastic or a thermoset polymer. It is commonly used for metal coatings
in home appliances and in automobile industries etc.

1.2 TYPES OF WASTES

Both the automobile and paint industry pose a great threat to the environment
and are responsible forhuge wastegeneration duringthe manufacturingof various
products. It would be intriguing to know about the manufacturing process
followed by the two industries and also the drawbacks of these sectors that
cause threat to our environment due to the waste generation.

1.2.1 Types of Waste Generated by Automobile Industry

The production of automobiles gives rise to huge generation of waste materials.
Our environment is at the receiving end, first by their production and then by
the poisonous gases they emit when on roads. Beginning from the manufacturing
of all the parts and materials that are required for the process of production to
the stage where the vehicle ends in the junkyard for recycling, the entire exercise
leads to some serious environmental hazards. The automobile industry appears
to be the major material consumer of metals such as aluminium, copper, lead
and iron; plastic; rubber; glass; petroleum products (Table 1.1). Environment is
impacted from the initial exercise of mineral extraction which serves as raw
materials in manufacturing of the parts ofany automobile. Even if the components
mentioned above are recyclable they all contribute to polluting our environment
which includes land, soil, air and water. All the raw materials mentioned above
in the paragraph and shown in the figures are not biodegradable. The discarded
materials remain in the earth system until it is discarded using a proper scientific
procedure (discussed in thebelow section on managementof wastes) and recycled
sensibly.

Table 1.1: Production processes for automobile production

Facility type Product and process

Ferrous foundry Castings for machining into engine blocks and
heads, other components

Aluminium foundry and die cast Engine blocks and heads, transmission casings,
other cast components

Forging and heat treatment Pre-machined parts for engines, suspensions and
transmissions
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Stamping Body panels and subassemblies

Engine Machining of castings, assembly into finished
product

Transmission Machining of castings and forgings, assembly
into product

Glass Windshields, side windows and backlights

Automotive parts Machining, stamping and assembly, including
brakes, suspension parts, heating and air
conditioning, pollution-control equipment,
vehicle lighting

Electrical and electronic Ignition systems, radios, motors, controllers

Hardware and hard trim Polymer moulded exterior body panels, trim
components

Soft trim Seat cushions, built up seats, dashboard
assemblies, interior body panels

Vehicle assembly Body shop, painting, chassis assembly, final
assembly

Parts depots Warehousing, parts painting and assembly,
packaging and shipping

(Source: http://www.ilocis.org/en/contilo6.html)

1.2.2 Types of waste generated by paint industry

The paint industry uses importantly, the pigments, solvents, resins and additives
for manufacturing various kinds of paints. These materials are used to enhance
various attributes and the quality of paints. But, at the same time these materials
have ill effects on human health and the environment at large. The Table 1.2
below gives the details of the components of paints and their unique attributes
enhanced by these components.

Table 1.2: Components of paints and their attributes

Components Value factor Types Chemical constituent

1 Pigments Give color, glossiness and
durability to the paint

Natural and
synthetic

Titanium Dioxide

(white), Chrome Oxide
(Green),, Iron Oxides
(Yellow and Red).

Extender Pigments
(Calcite, Talc, Mica, and
Baryte)

2 Solvents help with applying the
paint to any surface easily,
impart aroma to paints

made up of
petroleum
mineral
spirits and
solvents

Petroleum mineral spirits
and solvents, benzol, ester,
acetone, ketone and
alcohols.

3 Resins Help with drying the paint
quickly

Natural and

Synthetic
Resins

Naturalresins (linseed,
soyabean and coconut oil)

Synthetic resins also
known as alklyds. Alkyds
are made up of acyrillics,
epoxies, polyurethanes
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The key wastes generated by the paint manufacturing units comprises of
equipment cleaning wastes (waste rinse water, waste solvent), paint sludge,
redundant/expired paints, pigment dusts, spills and discharges.

Check Your Progress 1

Note: a) Write your answer in about 50 words.

b) Check your progress with possible answers given at the end of the
unit.

Short answer questions

1) Name the different types of paints available in the market.

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

2) Define industry. How many types of industries are there?

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

3) Name the raw materials (metal and others) used in automobile industry?

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

Essay type questions

1) Give an account of the types of waste generated by automobile and paint
industry.

......................................................................................................................

......................................................................................................................

......................................................................................................................

4 Additives Are antifungicidal
/antibactericide agents.
These are also used as
fillers. Fillers help with
retaining the paint
properties intact. Additives
also provide longevity to
the paint, impart smooth
texture and instant drying.

Different
Antifoam
types that
contain

Fillers ( calcium carbonate
and aluminium silicate).
Non silicone defoaming
materials (inoctanol,
inxylene )
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2) Why is paint industry flourishing in India?

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

1.3 OCCUPATIONAL HAZARDS

1.3.1 Occupational Hazards of Automobile Industry

The production of automobiles is major worldwide industry and the majority
production is done in the Asian Pacific countries. There are production units
that make vehicle parts and others that take care of the assembling. The workers
in the vehicle parts manufacturing units are hugely more prone to obstructive
respiratory problems. Musculoskeletal conditions are caused due to vehicle
assembly. There are respiratory concerns also involved along with processes
like welding, painting and the use of adhesives. While working in production
units with metal parts, workers are involved in processes like casting the metal,
chipping of eroded metal, grinding for fixture, moulding for shape, forging or
stamping etc. which make them vulnerable to the following metalworking fluids
(MWFs) such as silica, asbestos. They are susceptible to following respiratory
and other health conditions like,asthma, hypersensitivity,pneumonitis, bronchitis
and lung cancer. Workers in the assembling unit are also susceptible to respiratory
illnesses. Processes like welding, painting and gluing, forces the workers to
come in contact with fumes of Nitrogen dioxide, ozone particulates and
isocyanates, which in turn, makes them vulnerable to asthma attack.

1.3.2 Occupational Hazards of Paint Industry

Paints and varnishes are among the major contributors to indoor air pollution,
mainly through VOCs i.e. Volatile organic compounds. VOCs are organic
compounds and are emitted as gases from a variety of chemicals used in paint
industry for manufacturing of paints. These gases can effect health of people in
direct or indirect contact with paints. VOCs can react to sunlight, and change to
ozone and other pollutants that eventually produce photochemical smog in the
lower atmosphere. The effects of theseVOCs may be felt from two months after
application to periods of up to five years or more. Various studies conducted on
indoor air pollution establish that levels of many VOCs are 10 times higher
indoors than outdoors. Though most of the paint companies argue and claim
that the airborne concentrations of toxins are harmless, there is no complete
guarantee of idealistic approach in reality.

The heavy metals used in paints, such as cadmium, mercury, lead or chromium,
are bound to leave their residues in the indoor environment and these remain
persistent over a long period of time. Exposure to these heavy metals, either
through respiration or direct contact, can result in long-term health effects. Lead
in paints is a greater source of indoor air pollution especially through lead dust.
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Windows and doors are the primary culprits in this regard as they are touched
regularly. Long exposure to these paint pollutants has consequences, and the
impact can be seen on the nervous system. They can also cause damage to blood
and kidneys. Such exposure may also cause throat and nosediscomfort, nausea,
skin allergy, fatigue and dizziness.

A World Health Organization report revealed that professional painters stand
higher chances of contracting lung cancer and nervous system disorders. The
female painters are more prone to miscarriages. Children of professionalpainters
are seen born with high riskof developing brain tumours, cancers of the stomach,
lymph gland, larynx, kidney, liver etc. (WHO, 1989). Lead is major component
of paint, and is referred to as “silent epidemic”. People working in paint industries
easily come in contact with it. It is easily inhaled and ingested. Lead metal has
the tendency to accumulate in human body. It impacts the soft tissues and bones
and also infects the blood. The accumulation of lead for prolonged periods in
human body can cause some serious health hazards. It is responsible for disturbing
the calcium metabolism, may cause convulsions, create reproductive problems,
result in fluctuating blood pressure, nerve disorder etc. It impacts all fundamental
human body systems.Adults face the following health hazards like difficulty on
concentrating and remembering things on being exposed to lead for a longer
duration. They also may get joint and muscle pains.

1.4 ENVIRONMENTAL HAZARDS

1.4.1 Environmental Hazards of Automobile Industry

Automobile industry impacts the environment starting from the manufacturing
to its use on roads to its end-of life on road. Environmental damage is enhanced
by utilization of fuels and its emissions caused through driving. On an average,
life of a vehicle is 15 years and it contributes to production of greenhouse gases
by consuming different forms of fuels (gasoline and diesel). Environment gets
degraded by mineral extraction for production of parts of an automobile for
example iron, aluminium etc. Parts that are made up of metals like steel,
aluminium, copper wires are recyclable. Components that are made up of heavy
metals like lead and acid in batteries are very harmful to the environment and
are not easily recyclable. Plastic parts that are made up of petroleum by products
are not easy to recycle hence pose a great threat to the environment. Environment
is polluted with all of these components of automobiles to varying extents and
toxic substances are pumped into the environment (land, soil, groundwater,
surface water and air) during their manufacture, working and final disposal. The
impacts of lead are discussed in the above section on paints and here we will
discuss impact of mercury emissions from this industry.

Automobile industry contributes enormously to toxic mercury emissions in India.
There have been studies and surveys done to estimate the damage caused by
this sector due to excessive use of mercury. Even though the leading
environmental organisations are trying to spread the awareness and despite all
the efforts made to bring down the use of materials that are polluting the
environment, mercury still continues to be used in production of automobiles,
by this industry. Mercury is known to be very toxic for humans and wildlife
alike. It is let out in the environment when automobiles are scrapped in end-of
lifevehicles (ELV) stage. The release of mercury into the environment is alarming
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after the automobiles are declared redundant for use on roads and are recycled.
The melting of metallic body parts of the automobile in electric arc furnaces
(EAFs) releases mercury. Automobile industry alone contributes towards the
largest mercury-contaminated scrap.

1.4.2 Environmental Hazards of Paint Industry

Lead and chromium compounds are used as pigments in paint industry and are
released in the environment. Both these pigments are very toxic. Paints used in
aerospace and automobile industries contain chromium. The zinc chromate is
being used as a pigment for zinc yellow, which is again another highly toxic
pollutant and causes degradation of the environment. The details of lead toxicity
are given in the above section. VOC’s also have been discussed in the above
section and are extremely harmful for the environment. The VOC’s in the
atmosphere form ozone in the presence of oxygen and form smog (dense fume
clouds). VOCs are dangerous even in low concentrations, and can increase the
level of air pollution drastically. Such polluted air can cause damage to lung
tissues and give rise to respiratory problems.

Check Your Progress 2

Note: a) Write your answer in about 50 words.

b) Check your progress with possible answers given at the end of the
unit.

Short answer questions

1) Define the terms VOC?

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

2) What is a pigment? And why is it important in paints?

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

3) What is the composition of Paint?

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................
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Essay type questions

1) How is Mercury harmful to the environment?

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

2) What are the occupational hazards for people working in Automobile and
Paint industries?

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

1.5 MANAGEMENT OF AUTOMOBILE

1.5.1 Management of Automobile Waste and Hazards
(Treatment, Handling and Disposal)

Many countries with automobile industries are taking an initiative to manage
the solid waste generated in an effectiveway. Thestrategies adopted are recycling
and reuse of the parts of automobiles, landfilling and incineration of vehicles
when they become redundant. These strategies convert the unusable waste to
reusable waste. 75% percent of the vehicle waste which is metal is reusable;
hence reuse and recycle help minimize the waste to great extent. In many
developing countries including India, Pollution Control Board is also taking
measures to bring down the hazardous waste generated by theautomobile service
stations and is also checking to make sure proper disposal of waste. Measures
are being adopted to control the air and noise pollution caused by vehicles in
day to day life.

There are phases of implementation under which the ELVs are taken to the
separateassigned areas.The components of vehicles are assessed and dangerous
and toxic substances are removed. The toxic substances are oils and different
types of fuels, the battery used in automobiles, the oil filters, and the components
containing mercury and the airbags. Allthese substances are explosive by nature.
The recyclablecomponents are segregated and sent to respective units for further
processing and reuse. This helps in bringing the cost of the vehicle down and
deals with the environmental issues. Glass is one component that is vital in the
automobile industry. It can be re-melted and reused after an appropriate treatment.
The process of recycling glass is quite expensive and not very feasible.
Automobile tyres are made of synthetic rubber. Synthetic rubber comes from
petroleum. Earlier natural rubber made from liquid latex was used for making
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tyres. The growing demand for automobiles has also given rise to huge waste of
tyres and their successfuldisposing has become a challenge. Thepresent practice
of disposing off the tyres takes place at the landfill, crumbing, remoulding and
incineration. Automobile scraps contain metal waste. The vehicles are made up
of 70% of metal (steel and aluminium) including the body frame and the other
parts inside of the vehicle. When the vehicle reaches the ELV stage majority of
the metal is dismantled and reused. This helps in reducing the volume of waste
generated.

1.5.2 Management of paint waste and hazards (treatment,
handling and disposal)

The paint industry produces a variety of paints that ideally need to be environment
friendly. But, are we sure of that? There have been several studies conducted
about the same, by various environmental organisations and also, it has been a
very sought after topic for research scholars. The studies indicate that the claims
made about the non hazardous nature of these paints are not entirely true. There
is tampering with the percentage of toxicity these paints may ideally contain.

However the scenario is changing lately, the environment friendly organisations
and the media, are doing a great job in making people aware of the health effects
linked to these paints. The companies are using ways to bring the ignitability
and toxicity of paints by using less metallic pigments and organic solvents. They
are also taking measures of curtailing the amount of waste generated by this
industry that was earlier left unattended and polluted the environment. Such
waste is recycled now. There needs to be a check on understanding the
requirement for rawmaterial and keeping a check on purchase to avoid excessive
material at hand. The materials need to be stored in airtight containers for VOCs.
The solvents purchased need to be in covered containers or sealed when not in
use. Water can be used to wash and clean the equipment manufacturing water
based paints. The wastewater can be collected to reuse several times for different
purposes. Water is always a better option over caustic solution washing and
helps eliminate the toxicity caused by these materials. The hazardous materials
should be taken care of before disposing the waste. The plant automation is
encouraged to improve production efficiency and reduction of waste material
generated.

Check Your Progress 3

Note: a) Write your answer in about 50 words.

b) Check your progress with possible answers given at the end of the
unit.

ShortAnswer questions

1) What is the full form for ELV?

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................



16

Industrial Pollution:
Automobile, Paint,
Pharmaceutical, Personal
Care Products, Construction
and other Industries

2) How is synthetic rubber made?

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

3) Name some toxic substances generated by automobile industry?

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

Essay type questions

1) Describe some measures of waste management for waste generated by the
paint industry?

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

2) What steps will you take to create awareness amongst people about the
pollution generated by these two industries?

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................
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The above content presents the pollution threat caused by the automobile and
paint industry. The evolving measures have been discussed in details in the above
section to mitigate the negative impact of these industries on the environment.
The latest elite technologies are evolving to develop automobiles and paints
which will cause minimum harm to the environment. Stringent measures are
required to be in place for disposing off the old vehicles. People need to be
advocated about the health and environment hazards caused due to the waste
generated by the automobile industry. Understanding the waste hierarchy like
recycling, reuse and reduction helps in managing the waste generated. Using
the public transport, indulging in pool rides can bring down the vehicle purchase,
which can eventually save fuel and bring down the toxic emissions caused by
these vehicles.

The paint industries cause some alarming damage to the environment. There
has been an effort globally to make people aware of the toxicity of the paints.
Some countries already have laws in place that forces the paint industries to
choose the natural materials that are less toxic, to safeguard the environment.
The natural raw materials do add to cost. There needs to be a widespread
awareness amongst thecustomers so they understand the implication of chemicals
in the paint industry and their consequences on health and environment. The
paint industries also need to make an initiative by taking strong measure to
reduce the waste from paint industry and safeguarding the work environment of
the employees who work in these industries. They need to be educated on how
to keep themselves safe wearing safety suits and masks while working. There
still is a long way to go to improve the scenario in the paint industries and a
continuous joint effort from business houses and people is required to deal with
this situation.

1.7 KEY WORDS

Toxicity - the quality of being toxic or poisonous, contaminate (water, the air,
etc.) with harmful or poisonous substances

Environment - habitat, territory, domain; surroundings, environs, conditions

Pollutant - a substance that pollutes something, especially water or the
atmosphere

Pigment - coloring matter, coloring, colorant, color, tint, dye, dyestuff

Emission - controlling the emission of carbon dioxide: discharge, release,
outpouring, outflow, leak

Hazard - danger, risk, peril, threat, menace; problem

Biodegradable - capable of being decomposed by bacteria or other living
organisms and thereby avoiding pollution

Incineration -burn, reduce to ashes, consume by fire, carbonize; cremate
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1.9 ANSWERS TO CHECK YOUR PROGRESS

Answers to Check Your Progress 1

Your answers should include the following points:

1) To answer this question look through section 1.1.2. Paint Industry

2) Your answer would be in section 1.1 Introduction

3) Your answer would be in section 1.2.1. Types of waste generated by
automobile industry

Answers to Check Your Progress 2

Your answers should include the following points:

1) Your answer would be in section 1.3.2. Occupational hazards of Paint
industry
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2) Check Table1: Components of paints and their attributes for answer

3) Check Table1: Components of paints and their attributes for answer

Answers to Check Your Progress 3

Your answers should include the following points:

1) End-of-Life Vehicle

2) Synthetic rubber comes from petroleum

3) The toxic substances are oils, different types of fuels, battery used in
automobiles, the oil filters, and the components containing mercury and
the airbags.
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UNIT 2 PHARMACEUTICAL AND
PERSONAL CARE PRODUCTS
INDUSTRY
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2.2.2 Personal Care Industry
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2.4.2 Personal Care Industry
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2.5.2 Treatment, Handling and Disposal of Personal Care Wastes

2.6 Let Us Sum Up

2.7 Key Words

2.8 References and Suggested Further Readings

2.9 Answers to Check Your Progress

2.0 INTRODUCTION

India’s increasing population is a huge market for life-saving and life-style drugs.
India is amongst the first five manufacturers of bulk drugs in the world and is a
global pharmaceutical exporter. India is also a huge market in terms of
consumption of pharmaceutical and personal care products. Bengal Chemical
and Pharmaceutical Works of Calcutta and Alembic Chemicals of Baroda were
among the first pharmaceutical companies from India in the 19th century. The
personal care industry in India is no less in terms of production of personal care
products which include hair care, skin care, cosmetics, oral care and so on. The
personal care industry boasts of 22% of the country’s Fast Moving Consumer
Goods (FMCG).

This unit is framed to understand the types of products manufactured by
pharmaceutical and personal care industries. These two industries are very
relevant in present scenario vis-à-vis booming research in field of medical,
chemical and biotechnological sciences.The products manufactured in the these
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industries require multiple stages of research, laboratory work, raw material
acquisition, setting up of industrial units, manpower etc.

The products in form of drugs or beauty enhancing commodities from these
industries have become part and parcel of our daily lives. The increasing
population has in turn led to enormous demand of pharmaceutical and beauty
products. The manufacturing of pharmaceuticals and beauty and personal care
products in huge quantities are also responsible forenormous quantities of waste
generation. The disposaland handling of enormous quantity of wastes generated
during the manufacturing of the quality pharmaceutical and personal care
products is a great challenge for each individual country. To meet this challenge,
the pharmaceutical and personal care industries need to understand the degree
of degradation caused to the surroundings by the wastes generated through these
industries. The individual countries need stricter laws in terms of disposal of
pharmaceutical and personal care waste materials. These industries also need to
devise innovative technologies to minimize wastes generation.

In this unit you will learn about the pharmaceutical and personal care industries
and howrelevant they are in the contemporary world. The impact these industries
have on the workers employed in these industries viz. occupational hazards. We
will assess the kind of threat these industries pose to our environment. Lastly,
we will discuss the measures taken to manage the waste produced by
pharmaceutical and personal care industries.

2.1 OBJECTIVES

After studying this unit you will be able to:

 understand the types of wastes generated in the pharmaceutical and personal
care industries;

 describe the occupational hazards in these industries;

 explain the environmental hazards in these industries; and

 list the management measures of these hazards.

2.1.1 Pharmaceutical Industry

Pharmacy is an elaborate art whereby drugs are manufactured for treating
ailments, diseases or disorders in humans and animals. The pharmaceutical
industry qualifies to be a significant component of health care systems around
the globe. Pharmacies are public and private enterprises that are into research
and development (R & D). Besides R & D they market medicines to check and
treat ailments and diseases and disorders. The present state of scientific and
technological advancement has led to manufacturing of improved and ground-
breaking pharmaceuticals with added and enhanced therapeutic value and
diminished side effects.

In the last two decades the consumption of pharmaceutical products have grown
because of easy drug access and better insurance policies related to health care.
The use of medications related to common health issues like blood pressure,
cholesterol, diabetes etc owing to the changing life styles (increased stress levels,
sedentary life style, fast food consumption etc.) have grown enormously. The
drug marketingstrategies havealso enhanced the consumption of pharmaceutical
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products giving reasons for better lives. Life expectancy increased on an average
to 75-80 years for both men and women as compared to average of 50-60 years
almost few decades ago. This has been possible because of improved access to
health care services and advanced medical research.

2.1.2 Personal Care Industry

The personal care industry produces both personal care products and appliances.
The personal care industry manufactures allproducts related to skin,hair, personal
and oral hygiene such as deodorants, fragrances, shower and bath gels, tooth
paste, shampoos, soaps, make-up materials such as foundation, eye shadow, eye
liner, powder, moisturizers, face cream, lipstick, lip gloss etc. The smaller and
conventional appliances manufactured are razors, nail filers, hair curlers, hair
straighteners, hair dryers, electric skin and hair massagers etc. Personal care
appliances are becoming popular owing to changing lifestyles across the globe.
The personal care appliance industries are also booming owing to the newer
technologies. As a result, innovative appliances are flooding the world markets.
These appliances to namea few comprise ofelectric toothbrushes, tummy tuckers,
gymnasium equipment, massagers, trimmers etc. Asia Pacific region is a big
market for these products owing to large population in this region.

2.2 TYPES OF WASTE GENERATED

The production of pharmaceutical and personal care products leads to enormous
waste generation and this has become a prime concern in the present scenario.
Since the past few decades’ scientific efforts are being made worldwide to
examine the natureof wastes associated with the manufacturing of pharmaceutical
and personal care products owing to their adverse impact on the environment.

2.2.1 Pharmaceutical Industry

The life cycle of a pharmaceutical product encompasses the various stages such
as synthesis, extraction and purification of Active Pharmaceutical Ingredient
(API). This is followed by preclinical animal and clinical human studies,
commercial scale manufacture, marketing of drugs and use by patients, disposal
of unwanted pharmaceuticals and so on (Figure 2.1). The basic component of
any pharmaceutical drug is the API (also commonly referred to as drug
substance). It contributes to hazardous/non hazardous waste material. The
pharmaceutical product involves generation of wastes at every stage of its life.
A brief account of wastes generated during the life cycle of drug manufacturing
is given in Table 2.1. Disposal of unwanted, unused, or expired drugs also
contribute to major pharmaceuticalwaste and in turn a threat to the environment.
Commonly, drugs are administered in various forms such as capsules, tablets,
ointments, gels, inhalations, injections, solutions etc. The most common drug
forms are oral dosage i.e. tablets and capsules. Once the drug is used by a patient
not all the quantity of the drug is assimilated by the patient’s body and finally it
is excreted as faecal matter, urine, vomit, etc and thus contributes towards the
waste which may or may not be hazardous depending on the API.
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Table 2.1: Types of pharmaceutical wastes

(Source: https://www.cdc.gov/niosh/docs/2014-138/pdfs/2014-138_v3.pdf)

2.2.2 Personal Care Industry

Personal care industry manufactures products which are used to improve the
quality of life and are also used to enhance the aesthetics of human body. The
common products manufactured by personal care industry rangefrom cosmetics,
moisturizers, lipsticks, fragrances, shampoos, hair colors,deodorants, toothpastes,
lotions, soaps, sunscreen, menstrual care products to the various appliances
already discussed in thepreceding section.Also the wastes generated by personal
care industry are produced during the different stages of their production. In
common with thewastes ofpharmaceutical industries, the personal care industry
wastes include the expired and outdated, unused personal care products.

Check Your Progress 1

Note: a) Write your answer in about 50 words.

b) Check your progress with possible answers given at the end of the
unit.

Short answer questions

1) Define API.

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

2) Name wastes of personal care industry.

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

1 Hazardous
waste

Waste that is
threatening to human
health/environment

Drugs with LD50 (lethal dose),
immunosuppressant’s, antiviral
drugs, some bioengineered
drugs, and other miscellaneous
drugs etc.

Chemo waste (Vials, bags, IV
tubes used for chemotherapy),
chemotherapy agents etc

2 Non-
hazardous
waste

It is non-hazardous
waste material which
requires planned
disposal

Unused or partially used vials,
bottles; unused or partially used
IV bags, pills, capsules
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3) What types of wastes are generated by pharmaceutical industry?

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

Essay type questions

1) Write a note on hazardous and non-hazardous wastes.

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

2) Discuss the life cycle of a pharmaceutical product.

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

2.3 OCCUPATIONAL HAZARDS

Workers working in the pharmaceutical and personal care industry experience
many occupational hazards like biological, chemical, physical, electrical,
mechanical, and psychological hazards.

2.3.1 Pharmaceutical Industry

Table 2.2: Various types of pharmaceutical hazards

1. Biological Hazards Through pharmacy staff, patients and hospital visitors
(contaminants found in the air, water and food),
aggravated due to lack of proper ventilation systems
and water supplies, irregular monitoringof microbial
growth

2. Chemical Hazard Hazardous API in drugs, antibiotics, aerosolized
drugs, hormonal drugs, alcohol hand sanitizers,
detergents
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(nuclear pharmacy), sharp instruments (scalpels,
scissors and medical instruments, broken glassware),
burns from using heat sealers etc.

4. Electrical Hazards Accidental short circuits, use of appliances by
untrained workers etc.

5. Mechanical hazards Ill handling of machineryand equipments both large
and small scale in operation theatres, hospitals, R &
D laboratories etc

6. Psychological Hazards Abuse by co-workers, violence, medical emergencies,
work stress, depression, anxiety, sleep disorders,
excessive work, shift work, excessive workload,
exposure to irritating noise levels and poor indoor
ventilation

The impact of the chemical hazards is the most dreaded one. These hazards are
possible during various stages of drug manufacturing processes, administering
the drug to the patients, improper handling of contaminated materials, and
improper disposal of drugs or contaminated materials. Exposure to chemicals
used during manufacturing of drugs can occur through inhalation, skin contact,
ingestion etc. Some chemicals may cause allergic skin problems. Chemicals
involved can be toxic and the hazards could be fatal. Chemical hazard can also
occur due to lack of proper local exhaustventilation, improper isolation processes
and chemical storage (Table 2.2).

2.3.2 Personal Care Industry

Occupationalhazards in personal care industry may be similar to pharmaceutical
industry as they are also posed by growth of micro-organisms, heavy machinery
and equipment, workplace environments, extensive use of chemicals etc as
discussed in details in the preceding section on pharmaceutical industry. Workers
in any personal care industry arevulnerable to chronic health risks due to exposure
to chemicals during synthesis operations. Chemicals can affect the eyes, skin,
body tissues etc. Prolonged exposure to chemicals may cause various ailments
such as liver damage, cancer, kidney problems, lung infections etc.

2.4 ENVIRONMENTAL HAZARDS

Almost 50 years back environmentalists started assessing the threat
pharmaceuticals and personal careproducts (collectively known as PPCPs) pose
to the environment. Pharmaceuticals and personal care products are dumped
into the ground as landfills and the waste effluents are let off into streams.
Contamination of groundwater, surface water and soils by pharmaceuticals and
personal care products has been an environmental issue of concern since the
past few decades. Also, most pharmaceuticals and personal care products are
deposited in the environment through human consumption and metabolic
excretion thereafter. The high solubility of most PPCPs has adverse affect on
aquatic life. This may also adversely affect marine ecosystems and also habitats
that are indirectly dependent on the water. One such study on frogs indicates
their slow development due to the affect of antidepressants in water and soil.
There are also indications of reduction of fertility in rainbow trout which breed
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in such contaminated waters. The PPCPs found in the soil make their way up
the food chain and can cause harm to human race.

2.4.1 Pharmaceutical Industry

Pharmaceutical residues enter the environment through different channels. Most
pharmaceutical products find their way into the environment through the API
and drug product manufacturing operations, metabolic excretion, and disposal
of unwanted medications. The pharmaceutical residues which result from
consumption of drugs by humans and animals find its way to the aquatic
environment through excretion (urine, fecal matter, vomit etc). Most of the
pharmaceutical substances are not metabolized in the body and are then passed
to the environment through excretion. Hence, both urine and fecal matter from
humans and animals undergoing medication contain pharmaceutical residues
and are responsible for passing the same to the environment. Besides this, the
environment also gets polluted by improper disposal of unused, expired drugs.
Especially in India in common households, the unused and expired medicines
are disposed in the dustbins or are flushed into the drains.

2.4.2 Personal Care Industry

Most of the chemicals in personal care products are biologically active
compounds and follow a similar pathway as discussed for pharmaceutical
materials. Components from PCPs may also reach the environment from various
manufacturing sites. Chemicals of personal care products (PCPs) are also washed
off into drains and generally reach the sewerage system. These products are
released to the environment through bathing, brushing, cleansing, washing etc.
This water is drained into the ground or sewer lines and so on. The water and
soils get affected by disposal of PCPs into the environment.

Check Your Progress 2

Note: a) Write your answer in about 50 words.

b) Check your progress with possible answers given at the end of the
unit.

Short answer questions

1) Define the terms PPCP’s and PCP’s?

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

2) Define metabolic excretion?

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................
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Essay type questions

1) Discuss entry paths of most pharmaceuticalproducts into the environment?

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

2) What are the occupational hazards for people working in pharmaceutical
and personal care industries?

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

2.5 MANAGEMENT OF WASTES AND HAZARDS

In the preceding sections we learnt about the kind of wastes generated by the
pharmaceutical and personal care industries and the hazards posed by both these
industries. In this section we will see how these wastes and hazards can be
managed. There are umpteen numbers of measures that could be followed to
address the above problems and challenges.

2.5.2 Treatment, Handling and Disposal of Pharmaceutical
Wastes

The simplest strategy is to follow the golden rule: minimization/reduction;
reuse/recycle; and appropriate disposal.

Minimizationand Reduction of pharmaceuticaland personal care products:
Making our lifestyles healthy: Exercising, stress management, healthy food,
periodic physical examinations are some ways which will minimise our
dependency on PPCP’s as far as possible.A healthy lifestyle can surely minimise
the use of various medications.

Reuse & Recycling: Donation of unused drugs with sufficient expiry dates and
reuse of drugs should be done. There should be a common legal framework on
this where unused drugs can be donated at some common place and people in
need of thesecan get them for free. The unused medicines should also be returned
to the pharmacies. In some countries there are laws which allow nursing homes
to return unused drugs intact i.e. sealed and unopened.
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Appropriate Disposal: Take Back Programs are followed in some countries
where their legal system allows hospitals, nursing homes, patients to return
expired and unused medicines for their reuse and safe disposal.

Public awareness programmes should be initiated to increase public’s sense of
environmental responsibility vis-à-vis use of pharmaceutical products and their
disposal. Their individual and collective efforts can contribute significantly in
avoiding the adverse environmental impact of pharmaceuticals. Patient’s should
be made aware regarding completion of treatment and encouraged to complete
the course of medicines as suggested by theirphysicians, whereby the medicines
are not left unused and expired in due course of time. Not only the patients, the
medical practitioners, doctors and pharmacists should also fully understand the
significance of drugs while diagnosing and prescribing medicines to the patients.
They should also guide the patients regarding the adverse effects of improper
disposal of pharmaceuticals.

In contemporary times, the pharmaceutical companies are being involved in
their disposal as well. The point here is that the pharmaceutical industries take
responsibility of their products “from the cradle to the grave”. This will curtail
pollution and waste generation by these industries to a minimum. Take back
programs havealready been discussed above. Pharmacy stores should be allowed/
permitted to send back the unused and expired medications back to the
manufacturer who in turn can either reuse them if possible or incinerate these
drugs. However, no guidelines are given to end users like patients and common
people regarding disposal of drugs. In many countries the drugs are being
disposed in household trash. A study carried out in Germany and Australia
indicated that around one third and one fourth of the total volume of
pharmaceuticals sold in Germany and Australia, respectively, were disposed
with household trash and flushed in the drain, respectively (Kummerer, 2004).

If the drug waste is infectious, it can lead to a double risk. The hazardous waste
can be managed through incineration. Incineration at a high temperature
(>1000 oC) can control theenvironment degradation caused by the pharmaceutical
wastes. The non-hazardous waste can be recycled or sent to landfills.
Conventionalwastewater treatment also helps to manage non-hazardous wastes
generated by pharmaceutical and personal care industries. Chemotherapy waste
requires disposal through incineration at a regulated medical waste facility. All
chemotherapy equipment should be checked regularly as they are vulnerable to
chemotherapy contamination. Some acts like the Resource Conservation and
Recovery Act (RCRA) of US should be formulated and imposed in our country
also to take care of solid and hazardous waste generated by these industries.
Such type of act is the need of the hour in our country to manage the
pharmaceuticalwastes.The environmentboard ofour country enforces healthcare
institutions to identify different types of wastes, segregate them as hazardous
and non-hazardous wastes, appropriately label, store and transport them and
finally dispose them in appropriate manner.

2.5.2 Treatment, Handling and Disposal of Personal Care
Wastes

The personal care wastes detected in the environment are less hazardous
compared to pharmaceutical industry wastes. Still they are harmful to human
health and environment. The personal care industry should explore possibilities
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of environment friendly ways of manufacturing, distribution, and disposal of
products. The wastes generated by PCP’s are tackled in a similar manner as
have been discussed above for pharmaceutical wastes. PCP’s are adopting green
chemistry for manufacturing of their products which can be a long term solution
to the environment safeguarding vis-à-vis personal care industry waste.

Check Your Progress 3

Note: a) Write your answer in about 50 words.

b) Check your progress with possible answers given at the end of the
unit.

Short answer questions

1) What is Incineration?

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

2) Define green chemistry?

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

3) What is RCRA?

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................
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Essay type questions

1) Describe some measures of waste management for waste generated by the
pharmaceutical industry?

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

2) What steps will you take to create awareness amongst people about the
pollution generated by the pharmaceutical and personal care industries?

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

2.6 LET US SUM UP

Pharmaceutical and personal care products have been used for years for giving
better life to all humans. These industries are very relevant in the present context
when people are technologically very advanced in terms of finding cure to many
ailments which were fatal few years back. These industries besides producing
life saving drugs and life enhancing products are also harming the environment
in various ways. The hazardous and non hazardous wastes generated by these
industries are causing life threats to few species of animals and are causing
many deformities in people who are exposed to such wastes. The chemical
components of these industries enter our earth system thorough different
pathways and in turn pollute our land, soils, water and air. The pharmaceutical
and personal care industries in India are growing by leaps and bounds but there
are no set of strict regulations which talk about constraining the environmental
hazards caused by manufacturing of these products. There are many reports of
contaminated water bodies in areas which cater to these industries. There is
need of strict regulations to be adopted during manufacturing as well as disposal
of enormous wastes generated through these industries. These industries are
adopting green chemistry as a solution to these problems which will eliminate
or minimise such environmental hazards in the years to come.

2.7 KEY WORDS

API: An active pharmaceutical ingredient (API) in a pharmaceutical drug that
is biologically active. The similar term active ingredient (AI) is also used in
medicine.
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Biodegradable: capable of being decomposed by bacteria or other living
organisms and thereby avoiding pollution.

Chemotherapy: often abbreviated to chemo and sometimes CTX or CTx, is a
category of cancer treatment that uses one or more anti-cancer drugs
(chemotherapeutic agents).

Green chemistry: An area of chemistry and chemical engineering focused on
the designing of products and processes that minimize the use and generation of
hazardous substances

Incineration: the destruction of something, especially waste material, by burning.

Toxic: containing or being poisonous material especially when capable of causing
death or serious debilitation eg. toxic waste
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2.9 ANSWERS TO CHECK YOUR PROGRESS

Answers to Check Your Progress 1

1) To answer this question look through section 1.2.1.

2) Read section 1.2.2 and list the wastes

3) Find the answer in section 1.2.1.

4) Take help from Table 2.1

Answers to Check Your Progress 2

1) Check the full forms in section 1.4

2) Metabolic excretion are the result of substances left over from metabolic
processes which cannot be used by theorganism (they are surplus or toxic),
and must therefore be excreted.
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4) Read section 1.3, 1.3.1 and 1.3.2 to write your answer.

Answers to Check Your Progress 3

1) The destruction of something, especially waste material, by burning.

2) An area of chemistry and chemical engineering focused on the designing
of products and processes that minimize the use and generation of hazardous
substances

3) Resource Conservation and Recovery Act

4) Read section 1.5 and 1.5.1. to answer this question

5) Read section 1.5 and 1.5.1. to answer this question
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Structure

3.0 Introduction

3.1 Objectives

3.2 Types of Waste Generated at Different Industries, Occupational and
Environmental Hazards, Effects on Health and Environment and
Management of Waste and Hazards

3.2.1 Construction Industry

3.2.2 Iron and Steel Industry

3.2.3 Sugar/Distilleries Industry

3.2.4 Paper and Pulp Industry

3.2.5 Computer/Software Industry

3.2.6 Petroleum Industry

3.3 Let Us Sum Up

3.4 References and Suggested Further Readings

3.5 Answers to Check Your Progress

3.0 INTRODUCTION

This unit focuses on the wastes generated in the Construction industry, Iron and
steel industry, Sugar/distilleries industry, Paper and pulp industry, Computer/
software industry and Petroleum industry. The unit also discusses on the
occupational and environmental hazards in these industries and the management
of the same. For example the construction industry is a valuable part of the
world economy. Projects can create new public facilities and renovate existing
ones to increase the overall living standards. Construction waste issues have
become more a part of the focus on a project due to cost and environmental
awareness. In addition to its negative impact on the environment by generating
waste, consuming landfills, and natural unrecoverable resources, construction
project costs increase significantly due to the amount of waste. In the same way
the other industries also pose threats to our environments. Let us learn them in
detail in this unit.

3.1 OBJECTIVES

After studying this unit you will be able to:

 understand the different types of wastes in the Construction industry, Iron
and steel industry, Sugar/distilleries industry, Paper and pulp industry,
Computer/software industry and Petroleum industry;

 describe the Occupational and environmental hazards in these industries;

 explain the effects of these industries on human health and environment;
and

 describe the management of the waste in these industries.
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3.2 TYPES OF WASTE GENERATED AT
DIFFERENT INDUSTRIES, OCCUPATIONAL
AND ENVIRONMENTAL HAZARDS,
EFFECTS ON HEALTH AND ENVIRONMENT
AND MANAGEMENT OF WASTE AND
HAZARDS

3.2.1 Construction industry

Theconstruction industry has long been regarded as one of themajor contributors
of negative impact to the environment, due to the high amount ofwaste generated
from construction, demolition, renovation and activities associated with
construction.Construction and demolition (C&D)waste generation and handling
issues have been in focus to achieve sustainable goals. The construction industry
is a major consumer of new materials. Given that material production for
construction work accounts for a significant percentage of all energy consumed
nationally in newly developing countries, it becomes vital that the construction
industry strives to reduce waste at all stages of construction. Construction,
demolition, restoration, and remodelling projects all produce a lot of building
material waste. These materials may be damaged or unused, but can be recycled
or reused in other forms. Waste wood can be recovered and recycled into wood
for new building projects. Cement, bricks, and plaster can be crushed and reused
in other construction or building projects. These materials can be collected in a
rollof dumpster that can then be picked up by thewaste management or recycling
company.

Due to the increasing number of construction project throughout the world, it is
logical that there is an increase in the construction waste, which is mainly disposed
in landfills. This grow would enhance the need for having an effective waste
management plan and drive towards that as a requirement by all the contractors
and construction firms. The completion of projects within budget and schedule
are the goal of construction companies. Any additional efficiencies result in
profit. Over production, poor handling, incorrect storage, incorrect ordering,
design change, manufacturing defects and rework are factors that contribute in
material waste. It has been recorded that about one million dollars per project
can be lost on waste. Otherfactors that contribute in the generating of construction
waste are lack of training and poor craftsmanship. Due to the fact that raw
materials wastage, ineffective management of waste is common on construction
sites, waste minimization became an important area ofconcern in the construction
industry.

WasteManagement on project sites has become a major focus due to construction
waste’s negative effect on land depletion and deterioration, energy consumption
and noise pollution, and it has been considered to be a major source of
environmental pollution for its solid waste generation and dust and gas emission.
All of these issues highlight the needs of waste management programs for
construction companies.
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It is very well recognized that the construction industry is not environmentally
friendly. Apart from consuming large amount of natural resources, it has been
criticized to generate high level of solid waste. Construction Sector consumes
25% of virgin wood and 40% of raw stone, gravel and sand globally every year.
Due to the variety of activities on construction sites, construction waste may
include plywood, platform, brick, paint, metal, copper, aluminium, concrete,
electrical cable, rebar, paper, plastic, electrical device, steel, and much more.
Construction waste can be grouped into two principle components;

1) Time wastes which includes waiting periods, stoppages, clarifications,
variation in information, rework, ineffective work, delays in plan activities,
and wear of equipment.

2) Material wastes comprising overordering, overproduction, wrong handling,
wrong storage, and manufacturing defects.

The waste produced by the burning trash furnaces includes more than 200
different dioxin compounds and generates large amount of CO

2
emission.

Construction & Demolition Waste in India

Components

In India, C&D waste has two components:

Major components

 Cement concrete

 Bricks

 Cement plaster

 Steel (from RCC, door/windowframes, roofing support, railings of staircase
etc.)

 Rubble

 Stone (marble, granite, sand stone)

 Timber/wood (especially demolition of old buildings)

Minor components

 Conduits (iron, plastic)

 Pipes (GI, iron, plastic)

 Electrical fixtures (copper/ aluminium wiring, wooden baton, switches, wire
insulation)

 Panels (wooden, laminated)

 Others (glazed tiles, glass panes)

According to a report by Hong Kong’s Environmental Protection Department,
about 2900 tons of construction waste was received at landfills per day in 2000.
Minimizing the over ordering will reduce the amount of waste significantly and
thus reduces the use of landfills. Each year construction companies in the United
Kingdom pay about £200 million in landfill taxes. In addition to its impact on
the economic damages, construction waste has a significant impact on
environmental damages. Construction industry consumes annually about 40%
of the natural resources around the world.
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Causes of C&D Waste

The main six causes of waste are design, procurement, materials handling,
operation, residual, and others. Late design change is considered to be a major
cause of waste on construction sites,but thereare other factors that are considered
to be C&D waste source, incomplete or late information, poor material
management, incompetent labour,and damageduring transportation are examples
of C&D waste sources. Recently, several studies have indicated the importance
of the design stage. It has been estimated that 33% of on-site waste is due to
architects’ failure to implement waste reduction measures during design stage.

A list of origins and causes of construction waste is shown the table below.

Table 3.1: List of origins and causes of construction waste

Origins of waste Causes of waste

Contractual  Errors in contract documents

 Contract documents incomplete at
commencement of construction

Design  Design changes

 Design and construction detail errors

 Unclear/unsuitable specification

 Poor coordination and communication (late
information, last minute client requirements, slow
drawing revision and distribution)

Procurement  Ordering errors (i.e., ordering items not in
compliance with specification)

 Over allowances (i.e., difficulties to order small
quantities) Ï% Supplier errors

Transportation  Damage during transportation

 Insufficient protection during unloading

 Inefficient methods of unloading

On-site management  Lack of on-site waste management plans
and planning

 Improper planning for required quantities

 Lack of on-site material control

 Lack of supervision

Material storage  Inappropriate site storage space leading to
damage or deterioration

 Improper storing methods

 Materials stored far away from point of
application

Material handling  Materials supplied in loose form



37

Others Industries
On-site transportation methods from storage to the

point of application

 Inadequate material handling

Site operation  Accidents due to negligence

 Equipment malfunction

 Poor craftsmanship

 Time pressure

Residual  Waste from application processes (i.e., over-
preparation of mortar)

 Packaging

Other  Weather

 Vandalism

Kinds of C&D waste that needs to be tackled

Soil, Bricks, Concrete or Cement and Gypsum are some of the C&D wastes
which need to be taken care of. Gypsum when moist tends to release water
which could be white fluid causing irritation to the population residing around
the plant. Brick along with mortar which comes from the demolition site can be
recrushed and made into stabilized blocks along with the excess soil and the
concreteand broken blocks and the waste mortar that comes from the construction
sites can be recycled into aggregates and fine sand which could probably replace
M-Sand.

C&D waste handling

In an attempt to protect the environment and to improve sustainability of the
construction industry, regulations have been developed in many countries to
minimize construction waste. One example is the United Nations Framework
Convention on Climate Change (UNFCCC) which has been gradually begun to
have enforcing laws and regulations relevant to waste. Lean construction
techniques also outline procedures relate to elimination of waste. In India,
contractors play an important role in waste management. Contractual
arrangements require that demolition wastes have to be disposed off by the
contractor at his cost. Other than new construction, renovation or repair of
buildings, demolition of an existing building/structure is the main cause of waste
generation from the construction industry. In India, services of demolition
contractors are taken when an old building is to bedemolished due to deterioration
of the building or to make way for construction of a new building.

Occupational and Environmental health hazards

The occupational health hazards in the construction industry include the following
categories: asbestos-related diseases, silica-related diseases, noise-induced
hearing loss, hand-arm vibration syndrome, musculoskeletal disorders and
dermatitis.

Asbestos

Asbestos-related diseases kill more people than any other single work-related
cause.
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The danger arises when asbestos fibres become airborne and remain suspended
in the air. Breathing in these fibres can damage the lungs and cause cancer. One
of the biggest problems is that asbestos can be difficult to detect.

Silica

Respirable crystalline silica (RCS) can be formed when construction materials
containing silica, such as bricks, concrete, granite or tiles are cut, drilled, crushed
or abraded. RCS can be breathed in and may reach the deep lungs where it can
scar the delicate

tissue (silicosis). This can cause difficulties in breathing. Long term exposure to
RCS may also increase the risk of lung cancer.

Noise

Regular exposure to high noise levels can lead to tinnitus and hearing loss,
although it may take many years for the symptoms to become apparent.
Employers have a legal responsibility to protect their workers from excessive
noise. The risk should be assessed and controlled.

Hand-arm vibration

Hand-held power tools are regularly used in construction and the vibration can
cause hand- rm vibration syndrome (HAVS). This condition affects fingers, hands
and arms and can cause permanent damage over time.

Musculoskeletaldisorders (MSDs)

MSDs cover any injury, damage or disorder of the joints or other tissues in the
upper or lower limbs or back. Issues can be caused by regularly lifting, carrying
or handling materials and items, as well as repetitive work such as plastering or
rebar tying.

Dermatitis

Dermatitis is an inflammatory skin condition caused by exposure to hazardous
substances such as wet cement and solvents. This can either be irritant dermatitis,
which is usually caused by the skin coming into contact with a substance, or
allergic contact dermatitis

where a person develops an allergic reaction to a substance. When using gloves
and protective coveralls, the wearer must take care not to get the hazardous
substance on their skin when putting them on or taking them off.

Impact of construction on health and environment

Any development project plan to improve the quality of life but it has some
positive and negative impacts. The development project should be planned in
such a manner that it has maximum positive impacts and minimum negative
impacts on the environment (Kaur and Arora, 2012). Construction activities
damage the fragile environment because of adverse impacts of construction.
This impacts include resource depletion, biological diversity losses due to raw
material extraction, landfill problems due to waste generation, lower worker
productivity, adversehuman health due to poor indoorair quality, global warming,
acid rain, and smog due to emissions generated by building product manufacture
and transport that consumes energy (Lippiatt, 1999). Environmental impacts
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resources impacts and public impacts (Li et al., 2010; Chang et al., 2011; and
Zolfagharian et al., 2012).

i) Ecosystem impact

In light of a large number of ongoing construction projects, the ecosystems
impact ofconstruction has become an important issue (Zolfagharian, 2012).
These adverse environmental impacts like waste, noise, dust, solid wastes,
toxic generation, air pollution, water pollution, bad odour, climate change,
land use, operation with vegetation and hazardous emissions.Air emissions
are generated from vehicular exhaust, and dust during construction (Kaur
and Arora,2012). This emissions include Co

2
,No

2
, and So

2
(Kaur and Arora,

2012; Li et al., 2010; Pittet and Kotak, 2012). Noise emissions are generated
as a resultof various construction equipment’s, air compressors and vehicles.
The construction equipment’s and other sources will generate noise within
the range of 70 to 120 DB within the vicinity of construction site (Kaur and
Arora, 2012). Wastes are generated from construction activities, labors
camps, sewage treatment plant, and other sources.The solid waste generated
during operational phase is categorized as biodegradable, recyclable, inert/
recyclable and hazardous. Out of the total waste generated 50% of it would
be biodegradable, 20% of the waste would be recyclable, 30% would be
inert and it is assumed that a small quantity (0.3%) of it would be hazardous
waste (Kaur and Arora, 2012). Waste water is generated from construction
activities, sewage, commercial activities,and othersources (Kaur and Arora,
2012).

ii) Natural resources

Various natural resources are used during any typical construction process.
These resources include energy, land, materials, and water (Shen et al.,
2005). In addition, construction equipment operations consume a lot of
natural resources, such as electricity and/or diesel fuel. Construction sector
is responsible for consuming a high volume of natural resources and
generation a high amount of pollution as a result of energy consumption
during extraction and transportation of raw materials (Li et al., 2010; and
Morel et al., 2001). Construction sector generate worldwide substantial
environmental impacts. It contributes to about half of the total energy
consumption of high-income countries and is responsible of a major share
of greenhouse gas emissions also in developing nations (Stern et al., 2006;
Asif et al., 2007; Cole, 1999; and Emmanuel, 2004). Some of the available
statistics indicate that the construction and operation of thebuilt environment
accounts for:12-16 % of fresh water consumption; 25% of wood harvested;
30 - 40 % of energy consumption; 40% of virgin materials extracted and
20-30% of greenhouse emissions (Macozoma, 2012).

iii) Public impact

Most construction projects are located in a densely populated area. Thus,
people who live at or close to construction sites are prone to harmful effects
on their health because of dust, vibration and noise due to certain
construction activities such as excavation and pile driving (Li et al., 2010).
During the construction phase of a project, construction dust and noise are
regarded to be two major factors that affect human health (Tam et al., 2004).
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Li et al. (2010) and Zolfaghrian et al. (2012) conducted a research about
environmental impacts of construction in United States of America; they
categorized the environmental impact into three safeguard categories:
ecosystems, natural resources, and public impacts.

Li et al. (2010) stated that health damage accounts for 27% of the total impact,
which is less than the ecosystem damage (65%), but far beyond the resource
depletion (8%), which justifies the necessity of performing health damage
assessment. Zolfaghrian et al. (2012) confirmed that transportation resources,
noise pollution, and dust generation with construction machinery are the most
risky environmental impacts on construction sites. Among the three
environmental impacts, ‘ecosystem impacts’ has the greatest impact on the
environment (67.5%) of total impacts. ‘Natural resources impact’ accounts for
21% of the total impacts, while ‘public impact’ consists of only 11.5% of the
total impacts.

Management of Wastes

Models of Waste Management

Below are some of the waste management models and the ability to use them on
construction sites. The first 3 models are the average cost estimation model,
equivalent method of cost estimation, and activity-based costing model.

1) Average cost estimation model: The average cost estimation model can
be used when consideringa company producing one product only. It involves
simply dividing the total cost for the period in question by the total
production during that period, resulting in the cost per ton, or litre etc. This
model can be applied to companies producing a limited number of different
products, all based on mainly the same raw material and having similar
manufacturing process.

2) Equivalent method of cost estimation: This model can be applied to
companies producing a limited number of different products, all based on
mainly the same raw material and having similar manufacturing process.

3) Activity-based costing model: The activity-based costing (ABC) model
is based on the fact that if many of the costs arise from factors that are non-
volume based, the ABC model is clearly applicable. The goal is to trace
costs to products or services instead of arbitrarily allocating them. The
models shown above are all based on several mathematical equations and
steps that should be followed, number to be input, and calculations to be
performed in order to get results which are not very applicable on
construction sites, they are applicable for industrial management but not
necessarily applicable for waste management purposes.

4) This model was proposed for evaluating the environmental, economic and
social sustainability of demolition waste. The reason of scant use of this
model is because of the low priority of the social influence of performing
construction wastemanagement on construction sites, and because of social
impact is not always amenable to empirical measurement.

The following waste management models are applicable to construction
sites and projects:
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management can help promote waste management practices in many ways
by assigning workers responsible for on-site waste collection, sorting and
handling, purchasing equipment and machines for waste management,
developing and implementing waste management plans, motivating
practitioners to minimize C&D waste and improving operatives’ skills of
waste handling through vocational training. The financial reward of this
model was perceived as a key incentive driving waste reduction during a
construction project.

6) Site space for performing waste management: Site space refers to the
space used for on-site waste collection, sorting and handling. Since C&D
waste is often the mixture of inert and organic materials, and mixed and
contaminated waste is not suitable for reuse or recycling but generally
disposed of at landfills directly, on-site sorting is effective in achieving a
higher rate of waste reuse and recycling.

According to Yuan (2012), site space was found to be one of the most
important factors when selecting on-site sorting schemes. Without a space
layout pre-planned for waste collection and sorting, the temporary placement
of sorting facilities and implementation of waste collection and sorting
activities might disarrange other construction activities. The pollution
resulted from the huge amount of C&D waste to the surroundings would be
greatly lessened through effective on-site sorting, therefore sufficient on-
site space for waste sorting is important to maximizing C&D waste reuse
and recycling.

7) The waste contractor: Theuse of a waste contractor orwaste transportation
firm with a primary responsibility to provision of waste collection bins and
labelling of the bins to suit the waste stream identified in the contractor’s
waste management plan is highly recommended. The waste material can
become the property of the waste removal contractor and any rebates paid
on recyclable products should be made to the account of the waste removal
contractor.

8) Eliminating Waste: This model is also known as designing out waste,
which is the technique of minimizing waste by avoiding, eliminating, and
reducing waste at its source. Designing out waste at the earliest stages of
the construction process offers the greatest opportunities for waste
minimization. Some waste generated in the process of construction can be
eliminated by using durablemodular metal form systems for use in concrete
construction may be selected on the basis of being readily demountable
and reusable on other projects. Eliminating wood waste associated with
formwork fabricated of plywood and dimensional lumber can be beneficial
to reduce impacts on human health and the environment. Reducing waste
means more efficient use of materials by adopting efficient practices, less
product will be purchased which will lead to less generation of waste and
thus cost savings on material and waste disposal.

9) Three Rs’ (3Rs): This model refers to the 3Rs’ of Reduce, Reuse, and
Recycle. The 3Rs’ is meant to their desirability. Reduction is considered as
the most effective and efficient method for managing C&D waste. By
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reducing waste generation the cost of waste transportation and disposal
will be reduced as well. The reuse of material that is considered waste is
another effective method of reducing waste that is disposed on landfills
and thus a major cost savings for construction projects. The third part of
this model encourages the use of recycled material. Using recycle material
will protect the environment and reduces the use of unrecovered natural
resources.

10) Prefabrication: This model uses prefabrication and Industrialized Building
Systems (IBS) to reduce waste generation and management problems.
Advantages of applying prefabrication in the building and construction
activities include enhance integrity on the building design and construction,
reduction unskilled workers; reduce construction cost, fixed design at early
stage of design, better supervision, promote safer and more organized
construction site and improve environmental performance through waste
minimization. By having a better WM, a construction company can reduce
its cost of waste disposal as well as onsite risks and environmental pollution.
The company that has better construction waste record will have better
chance to meet the government regulations and contractual obligations.

Owing to growth in construction, it is expected that C&D waste generation
in India will increase. If measures to minimize and handle the C&D waste
are not developed and efficiently adopted, it may threat environment as
well as sustainable movement of the country. C&D waste minimization
and handling are necessary in view of limited landfill space and increasing
quantum of demolition waste otherwise there may be issues related to
handling the waste and finding space for land filling. This will cause an
extra burden on solid waste management plans, which are already looking
for new ways to fight with the growth in municipal solid waste due to
increase in urban population and developments in the country. Government
policies and laws should be reformed to motivate and make C&D waste
management mandatory for all types of construction activities.

Check Your Progress 1

Note: a) Write your answer in about 50 words.

b) Check your progress with possible answers given at the end of the
unit.

1) Describe the different types of construction wastes?

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................
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Steel is a versatile commodity that plays a major part in everyday life—from
food cans, household containers, automobiles, and office buildings. Steel makes
up the largest category of metals in the municipal solid waste (MSW) and
industrial waste streams. Steel since ages has been a recycled material throughout
the world.

Solid wastes in steel plants are essential by-products generated during various
processing steps involved in the production of iron and steel. Solid wastes
generated by integrated iron and steel works cause environmental pollution and
therefore must be discarded. Until the last decade, the slag, dust and sludge
generated by integrated steel plants was called waste”, but now this term has
been replaced with ”by-product” due to intensive re-utilization of these wastes.

Development of steel industry has brought with it environmental degradation.
Environmental conservation has become an increasingly more important aspect
of our daily lives. With the rapid and extensive industrialisation and urbanisation
in many parts of India, there is a dawning realisation that ultimate prerequisite
for man’s survival could well be the preservation of environment. We live under
horns of dilemma. However, our expectations and our perceptions of what
constitutes a minimum standard of living have put increasing pressure on both
the public and private industrialists to ensure clean and healthy environment.

Occupational and environmental health hazards:

Potential occupational health hazards can include air contaminants, chemical,
biological, physical, and ergonomic hazards. The potentialoccupational hazards
amongst the employees are further divided into 4 categories namely: (i) physical
hazards that include heat, and radiation exposures, (ii) chemical hazards that
include fumes dust and gasses, (iii) mechanicalhazards that includeback problem,
muscular pain and varicose vein, and (iv) psychosocial hazards that include
fatigue headache, stress and depression.

Physical hazards

Physical hazards include excessive levels of ionizing and non-ionizing
electromagnetic radiation, noise, vibration, illumination, and temperature. In
occupations where there is exposure to ionizing radiation, time,
distance, and shielding are important tools in ensuring employee’s safety.

Danger from radiation increases with the amount of time one is exposed to it.
Hence, the shorter the time of exposure the smaller is the radiation danger.
Distance also is a valuable tool in controlling exposure to both ionizing and
nonionizing radiation. Radiation levels from some sources can be estimated by
comparing the squares of the distances between the employee and the source.
For example, at a reference point of 10 metres from a source, the radiation is 1/
100 of the intensity at 1 metre from the source. Shielding also is a way to protect
against radiation. The greater the protective mass between a radioactive source
and theemployee, the lower the radiation exposure. In some instances, however,
limiting exposure to or increasing distance from certain forms of nonionizing
radiation, such as lasers, is not effective. For example, an exposure to laser
radiation that is faster than the blinking of an eye can be hazardous and would
require employees to be miles from the laser source before being adequately
protected. Shielding workers from this source can be an effective control method.
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Noise,another significant physical hazard,can be controlled by various measures.
Noise can be reduced by installing equipment and systems that have been
engineered, designed, and built to operate quietly; by enclosing or shielding
noisy equipment; by making certain that equipment is in good repair and properly
maintained with all worn or unbalanced parts replaced; by mounting noisy
equipment on special mounts to reduce vibration; and by installing silencers,
mufflers, or baffles. Substituting quiet work methods for noisy ones is another
significant way to reduce noise-for example, welding parts rather than riveting
them.Also, treating floors, ceilings, and walls with acoustical material can reduce
reflected or reverberant noise. In addition, erecting sound barriers at adjacent
work stations around noisy operations reduce employees’ exposure to noise
generated at adjacent work stations.

Another physical hazard namely radiant heat exposure is very common in steel
plants. Radiant heat exposure can be controlled by installing reflective shields
and by providing protective clothing.

Chemical hazards

Harmful chemical compounds in the form of solids, liquids, gases, mists, dusts,
fumes, and vapours exert toxic effects by inhalation (breathing), absorption
(through direct contact with the skin), or ingestion (eating or drinking). Airborne
chemical hazards exist as concentrations of mists, vapours, gases, fumes, or
solids. Some chemicals are toxic through inhalation and some of them irritate
the skin on contact while someother chemicals can be toxic by absorption through
the skin or through ingestion.Some otherchemicals are corrosive to living tissue.

The degree of employee’s risk from exposure to any given substance depends
on the nature and potency of the toxic effects and the magnitude and duration of
exposure. Information on the risk to employees from chemical hazards can be
obtained from the ‘Material Safety Data Sheet (MSDS)’ of the chemical. The
MSDS is a summary of the important health, safety, and toxicological information
on the chemical or the mixture’s ingredients.

Biological hazards

Biological hazards include bacteria, viruses, fungi, and other living organisms
that can cause acute and chronic infections by entering the body either directly
or through breaks in the skin.

Occupations that deal with bacteria may expose employees to the biological
hazards. Laboratory and medical personnel also can be exposed to biological
hazards. Any occupations that result in contact with bodily fluids pose a risk to
employees from biological hazards.

Effective personal hygiene, particularly proper attention to minor cuts and
scratches especially on the hands and forearms, helps keep employees’ biological
hazards risks to a minimum. In occupations where there is potential exposure to
biologicalhazards, workers should practice proper personalhygiene, particularly
hand washing.

Ergonomic hazards

The science of ergonomics studies and evaluates a full range of tasks including,
but not limited to, lifting, holding, pushing, walking, and reaching. Many
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assembly line speeds, adding specialized tasks, and increased repetition; some
problems arise from poorly designed job tasks. Any of those conditions can
cause ergonomic hazards such as excessive vibration and noise, eye strain,
repetitive motion, and heavy lifting problems. Improperly designed tools or work
areas also can be ergonomic hazards. Repetitive motions or repeated shocks
over prolonged periods of time as in jobs involving sorting, assembling, and
data entry can often cause irritation and inflammation of the tendon sheath of
the hands and arms, a condition known as carpal tunnel syndrome.

Ergonomic hazards are avoided primarily by the effective design of a job or
jobsite and by better designed tools orequipment that meet employees’ needs in
terms of physical environment and job tasks. Through thorough worksite
analyses, management can set up procedures to correct or control ergonomic
hazards by using the appropriate engineering controls (e.g., designing or
redesigning work stations, lighting, tools, and equipment); training of the
employees for correct work practices (e.g., proper lifting methods); employing
proper administrative controls (e.g., shifting workers among several different
tasks, reducing production demand, and increasing rest breaks); and, if necessary,
providing and mandating personal protective equipment. Evaluating working
conditions from an ergonomics standpoint involves looking at the total
physiological and psychological demands of the job on the employees.

The benefits of a well-designed, ergonomic work environment result into
increased efficiency, fewer accidents, lower operating costs, and more effective
use of personnel.

Some general health hazards are caused as a result of contact between the
pollutants and the body. These hazards are (i) eye irritation, (ii) headache, (iii)
nose and throat irritation, (iv) irritability of respiratory tract. Gases like hydrogen
sulphide, ammonia and mercaptans cause odour nuisance even at low
concentrations. High temperature can cause fatigue and dehydration. Chronic
pulmonary diseases like Bronchitis and asthma are aggravated by a high
concentration of SO

2
, NO

2
, particulate matterand photo-chemical smog. Carbon

monoxide combines with the haemoglobin in the blood and consequently
increases stress on those suffering from cardiovascular and pulmonary diseases.
Dust particles cause respiratory disease. Diseases like silicosis, asbestosis etc.
result from specific dust. Carcinogenic agents like PAH’s, hexavalent Cr, Cd
etc. cause cancer. Hydrogen fluoride causes diseases of bone (fluorosis) and
mottling of teeth. Certain heavy metals like lead, cadmium, mercury, chromium,
nickel, manganese etc. enter into body by inhalation,skin absorption and through
food chain. They cause acute and chronic poisoning.

Mechanical systems resulting in a constant flow of fresh air would add greatly
to the comfort of the operative, and would in some cases improve his output.
More important is the conservation of the employees’ health, for the prevalence
of dust may result in pulmonary disease. In certain manufacturing processes,
the reduction of dust to a minimum should be made obligatory. More attention
is also to be paid to the general cleanliness.

Types of Solid Wastes Generation

The solid wastes generated in steel industry are of two types, i.e., ferruginous
wastes and non ferruginous wastes. The ferruginous wastes, i.e. the iron bearing
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wastes are generated from steel making viz., mill scale, flue dust, sludges from
Gas cleaning plants of Blast Furnaces and Steel Melting Shops, Blast furnace
slag and SMS slag. The non ferruginous wastes are lime fines, broken refractory
bricks, broken fire clay bricks, acetylene plant sludge etc.

Blast furnace flue dust and electric earth furnace dust are mixture of oxides and
coke fines. It also contains silicon, calcium, magnesium and some undesirable
elements like zinc, lead and alkali metals. Rolling Mill sludge is mainly
contaminated with oils and inorganic particles. Dry slag exhibits stable
performance, small density, high strength and high temperature endurance,
making it suitable as concrete aggregate.

Wastewater from Drilling Activity

Therejected drill cuttings which may be con­taminated with hydrocarbons, sand,
silt and mud along with impurities form thecomponents ofwastewater generated
at drill site. The quantity of wastewater generated depends on type of formation,
quantity of water used in washings in shale shaker, desander and mud cleaner,
drilling depth and the type of drilling activity. Normal water requirements at
exploratory drilling site are around 120 m /day of which 50-60 m is generated as
wastewater. The wastewater is viscous, oily in nature and contains 6-8% solids,
high COD, oil and grease and heavy metals. The major components are mostly
inorganic in nature with poor settle ability.

Wastewater from Processing Facility

The water that is recovered during emulsion breaking is called as produced
water and is often recycled through skimmers to remove excess free oil, is filtered
and then is stored in water tanks prior to underground injection to enhance the
recovery. The produced water contains dissolved solids, chloride, emulsified
oil, COD, BOD and heavy metals. The sources of wastewaters and their quantity
depend upon the pre-treatment to be given to crude oil. However, irrespective of
pre-treatment, the wastes are characterised by high mineral content, salinity, oil
and grease and hydrocarbons.

Wastewater from Refinery

Process wastewater containing hydrogen sulphide, ammonia and oil is termed
as sour water. It is stripped with steam to remove hydrogen sulphide, ammonia
and light gases, which are then recovered or incinerated. Wastewater generation
from the refinery is detected by the diversity of refinery unit processes and
operations. The major sources of wastewater in the refinery are process/boiler
areas and account for 2/3 of the total wastewater (10,000-15,000 m3/day). The
other units like cooling water and domestic activities will also contribute to
total wastewaters to the order of 20% and 15% respec­tively.

The wastewater includes

 Water formed or eliminated during reactions.

 Wash water from cleaning operations, water drawn from storage tanks.

 Excess stripped sour water from stripping operations and boiler blow down.

 Spent caustic and spent amine from product treaters and process unit
respectively.
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 Potentially contaminated storm water consisting of surface drainage from
refinery process units, utility units, off site paved areas and truck/rail loading
areas.

 Storm water sources consisting of rainwater and surface drainage, from
non-hazardous areas.

 Sanitary wastewater stream.

Effects on Health and Environment

 Air pollutants released during iron- and steelmaking operations have
historically been an environmental concern in the context of the localized
public health impacts that the industry can haveon densely populated areas.
Air pollutants remain a material sustainability concern for iron and steel
producers due to heightened regulatory and public concern about air
pollution globally, as well as expansion of steel production in emerging
markets. In particular, iron and steel production in countries such as China
and India are affected by new regulatory efforts aimed at curbing alarming
levels of air pollution. Emissions from the industry can vary depending on
the process employed, engineering and construction of the plant, raw
material and energy inputs, and effectiveness of pollution control equipment.
Iron and steel production typically generates criteria air pollutants (CAPs),
Volatile Organic Compounds (VOCs), and emissions ofchemicals reported
to the EPA’s Toxics Releases Inventory (TRI). Furthermore, emissions of
Hazardous Air Pollutants (HAPs) occur through blast furnaces, co-located
coke ovens, and EAFs.

 Air pollutants from iron- and steel-making operation have traditionally been
considered as an environmental and health hazard and consist of gaseous
substances such as SO

2
, NO

2
, and CO (Rafiei et al., 2009). Polycyclic

Aromatic Hydrocarbons (PAHs) are one of the emission pollutants that
have turned into an important environmental concern during the past
decades, for the reason that of theirpersistence, bioaccumulation and toxicity
in the surroundings. It was also observed that the Several PAHs also exhibit
mutagenic and/or carcinogenic properties (Netto et al.,2007). Amajor source
of Polycyclic Aromatic Hydrocarbons (PAHs) was identified as iron-steel
plants and due to the presence of coke ovens; PAH emissions of the
integrated iron and steel plants are even higher (Zhao et al., 2006). Electric
Arc Furnace (EAF) has been reported as one of the major polychlorinated
dibenzo-p-dioxins and dibenzofurans emission sources of air pollutants (Lee
et al., 2004). Jointly with sinter plants (Wang et al., 2003), they contribute
99% of the aggregate PCDD/F health risk to nearby population in thickly
populated areas of a city in southern Taiwan (Kao et al., 2007).

 In particular, the production process releases sulfur oxides,nitrogen dioxide,
lead, and carbon monoxide, as well as particles such as soot and dust. These
particles are known to carry iron oxides that are detrimental to human health.
These emissions are hazardous like the thick layer of red dust that covers
Kerala Samajam School in Jamshepdur. Its students complain of eye
irritation and breathing problems. For people living close to steel plants
black and red dust is common. Slag disposal is a major environmental
problem with steel making.
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 For the past 15 years, Jindal Steel Plant Limited (JSPL) in Raigarh has
been dumping slag from its steel melting shop (SMS) and waste from its
sponge iron units at its dump site five km from the plant. During rainy
season, pollutants from the site reach Parsada village. At the receiving end
are farmers whose crops are suffering.

 Heavy metals released from the sponge iron plants, are highly toxic, to the
atmosphere during handling of iron ore and from the stacks of steel plants,
some of them—chromium (as Cr+6), cadmium, nickel, are human
carcinogens, Iron along with other carcinogenic heavy metals tends to
increase prevailing cancer risk, although the toxic effects of heavy metals
arevaried and may often manifest over a long period of exposure, sometimes
several years, as in the case of cancer.

 Small size industries located at Urla, Siltara and Borjhara industrial areas
on the periphery of Raipur have not followed and utilized pollution control
measures neither using electro-static precipitator (ESP) — an air pollution
control device — during night period of operations. As per government
officials, about 145 industrial units in this industrial area are very close to
Raipur is not with pollution control equipment. Near Raipur, Urla, Siltara
and Borjhara areas are located in close proximity to the National Highway
(NH) 200 on the Raipur-Bilaspur road is home to forty three sponge iron
plants, about a hundred rolling mills and a few ferro-alloy units. Experts
declare so as to about one million people from Raipur city and its forty
neighbouring villages were suffering from severe respiratory diseases and
skin cancer due to direct exposure to polluted air, water and dust-mixed
grain and vegetables due to the presence of dense industrial activities.

 Iron acts along with other carcinogenic heavy metals to enhance cancer
risk. The toxic properties of heavy metals are varied and may over and over
again manifest over a long-lasting period, now and then several years, as in
the case of cancer. SIUs also emit oxides of sulphur and nitrogen and
hydrocarbons. The emission pollutants are also expected to enhance the
incidence of respiratory tract complaints, e.g., coughing, phlegm, chronic
bronchitis and also aggravate asthmatic conditions.

 Iron and steel industry which comprises, mining of ores, preparation of raw
materials, agglomeration of fines in sinter plant, feeding of burden to blast
furnace, manufacturing of coke in coke ovens, conversion of pig iron to
steel, making and shaping of steel goods, granulation of slag for its use in
cement plant, recovery of chemicals from Benzol and tar products etc. All
the above mentioned operations add to air, water, land and noise pollution.

Management of Wastes

Methods Used By Various Steel Industries for the Waste Disposal:

 Jindal Steel and Power Limited (JSPL) through extensive R & D activities
have identified various solid wastes that could be used as productive inputs.
Thecompany pursues the policy of three R’s — Recycle, Reduceand Reuse
– to manage its waste. Many innovative projects under “Wealth from Waste”
have been implemented for solid waste utilization. The main objective of
the company is to transform solid waste into wealth in order to benefit from
it.
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BARC, Mumbai for bio-gas production. Bio-degradable from residential
area is collected, segregated and fed in this 3 TPD BMP. It is the only plant
of its kind in whole of Chhattisgarh. As per the Fly Ash Notification Law,
which came into effect from 1999, JSPL has attained Fly Ash Utilisation
Status. Steps have already been taken to achieve a level of 100% utilization
of the same. The ash is partly used for brick making, ash dyke rising, road
and embankment construction, cement manufacturing and land filling.

 Another major steel industry, Tata steel, has made reducing emissions a
priority for the Company. Operational investments, such as the new H Blast
Furnace in Jamshedpur, seek to employ state-of-the-art equipment, which
improves efficiency and reduces pollution.

Some steps taken by Tata Steel, India are:

 89.6% of solid waste generated from Steel Works is recycled or reused.

 17% of the solid waste generated, amounting to approximately 6, 12,300
tonnes in 2008-09 was used to fill low-lying areas and for peripheral road
construction around Jamshedpur.

 Apart from these waste disposalmethods used by the companies, recycling
is also becoming very important. Recycling is a process using materials
(waste) into new products to prevent waste of potentially useful materials,
reduce the consumption of fresh raw materials, reduce energy usage, reduce
air pollution (from incineration) and water pollution (from landfilling) by
reducing theneed for “conventional” waste disposal, and lower greenhouse
gas emissions as compared to plastic production. Recycling is a key
component of modern waste reduction and is the third component of the
“Reduce, Reuse, and Recycle” waste hierarchy.

 Schnitzer Steel Industries Inc, founded in 1906 as a one-man scrap metal
operation, is now one of the largest recyclers of scrap metal, a leading
provider of used and recycled auto parts and a manufacturer of finished
steel products. The company has also started joint venture with American
Rail Marketing LL, Cherry City Metals, Plant Reclamation and United
Metals.

Recovering steel not only saves money, but also dramatically reduces energy
consumption, compared to making steel from virgin materials. In turn, this
reduces the amount of greenhouse gases released in to the air during processing
and manufacturing steel from virgin ore. These are the few developments which
have taken place in the waste disposal and recycling area, however with the
growth in the manufacturing and production more developments and innovations
will be seen in the near future.

3.2.3 Sugar/Distilleries Industry

India is the largest producer of sugar in the world and per capita consumption of
sugar in the country is 134 kilograms per annum. There are about 400 operating
sugar mills, located mainly in the states of Uttar Pradesh, Maharashtra, Andhra
Pradesh, Karnataka and Tamil Nadu. Sugar industries have an important place
in the Indian economic development.
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Types of Wastes Generated at Sugar Industries/Distilleries

These include sugarcane waste, molasses, bagasse fly ash and so on. Distilleries
are one of the most polluting industries as 88% of its raw materials are converted
into waste and discharged into the water bodies, causing water pollution. In the
distillery, for every litre of alcohol produced, about 15 l of spent wash is released
(Ravikumar et al. 2007). Most of the distilleries co-exist with sugar mills and
utilize the molasses from cane sugar manufacturing as the starting material for
alcohol production.Alcoholdistilleries are highly water intensive units generating
large volumes of high strength wastewater which pose a serious environmental
concern.

Occupational and Environmental Health Hazards

Occupational health and safety issues that may be specifically associated with
sugar manufacturing operations include the following:

 Physical hazards

 Exposure to dust and biological hazards

 Exposure to chemicals (including gases and vapors)

 Exposure to heat and cold and radiation

 Exposure to noise and vibrations

Physical Hazards

The most common risks for accidents in sugar manufacturing facilities are trips
and falls caused by slippery floors, stairs, and elevated platforms (e.g. due to
water and molasses), the incorrect useof equipment (e.g. packaging and transport
equipment), contact with sharp edges on process equipment (e.g. replacing worn
beet slicing knives in the slicing machines), accidents involving conveyor belts,
and explosions (e.g. sugar drying and storing, and from gas fuels storage, and
boilers).

Repetitive Work Injuries

Sugar manufacturing activities may include a variety of situations in which
workers can be exposed to lifting, carrying, and repetitivework, and work posture
injuries.

Dust and Biological Hazards

Workers are exposed to dust (including biological and microbiological agents)
during the sugar drying and packing processes.

Heat, Cold, and Radiation

Workers can be exposed to heat, cold, and radiation from changes in the internal
climatic conditions caused by cold and warm areas or activities and exposure to
heat (e.g. from boilers or hot equipment).

Noise and Vibrations

Noise and vibrations result from a variety of sources (e.g. internal and external
transportation, flow in pipelines, lime milling, rotating machinery, ventilators,
turbines, and compressors).
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The wastewater generated from these industries bear a high degree of pollution
load. Sugar industries in India generate about 1,000 L of wastewater for one
ton of sugar cane crushed. Wastewater from sugar industry, if discharged without
treatment, poses pollution problems in both aquatic and terrestrial ecosystems.

Also sugar production is responsible for loss of biodiversity due to its destruction
of habitat by heavy use of agricultural chemicals. In Papua New Guinea the
fertility of soil has declined by about 40% due to heavy cultivation of sugarcane
for sugar production. Sugar mills uses bagasse as a fuel in boilers. Bagasse fly
ash is mainly comprised of the waste generated due to unburned bagasse and
carbon particles, which causes air pollution. This ash is very light in weight and
contains a large percentage of fines. The heavier particles settle on vegetation
and damage them. This has physiological effects like irritation in the eye, nose,
throat and lungs, in the surrounding areas. In the production of sugar large amount
of water is used for irrigation process which results in the discharge of polluted
waste water. It is estimated that sugar mills generate 98 lakh tonne of sugar and
0.16-0.76 m3 of waste for every tonne of cane crushed by them. Also about
450800 lakh liters of waste water is generated by sugar mill per year. This waste
water when discharged and get mix with water resources then decreases the
level of dissolved oxygen and water become unfit for fish and other aquatic life.
Also, when the waste water is discharged on land causes land pollution as organic
waste clog the soil pores.

Alcohol when dispersed in air cause air pollution. When the ethanol vapors are
exposed to air, they have potential to explode. The hazard arises from leakage in
tanks. It has the capacity to combust even without oxygen. There are many
flammable materials in distillery. The grain processing section also has a fire
hazard due to the generation of grain dust and other particles. Older distilleries
are made up of wood so they can easily catch fire. Spent wash generated from
distillation process has very high pollution potential. Distillery spent wash is
not only high on organic and inorganic pollutants, but also having dark brown
coloreven after bio-methanation. Distilleries are known to generate huge amount
of toxic gases. The conventional technologies results in the color and odour
change of water of river.

The distilleries have been generating huge quantities of high toxic effluents.
The spent wash generated from distilleries has high chemical oxygen demand
(COD) (80,000–100,000 mg/L) and biochemical oxygen demand (BOD)
(40,000– 50,000 mg/L), high temperature, is dark brown in colour having low
pH (54.0–4.5) (Central Pollution Control Board 1994). COD and BOD values
of this spent wash are due to the presence of a number of organic compounds,
such as polysaccharides, reduced sugars, lignin, proteins, melanoidin, waxes,
etc. The amountof inorganicsubstances such as nitrogen,potassium, phosphates,
calcium, and sulfate is also very high (Melamane et al., 2007). Spent wash
contains about 2% melanoidin which has an empirical formula of C17–18H26–
27O10N and molecular weight between 5000 and 40,000 Da (Martin et al. 2002;
Manisankar et al. 2004). These compounds have antioxidant properties, which
render them toxic to many microorganisms such as those typically present in
wastewater treatment processes (Kumar et al. 1997).
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Distillery wastewater also causes soil pollution and acidification in the cases of
inappropriate land discharge. It is reported to inhibit seed germination, reduce
soil alkalinity, cause soil manganese deficiency, and damage agricultural crops.
It also affects the farm animals. They drink it and resulted in increased livestock
mortality, poor health, and reduced milk yield. Even the human beings lived in
distillery wastewater polluted area is affected by skin allergies, headache,
vomiting sensation, irritating eyes, fever, and stomach pain. It is analyzed that
distillery wastewater, highly polluted and having very high COD and BOD, and
dark brown reddish colour. Some of the contaminants, such as certain level of
minerals or compounds are not only harmful to health, but also create a long
term effects such as cytototoxic and genotoxic effect.

Management of Wastes

There is scope of recycling and reuse of water in sugar mills thereby minimising
water consumption and ultimately effluent quantity. The recycling and reuse of
hot condensate water can reduce the water consumption to as low as 100-200
litres, as against 1,500-2,000 litres per tonne of cane crushed. Proper
housekeeping, periodic checking and maintenance of pipe joints, valves and
glands further reduces the water consumption and effluent quantity.

In general, anaerobic biological processes (oxidation ponds and biomethanation)
have several advantages over aerobic processes (aerated lagoons, activated sludge
process). Anaerobic processes are easier to control and operate, produce a lower
quantity of sludge and their costs are lower. Anaerobic processes decompose
the organiccompounds in an atmosphere free ofoxygen and consequently require
significantly less energy as compared to aerobic processes.

Among the air pollution control of treated equipments; wet collectors and multi-
cyclones, can reduce particulate matter in boiler emissions by 90% or more.
These equipments can reduce the concentration of particulate matter to 450 mg/
Normal cubic metre. Double Sulphitation Process, already adopted by most of
the sugar industries, reduces the quantity of lime sludge and press mud to a
great extent. The lime sludge is usually dumped in low lying areas, whereas
press mud is sold to farmers as it can be used as manure. Bagasse is either used
as fuel or sold to pulp and paper industry which use them as raw materials.
Molasses produced in sugar industry are raw materials for fermentation industries.

Biogas from Press Mud

Press mud, which is discarded as a solid waste from sugar mills and used as
manure or as a landfill, is found to be a useful substrate for biogas production.
The effluent slurry is also useful as a nutrient rich fertilizer.

Occupational and Environmental Health Hazards

Grain dust and initial processing can pose a risk to health. Gases and vapours
involved in the brewing process are another hazard. Ethanol at a very significant
airborne concentration causes serious health risks. Other gases, particularly
CO

2
a by-product of the fermentation process can also be hazardous. Noise,

very warm working environments, ergonomic issues and the usual industrial
risks are also some hazards present.
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Current treatment options used to treat distillery spent wash includes physical,
chemical, physicochemical and biological methods before its disposal. The
selection of treatment methods depends on various factors viz. treatment
efficiency, treatment cost, local geography, climate, land use, regulatory
constraints, and public acceptance of the treatment.

Some technologies to treat the spent wash include:

 Anaerobic Digestion with bio-gas recovery (Bio- methanation)

 Composting; and

 Incineration

Biomethanation

Biomethanation is the process involving decomposition of organic matters (and
to some extent inorganic matters) in the absence of molecular oxygen. Bio-
conversion of the wastes results in methane rich gas. The advantages of
biomethanation in case of spent wash are:

 Generation of bio-gas which can meet more than 60% of the fuel
requirements of the distillery and,

 About 80-90% of BOD is removed from spent wash

Over the years, a number of distilleries in the country have adopted
biomethanation for treatment of spent wash.The investment made in this system
is paid back within 4-5 years. No doubt, the distilleries which adopted
biomethanation are reaping the environmental and economic dividend.

Composting

In this process, the spent wash is mixed with filler materials, such as press mud,
rice husk, wood chips, bagasse pith etc. The mixture is seeded with cow dung or
specially developed micro-organisms to hasten the process. The process takes
12-14 weeks to be completed and results in black compost, which can be used
as manure.

Incineration

This process is base on the principal that the spent wash, when concentrate to
60% W/W, develops sufficient calorific value and can burn by itself without any
external input of energy. This process results in potash rich ash which can be
used as a fertilizer.

The emerging treatment methods like enzymatic treatment have technological
advantages and yet are in its infancy, requiring economical considerations in
order to apply it on the plant scale. There appears to be a great potential for
enzymes in a large number of waste treatment areas. The feasibility of application
of the process to full-scale would need further research in this continuous culture
set-up, in order to minimize the added nutrients and extend the biomass activity
for a longer period.



54

Industrial Pollution:
Automobile, Paint,
Pharmaceutical, Personal
Care Products, Construction
and other Industries

3.2.4 Paper and Pulp Industry

Throughout the day we use, dispose and come into contact with volumes of
paper just to find a forte that the world without paper is inconceivable. More
than 18 tonnes of paper are produced every year in India. The output of the
industry is valued at about 27 million thousand rupees annually. The paper
industry is one of the most polluting industries in the world. Pulp and paper are
manufactured from raw materials containing cellulose fibres, generally wood,
recycled paper, and agricultural residues. In developing countries, about 60% of
cellulose fibres originate from non wood raw materials such as bagasse, cereal
straw, bamboo, reeds, esparto grass, jute, flax and sisal. The main steps in paper
and pulp manufacturing are: Raw material preparation and handling, Pulp
manufacturing, Pulp Washing and Screening, Chemical recovery, Bleaching,
Stock Preparation and Paper Making.

Pulp is a lignocellulosic fibrous material prepared by chemically or mechanically
separating cellulose fibres from wood, fibre crops or waste paper. Paper is a
major product of the forestry industry, and is used widely in our society. Paper
products are used not only in their obvious applications in the publishing industry
and for writing on, but also in a variety of speciality papers, cardboards, brown
papers etc. In addition, various chemicals are produced as a by-product of the
pulp and paper industry. Pulp and paper production is not only based on the use
of bamboo as a raw material, but also on the consumption of large-scale
chemicals, like chlorine, sodium-hydroxide etc.

Types of Waste Generated

Pulp and paper industry is intensive in terms of raw material consumption.
Besides pollution load generation, the other consumption includes chemical,
energy, water and capital requirements. About 41.8% of wood is recovered as
bleached pulp. Of the remaining wood, roughly 4.2% ends up as solid waste,
5.25% goes into wastewaters as dissolved organic matter and 2.3% goes as
suspended solids in wastewater (Nemade et al. 2003). The potential pollutants
from pulp and paper mill fall into four principal categories as under:

Water effluents

 Suspended solids including bark particles, fiber, pigments and dirt.

 Dissolved colloidalorganics like hemicelluloses, sugars, lignin compounds,
alcohols, turpentine, sizing agents, adhesives like starch and synthetics.

 Color bodies, primarily lignin compounds and dyes.

 Dissolved inorganics such as NaOH, Na
2
SO

4
and bleach chemicals.

 Thermal loads.

 Microorganisms such as coliform group.

 Toxic chemicals.

Gases

 Malodorous sulphurgases such as mercaptans and H
2
Sreleased from various

stages in Kraft pulping and recovery process.

 Oxide of sulphur from power plants, kraft recovery furnace and lime kiln.

 Steam.
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 Fly ash from coal fired power boilers.

 Chemical particles primarily sodium and calcium based.

 Char from bark burners.

Solid wastes

 Sludges from primary and secondary treatment and causticizing in kraft
mill recovery section.

 Solids such as grit bark and other mill wastes.

 Ash from coal fired boilers.

Occupational and Environmental Hazards

The main occupational exposures have been wood dust, terpenes and bleaching
chemicals in the pulp mills. In sulfate mills also hydrogen sulfide and other
reduced sulfur compounds are used. In sulfite mills sulfur dioxide is found as
well, whereas paper dust and different additives appear in the paper mills. There
is amultitude of chemicals in this industry, including somepotential carcinogens.
Other exposures arenoise, heat,microorganisms and shift works. Safety hazards
including nip points, wet walking surfaces, moving equipment and heights are
common throughoutpulp and paper operations. Noise and heat arealso ubiquitous
hazards. In chemical recovery areas, acidic and alkaline process chemicals and
theirby-products may be presentat temperatures in excess of 800°C. For example,
workers rake the spattering molten smelt that collects at the base of the boilers,
thereby risking chemical and thermal burns. Workers may be exposed to dust
when sodium sulphate is added to concentrated black liquor, and any leak or
opening will release noxious reduced sulphur gases. The potential for a smelt
water explosion always exists around the recovery boiler. Water leaks in the
tube walls of the boiler have resulted in several fatal explosions. In bleach plants,
field operators may be exposed to the bleaching agents as well as chlorinated
organics and other by-products. Chemical exposures in the machine room of a
pulp or paper mill include chemical carry-over from the bleach plant, the
papermaking additives and the chemical mixture in the waste water. When
material is fed into the boiler at too high amoisture level, workers may be exposed
to blow-backs of incompletecombustion products. Workers responsible for water
treatment may be exposed to chemicals such as chlorine, hydrazine and various
resins. Sodium chlorate (a strong oxidizer) can become dangerously flammable
if it is allowed to spill on any organic or combustible material and then dry.

Effects on health and environment

Themost obvious link between the paper industry and environment is its pressing
threat to the forest cover. Another serious threat is the effluent that is discharged
by its industry, highly toxic and finds its way into the groundwater of adjoining
areas.Naturally it has to be disposed of. Many factories earlierused conventional
aerobic treatment plant which used bacteria to clean the waste water. But aerobic
treatment was found to be highly energy intensive in the long run. Now much of
the treatment is done by the new anaerobic digestion process and also generates
biogas in the process as a by-product. This process is less energy consuming
and reduces the energy consumption of a paper mill by half and the biogas
substitutes about 15% of the mill’s fuel requirements.
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Table 3.2: Air pollutant types and sources from pulp and paper mills
(United States Environmental, 2002)

Source Major Pollutants

Chemical Pulping Process VOC’s (terpenes, alcohols, phenols, methanol,
acetone, chloroform, methylethylketone
(MEK)

Reduced sulfur compounds (TRS)

Bleaching VOC’s (acetone, methylene chloride,
chloroform, MEK, chloromethane,
trichloroethane)

Wastewater Treatment Plant VOC’s (terpenes, alcohols, phenols, methanol,
acetone, chloroform, MEK)

Power Boiler SO
2
, NOx, fly ash, coarse particulates

Evaporator Evaporator noncondensibles (TRS, volatile
organic compounds: alcohols, terpenes,
phenols)

Recovery Furnace Fine particulates, TRS, SO
2
, NOx

Calcining (Lime Kiln) Fine and coarse particulates

Environmental problems regarding the pulp and paper industry are not limited
to high water consumption. Solid wastes including sludge generated from
wastewater treatment plants and air emissions cause further problems, thus an
effective disposal and treatment is essential.Asbestos has the potential to induce
lung tumor and mesotheliomas. Pathological asbestos is associated with a
significant increase in lung cancer risk. Silica has been long known to cause
progressive granulomatous and fibrotic disease in the lung in human and its
affects DNA. Silica can cause chromosomal aberrations and transformation in
mammalian cells.

Management of Wastes

Along with tough environmental legislation, paper mills can be encouraged to
turn energy efficient and eco-friendly. Paper is an essential commodity that is
used internationally. The left over waste sludge can be used to make paper
boards for containers. The clean water can then be let off into nearby agricultural
fields. Printed paper industry consumes fuel worth about 5600 million rupees in
a year which forms about 20% of the volume of their output.

Water Conservation Measures

Pulp mill

 Raw material washing should be done with treated effluent.

 Washing efficiency of pulp washers should be improved.

 Paper machine back water should be used in the pulp dilution in the
unbleached tower.

 Backwater should be used in centri cleaning of pulp and vacuum pump
sealing.
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and shower sprays in the preceding stage.

Paper machine

 Efficiency of fiber separation with gravity save-all, krofta or disc filter should
be increased to the best possible extent.

 Clarified back water of the fiber separator equipment should be used in
pulper and head box dilution.

 Clarified back water should also be used in all showers except in felt
cleaning.

 Cooling tower for vacuum pump and winder brake drum water should be
installed and the water should be recycled.

 The condensate recovery in paper machines should be increased and reused
in DM water make up.

 Back water should be utilized for alum/ PAC, filler and other chemical
preparation.

Boiler house

 Treated effluent should be used in ash quenching

 Membrane based process for water softening should be installing in place
of conventional chemical process.

Cleaner Production

Cleaner production means continuous application of an integrated approach to
improve mill operation through adoption of modern technologies, optimized
process operation, resource recovery and maximum output per unit of the raw
material inputs. The Indian paper industry still uses old pulping technologies
and elemental chlorine bleaching resulting in high level of AOX generation.
Cleaner technologies for pulping of raw materials are continuous pulping, RDH
pulping, oxygen delignification and for pulp bleaching are elemental chlorine
free bleaching (EFC), chlorine dioxide bleaching, oxygen /peroxide bleaching.

Elements of Cleaner Production

There are few approaches to achieve cleaner production, which are known as
CP technologies.

Source Reduction: It includes the change in existing practices or introducing
new techniques in operating and maintaining equipments. The prevention of
spills and leakages are typical housekeeping measures.

Process change: It includes four options viz: change in input material, better
process control, equipment modifications, and change in technology.

Recycling: This covers on site recovery and reuse of materials and energy which
otherwise was a waste. Recovered material is better used in same process or for
other purposes.

Product Modification: Produce high yield varieties of paper in order to minimize
the environmental impact from the disposal of the product.
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Although solid waste generation during various stages of pulp and paper
manufacture are unavoidable however, some of solid wastes like chipper house
dust, screen and centric leaner rejects, loss of pulp due to overflow, leakages,
wastage of paper can be reduced substantially by in-plant control measures. By
proper designing of municipal waste collection system paper and board can be
collected effectively and recycling of paper can be enhanced which will result
in conservation of the forest raw material.

Check Your Progress 2

Note: a) Write your answer in about 50 words.

b) Check your progress with possible answers given at the end of the
unit.

1) Describe the different types of wastes generated in the paper and pulp
industry?

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

......................................................................................................................

3.2.5 Computer/Software Industry

Electronic waste, or e-waste, is a term for electronic products that have become
unwanted, non-working or obsolete, and have essentially reached the end of
their usefullife. Because technology advances at such ahigh rate,many electronic
devices become “trash” after a few shortyears of use. E-waste typically includes
discarded computer monitors, motherboards, CathodeRay Tubes (CRT), Printed
Circuit Board (PCB), mobile phones and chargers, compact discs, headphones,
white goods such as Liquid Crystal Displays (LCD), airconditioners, refrigerators
and so on.

Global Scenario

Every year globally we generate 20-50 million tonnes of e-waste and according
to USEPA less than 20% of that gets recycled.Around 70% of the toxic materials
found in our landfill are comprised of e-waste. Some toxic materials in e-waste
include a Ni-Cd battery that is a heavy metal. The global volume of e-waste
generated is expected to reach 52.2 million tonnes or 6.8 kg/ inhabitant by 2021
from 44.7 million tonnes in 2016 at a compound annual growth rate of 20 per
cent, according to a joint study on ‘Electricals & Electronics Manufacturing in
India,’ conducted by the ASSOCHAM-NEC.

Indian Scenario

Outof millions of tonnes of e-waste generated in India, only 10% waste is handled
formally.There is no propere-waste managementwhich effects the environment
and the health of the waste pickers. The prominent example is that of Seelampur
in East Delhiwhich is a recycling zone. Computers, printers, phones everywhere
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parts. It is an illegal practice that sustains hundreds of shops. If they get the right
components, they repair these machines and sell them. They give them a second
life. Here nothing is lost. Things are either repaired and transformed into
something elseplastic, iron, aluminium, copper; all electric material components
have value. Gold is the most precious metal found in the chip of printed circuit
boards. To extract it, the cards are dipped in acid. It is dangerous and the workers
have no protection. What is not reusable is burnt. The toxic fumes of mercury,
lead, cadmium, chromium and plastics that are released pollute the environment
and put the health of workers in danger. Workers include children who search
the landfill. They collect all the junk which has copper in it to get good value.

India processes more than a million tonnes of e-waste in a year as a market for
electronic goods rose. The country is the second largest smart phone market in
the world after China. Nehru Place in South Delhi is the electronic centre of the
capital. Some NGO’s collect electronic equipment such as Chintan is involved
in the recycling of e-waste. Today on one hand we are growing as biggest
consumer country of electronics and at the same time we are generating vast
amount of e-waste. Despite the government’s emphasis on Swachh Bharat
Abhiyaan and Smart Cities project, India continues to be among the top five
countries generating e-waste, according to an ASSOCHAM-NEC recent study.
In India, Maharashtra contributes the largest e-waste of 19.8 percent, but recycles
only about 47,810 TPA (tonnes per annum) whereas as its counterparts Tamil
Nadu (13 percent) recycles about 52,427, Uttar Pradesh (10.1 percent) recycles
about 86,130, West Bengal (9.8 percent), Delhi (9.5 percent), Karnataka (8.9
percent), Gujarat (8.8 percent) and Madhya Pradesh (7.6 percent), noted the
joint study. E-waste generated in India is about 2 million TPA, the quantity that
is recycled is about 438,085 TPA.

Why Recycle E-waste?

Financial benefits from recycling E-waste

Recycling E-waste can benefit companies financially. Companies could
participate in commercial “take-back” programs offered by businesses that
recycle broken or damaged electronic goods at no cost to the companies.
Companies can also earn tax deductions by donating gently used electronic goods
to registered not-for-profit organizations. Companies could benefit from increased
customer loyalty if they gain a reputation for recycling E-waste. Companies
that recycle E-waste appropriately and communicate their progress to customers
in Corporate Social Responsibility reports demonstrate their commitment to
protecting human and environmental health, which could result in an increase
in business.

Occupational and environmental hazards of e-waste

Health risks of dioxins and furans exposure

Plastics made from polyvinyl chloride (26% of the plastic found in e waste by
volume). Once processed through uncontrolled open burning, it can generate
polychlorinated dibenzo p dioxins (PCDDs) and polychlorinated dibenzofurans
(PCDFs) which are persistent organic pollutants. This dioxins and furans can
enter thebody via inhalation, ingestion and skin absorption. Exposure to PCDD/
PCDFs at high levels can lead to chloracne (severe skin disease), darkening of
the skin, and altered liver function. Long term exposure can lead to damage of
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the immune, nervous and endocrine systems and impaired reproductive function
(SCOPE, 2002; Huo et al. 2007).

Health risks of lead exposure

Lead is one of the mostcommonly used heavy metals it is used in both computer
and television screens, and in the solder used to anchor various circuit board
components. Short term exposure to high levels of lead can cause vomiting,
diarrhoea, convulsions, coma or even death. The main areas of the body affected
by lead are the brain, kidney, and nervous system (Wong et al. 2007). Once
exposed to lead, it can remain in your body for years in bone or circulating
through the blood stream (Huo et al 2007). Children are particularly susceptible
to lead at even lower levels of exposure, due to increased absorption. The harms
noted in children include impacts on intellectual development, behavior, size,
and hearing. During pregnancy, lead can also cross the placenta and affects the
unborn child. Studies have shown that the female worker in informal sectors,
who are exposed to high levels of lead have more miscarriages and stillbirths
(Wong et al. 2007; Huo et al. 2007).

Health risks of beryllium exposure

Beryllium is sometimes used in circuit boards as an electrical connector and/or
to insulate microprocessors (Puckett et al. 2002). When improperly handled
during disposal or recycling, beryllium dust can be released, which is known to
cause severe lung disease and lung cancer (Wath et al. 2011; MoEF, 2008).

Health risks of cadmium exposure

Cadmium can befound in plastics, cadmium plated steel, solders, and TV picture
tubes (Johri 2008; Khetriwal et al. 2005; Joseph 2007). Cadmium toxicity can
lead to kidney, bone, and pulmonary damage. There are three modes of exposure:
Dermal, pulmonary (lungs), and gastrointestinal (mouth).

Health risks of mercury exposure

An estimated 22% of the mercury used worldwide each year goes into electrical
and electronic equipment including batteries, flat panel display screens, and
switches (Rani et al. 2012). Even very small levels of mercury exposure are
known to cause damage to the brain, spinal cord, kidneys, liver and even for a
developing foetus.

Health risks of flame retardants exposure

Polybrominated diphenyl ethers (PBDEs) are synthetic chemical compounds
that are used as flame retardants (chemicals that are added to polymers to prevent
fires) in electrical and electronic equipment which are present in high tech
electronics such as TVs, computers or cell phones. Exposure to PBDEs has
proven increased cancer incidence and altered thyroid function.

The above occupational health hazards related to informal recycling of e waste
is just a mock up. The actual impacts are just beyond the mind’s eye. Thus,
improper handling of e waste may pose a serious hazard either by accidental
release or spillage of toxic chemicals and release of obnoxious gases. Problem
of increasing proportions are faced especially when crude methods are adopted
for recovery of useful components from e waste. In spite of continuous insist on
the various health hazards related to informal recycling the manual disassembly
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2007; Wath et al. 2011; MoEF, 2008). These primitive practices not only create
an enormous amount of health threats and environmental degradation, but also
disseminate genotoxic agents that threaten the health of current and future
generations living in the local environment.

Occupational Hazards

Exposure routes can vary dependent on the substance and recycling process
(Robinson 2009). In general, exposure to the hazardous components of e-waste
is most likely to arise through inhalation, ingestion, and dermal contact. In
addition to direct occupational (formal or informal) exposure, people can come
into contact with e-waste materials, and associated pollutants, through contact
with contaminated soil, dust, air, water, and through food sources, including
meat. Children, foetuses, pregnant women, elderly people, people with
disabilities, workers in the informale-waste recycling sector, and other vulnerable
populations face additional exposure risks. Children are a particularly sensitive
group because of additional routes of exposure (e.g., breastfeedingand placental
exposures), high-risk behaviours (e.g., hand-to-mouth activities in early years
and high risk-taking behaviours in adolescence), and their changing physiology
(e.g., high intakes of air, water, and food, and low rates of toxin elimination).
The children of e-waste recycling workers also face take-home contamination
from their parents’ clothes and skin and direct high-level exposure if recycling
is taking place in their homes (Ramesh et al. 2007).

Items classified as E-waste may contain hazardous metals and chemicals, so
companies should refrain from disposing of the items in landfills and incinerators.
Recent data shows that over 80% of discarded electronics are placed in landfills

Toxic Substance Human Health Impact

Beryllium (Used in springs, relay
connections, computer
motherboards)

Increased risk of developing lung
cancer

Brominated flame retardants (Used
in circuit boards and plastic
casings)

Can impact brain function, cause
thyroid problems

Cadmium (Used in laptop batteries,
wire insulation, coating for CRT’s,
semiconductors, as a plastic
stabilizer)

Can lead to kidney damage,
development of lung cancer and/or
respiratory illnesses

Lead (Used in electrical solder on
circuit boards, cathode ray tube
(CRTs), stabilizers in PVC
formulations)

Can impact brain development in
children, cause kidney damage,
respiratory illnesses

Mercury (Used in lights to
illuminate flat screen displays,
computer batteries)

Can impact brain development in
children, harm central nervous system
cause kidney damage

PVC (Used to insulate wires and
cables)

Incineration can cause lung disorders

Table 3.3: Toxic substances found in E-waste and their impacts on human
health
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or incinerators. Many electronic goods contain toxins including lead, cadmium,
and mercury that leach into our soil, atmosphere, and groundwater. High and
prolonged exposure to these chemicals/ pollutants emitted duringunsafe e-waste
recycling leads to damage of nervous systems, blood systems, kidneys and brain
development, respiratory disorders, skin disorders, bronchitis, lung cancer, heart,
liver, and spleen damage.

The substances within the above mentioned components, which cause most
concern are the heavy metals such as lead, mercury, cadmium and chromium
(VI), halogenated substances (e.g. CFCs), polychlorinated biphenyls, plastics
and circuit boards that contain brominated flame retardants (BFRs). BFR can
give rise to dioxins and furans during incineration. Other materials and substances
that can be present are arsenic, asbestos, nickel and copper. These substances
may act as a catalyst to increase the formation of dioxins during incineration.

E-waste is a major factor which directly influences and increase air pollution,
water pollution, land pollution, and life threat for wildlife. Disposal of these e-
wastes without appropriate measures can cause environmental pollution. Lack
of awareness or lack of cautionary information for handling or reusing of these
expiry products can leave people exposed to health hazards. E-waste is
threatening the soil contents and causing land less productive to produce crops.
Problems begin if this e-waste dumped in landfill sites or if they are dumped
illegally (Azad et al. 2012). Either the law is not in place or not enforced to take
proper disposal measures as well as the lack of system or institutions to monitor
the dumping of electronic goods. If the substances dumped are seeping into the
soil, the aquifer of water can be contaminated with lethal chemicals.

Management of Wastes

New technologies influence the way we live, work, and interact with each other.
Over thepast fewdecades, rapid technological advancement has notonly evolved
our communication abilities and increased our rate of productivity, but it has
also resulted in a vast increase in electronic goods discarded into our waste
stream. It is becoming important forconsumers and companies to properly recycle
electronic wasteand help prevent environmental impacts, promotepositive social
stewardship and take advantage of financial benefits associated with recycling
these materials. As for implementing various steps that will help in managing e-
waste it may be noted that the age and value of an organization’s IT assets
combined with its own disposal preferences will determine the range of disposal
options open to it. For instance, instead of piling them up as e-waste, IT assets
such as PCs, servers and laptops can be:

 Refurbished for reuse internally or via collection channels

 Refurbished for resale or charitable donations

 Dismantled to reclaim parts or components

If an organization opts for recycling, then the major components of e-waste
management will be e-waste collection, sorting and transportation. E-waste
recycling involves dismantling, recovery of valuable resources, sale of dismantled
parts, and export of processed waste for precious metal recovery. To ensure e-
waste collection, a company could even set up its own collection-and-disposal
system to return their e-waste safely to the manufacturers. It may also opt for a
voluntary system with manufacturers to care for a product beyond its useful life.
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and socially responsible e-waste recycling viable. Some recycling plants plan to
have their own fleet of vehicles for collection from the generators of e-waste.
They also plan to forge tie-ups with logistic companies for collection across
India, as a large part of the e-waste management business involves collection of
e-waste from multiple locations. This step will be very helpful, especially in
cases where a company cannot send e-waste back to the manufacturers for
recycling.

Anotherstep could be that an organization manages its own e-waste. For instance,
if a company already has an e-waste management process in place, it will be
ideal for its representatives to visit other facilities to see how effective the e-
waste disposal is and model theirs accordingly. Effective e-waste disposal is all
about ensuring automation of the entire process. It’s critical to use a dry disposal
technique which does not involve any incineration.

Apart from involving themanagements of companies, creating awareness among
employees will also go a long way in managing e-waste. Companies could make
internal users (employees) aware of the responsibility of e-waste management
in the following ways:

 Creation of awareness programs

 Shop green practices

 IT managers should be proactive in reducing the environmental impact of
their department

 Ask manufacturers about the environmental efficiency of their products

 Look for RoHS-compliant (Restriction of Hazardous Substances-compliant)
labeling on electronics equipment

 Get details about how obsolete products are dealt with

 Talk to e-recyclers

Awarding incentives is another key step to ensure proper e-waste management.
In order to encourage correct e-waste disposal, many companies like ours plan
to give incentives to their customers for an electronic product return, through a
“repair, refurbish approach.” Incentives are also offered to partners of e-waste
generators through the “reuse” as well as “recovery” approaches. These would
vary depending on the organization being dealt with.

There is a need to take steps for the scientific disposal of e-waste so that the
same e-waste can be reduced, reused and recycled. To help us realize this we
have 150 e-waste authorized recyclers functional in India the details of which
are available at the nearest Common Service Centres (CSC). In this manner, the
wealth can be generated from this waste without any harm to humans or
environment. Given the proper awareness, it will also create employment for
thousands of people and will create a clean and healthy environment.

3.2.6 Petroleum Industry

The most dynamic industry of the century is the petroleum and petrochemicals
industry. It has taken the fundamental knowledge of chemistry and chemical
engineering and transformed itself from a simple processing industry for fuel



64

Industrial Pollution:
Automobile, Paint,
Pharmaceutical, Personal
Care Products, Construction
and other Industries

and lubricants to an extremely complex chemical process industry which has
branched out into synthetic rubber, plastics, fertilizers and many other fields.
Petroleum (crude oil) is a mixture of different hydrocarbons. Many useful
products can be made from these hydrocarbons. The fractions are separated
from one another using a process called fractional distillation.

A major challenge throughout the Oil & Gas sector is that many waste streams
can become contaminated by oily or hazardous fluids, and radioactivity requiring
careful handling, treatment and disposal. Generated wastes at terminals may
include tank bottom sludge; this must be periodically removed to maintain product
quality or tank storage capacity; as well as spill cleanup materials and soils
contaminated with oil.

Typically, sludge is composed of water, residual product, and various solids
including sand, scale, and rust. Tank sludge and spill cleanup materials should
be dealt via reprocessing for product recovery or as a waste at a licensed facility
handling this kind of material in an environmentally sound manner. Dealing
with municipal solid-like waste, and commercial and industrial waste in a
sustainable way presents significant difficulties especially in the confined
working environments offshore.

Type of generated wastewater:

Storm and Process Wastewater Treatment

1) Storm-water

Contaminated storm water quality and volumes may depend on site-specific
considerations including overall housekeepingand spillprevention practices,
rainfall, and total runoff area. Naturalgas processing facilities should provide
secondary containment where liquids are handled, segregate contaminated
and non-contaminated storm water, implement spill control plans, and route
storm water from process areas into the wastewater treatment unit.

2) Tank Bottom Water

Water that separates and settles to the tank bottom should be periodically
drained from the bottom of the tank, resulting in a liquid effluent of oily
water. Rainwater infiltration, condensation of moisture from tank vapor
space, and water present in the product itself prior to delivery may all
contribute to the presence of water inside product storage tanks.

3) Industrial Process

Wastewater Process wastewater may contain dissolved hydrocarbons,
oxygenated compounds, and other contaminants which should be treated
onsite wastewater treatment unit.

4) Process wastewaters include:

Chemical Wastewater: Chemical drain system collects wastewaters that
require neutralization before discharge via return header ofseawater cooling.
The pH of the effluent must be adjusted between 6 - 9 in the neutralization
sump by batch addition of 30 % HCl or 50 % NaOH.

Oily Wastewater: Oily wastewater must be directed to a retention pond
and air floatation package which is used to reduce oil content below 15 mg/
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wastewater treatment facilities.

Sour Wastewater: Sour water from the AGR unit periodically requires
disposal with small quantities of sour condensate from LP sour gas flare
drum. These wastewaters are treated by stripping off gas from the nitrogen
rejection unit before discharge to the oil contaminated drain.

5) Cooling water: Cooling water may require high rates of water consumption,
as well as the potential release of high temperaturewater, residues of biocides
and other cooling system antifouling agents.

6) Hydrostatic testing water: Hydrostatic testing of equipment and pipelines
involves pressure testing with generally filtered raw water to verify their
integrity and possible leaks detection. Chemical additives may be added. A
hydrotest water disposal plan should be prepared considering location and
rate ofdischarge, chemicaluse, dispersion,environmental risk, and required
monitoring if the only feasible alternative for disposal of hydro-test waters
into the sea or to surface water. Hydro-test water disposal into shallow
coastal waters should be avoided.

7) Sanitary wastewater: The sanitary drain system receives wastewater from
all process, utility, offsite, and off plot areas including services expansion
facilities. The wastewater should undergo biological treatment units based
on extended aeration and activated sludgeand should be channelled to MBR
tertiary treatment package for further polishing. The use of detergents,
surfactants, and dispersants shall be minimized except as necessary to
maintain a safe workplace.

8) Ballast water: Gas processing that has a port/terminal shall ensure that
ships with segregated ballasts are used for all products transport. Facilities
that will carry out the ballast water sampling and analysis should coordinate
with Port Authorities. Ballast water shall be tested for the physico-chemical
standards prior to discharge.

Hazardous & Non-hazardous Waste

1) Non-hazardous Waste: Non-hazardous industrial wastes consist mainly
ofexhausted molecularsieves from the airseparation unit as wellas domestic
wastes. Other non-hazardous wastes may include office and packaging
wastes, construction rubble, and scrap metal.

2) Hazardous Waste: In GTL facilities, hazardous wastes may include bio-
sludge; used containers and oily rags; spent catalysts; spent oil, solvents,
and filters (e.g., activated carbon filters and oily sludge from oil water
separators); mineral spirits; used sweetening; spent amines for CO

2
removal;

and laboratory wastes.

Hazardous waste

Spent catalysts: Spent catalysts from GTL production are generated from
scheduled replacements in natural gas desulphurization reactors, reforming
reactors and furnaces, reactors for mild hydro-cracking, and Fischer Tropsch
synthesis reactors. Spent catalysts may contain iron, zinc, nickel, platinum,
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palladium, cobalt, and copper; depending on the particular process.

Heavy Ends

 Heavy ends or distillation residues from the production of carbon
tetrachloride.

 Heavy ends from the purification column in the production of
epichlorohydrin

 Heavy ends from the fractionation column in ethyl chloride production

 Heavy ends from the distillation of ethylenedichloride in ethylene dichloride
production

 Heavy ends from the distillation of vinyl chloride in vinylchloride monomer

Occupational and Environmental Health Hazards

Occupational Health Hazards are broadly divided into Physical, Chemical,
Biological, Behavioural, Psychosocial, and Mechanical/Ergonomics.

Physical Hazards

Physical hazards are often said to be less important than chemical hazards but
this is not so. They can and do cause several health problems, injuries or even
death. The nature of physical agents is wide and should not be underrated but
the main ones capable of causing occupational disorders and injuries are:

 Noise

 Illumination

 Vibration

 Radiation (ionizing and non-ionizing)

 Microclimatic conditions in the case of extreme heat and cold.

Mechanical and Ergonomics Hazards

Unshielded machinery, unsafe structures in the workplace and dangerous tools
are some of the most prevalent workplace hazards in developed and developing
countries. In Europe, about 10 million occupational accidents happen every year
(some of them commuting accidents). Adoption of safer working practices,
improvement of safety systems and changes in behavioural and management
practices could reduce accident rates, even in high-risk industries, by 50% or
more within a relatively short time.

Approximately 30% of the workforce in developed countries and between 50%
and 70% in developing countries may be exposed to a heavy physical workload
or ergonomically poor working conditions, involving much lifting and moving
of heavy items, or repetitive manual tasks. Workers most heavily exposed to
heavy physical workloads include miners, farmers, lumberjacks, fishermen,
construction workers, storage workers and healthcare personnel. Repetitive tasks
and static muscular load are also common among many industrial and service
occupations and can lead to injuries and musculoskeletal disorders. In many
developed countries such disorders are the main cause of both short-term and
permanent work disability and lead to economic losses amounting to as much as
5% of GNP.
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Exposure to some200 biological agents, viruses, bacteria, parasites, fungi, moulds
and organic dusts occurs in selected occupational environments. The hepatitis
B and hepatitis C viruses and tuberculosis infections (particularly among
healthcare workers), asthma(among persons exposed to organic dust)and chronic
parasitic diseases (particularly among agricultural and forestry workers) are the
most common occupationaldiseases resultingfrom such exposures. Blood-borne
diseases such as HIV/AIDS and hepatitis B are now major occupational hazards
for healthcare workers. This can be classified into:

 Human tissue and body fluids

 Microbial pathogens (in laboratory settings)

 Genetically modified organisms

 Animals and animal products

 Organic dusts and mists

Chemical Hazards

About 100 000 different chemical products are in use in modern work
environments and the number is growing. High exposures to chemical hazards
are most prevalent in industries that process chemicals and metals, in the
manufacture ofcertain consumer goods, in the production of textiles and artificial
fibres, and in the construction industry. Chemical hazards could be classified
into:

 Particles, fibers, fumes and mist: Carbon Black, Welding Fume, Oil Mist

 Metals and metalloids: Arsenic, Cadmium, Chromium, Mercury, Zinc

 Organic, solvents and compounds: Acetone, hydrocarbons, Benzene

 Inorganic gases: Carbon monoxide, Hydrogen sulphide, Sulphur dioxide

Chemicals are also increasingly used in virtually all types of work, including
non-industrial activities such as hospital and office work, cleaning, and provision
of cosmetic and beauty services. Exposure varies widely. Health effects include
metal poisoning, damage to the central nervous system and liver (caused by
exposure to solvents), pesticide poisoning, dermal and respiratory allergies,
dermatoses, cancers and reproductive disorders. In some developing countries,
more than half of the workers exposed to dust-containing silica in certain high-
risk industries (such as mining and metallurgy) are reported to show clinical
signs of silicosis or other types of pneumoconiosis.

Psychosocial Hazards

Psychosocial hazards comprises of the psychological and social hazards.
Psychological hazards are caused when time and a work pressure has become
more prevalent during the past decade. Monotonous work, work that requires
constant concentration, irregular working hours, shift-work, and work carried
out at risk of violence (for example, police or prison work), isolated work or
excessive responsibility for human or economic concerns, can also have adverse
psychological effects. Psychological stress and overload have been associated
with sleep disturbances, burn-out syndromes and depression. Epidemiological
evidence exists of an elevated risk of cardiovascular disorders, particularly
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coronary heart disease and hypertension in association with work stress. Severe
psychological conditions (psychotraumas) have been observed among workers
involved in serious catastrophes or major accidents during which human lives
have been threatened or lost.

Organizational Psychosocial factors include but not limited to the following:

 Violence and aggression

 Lone working

 Shift and night work

 Long working hours

 Time zone changes

Exposure to the estimated 3000 allergenic agents in the environment is mainly
occupational. In the work environment, such hazardous agents enter the body
via the respiratory tract or the skin. Allergic skin diseases are some of the most
prevalent occupational diseases.

Effects on health and environment

Oil spillage and gas flaring remain major environmental challenges in the
petroleum industry. Exploration and production of petroleum have caused local
detrimental impacts to soils, surface and ground waters, and ecosystems in most
part of theworld. Impacts and ground-surface disturbances, in the order of several
acres per well, can also arise from related activities such as site clearance,
construction of roads, tank batteries, brine pits and pipelines, and other land
modifications necessary for the drilling of exploration and production wells and
construction of production facilities. Most of these chemicals when released
can exhibit unfavourable effects on our environment such as air, water and soil
pollution.

Thearomatic compounds present in petrochemicals are important environmental
pollutants which may be introduced into the environment through natural oil
seeps, industry waste products and emissions, oil storage wastes,accidental spills
from oil tankers, coal tar processing wastes, petrochemical industrial effluents
and emissions etc. Petrochemical industry is an important source for the principal
greenhouse gases responsible for global warming. Other environmental impacts
include ozone layer depletion, acid rain, air pollution etc. In the petrochemical
industry, potentially harmful substances release dare noxious, foul odour, or
combustible (Lee 1999; Schlumberger 2010 b).

Contamination of soils may take place from residuals of refining processes
including somehazardous wastes, catalysts or coke dust, tank bottoms, and sludge
from the treatment processes. The petrochemical industry can cause loss of
biodiversity and destruction of ecosystems. Effluents coming out of
petrochemical industries contain a large amount of polycyclic and aromatic
hydrocarbons, phenols, metal derivatives, surface-active substances, sulphides,
naphthylenic acids and other chemicals. Due to the inefficient purification
systems, toxic products present in effluents accumulate in the water bodies
resulting in water pollution which is fatal to both aquatic and human life.

Exposure to petrochemicals may take place in different ways; they may be
absorbed through the skin or might be ingested. They can also affect human life
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defects,cancer, asthma and hormonaldisorders. Skin irritation, ulcers and allergic
dermatitis are chronic effects of exposure. In areas nearby petrochemical
industries, elevated sound levels induce noise pollution associated with feelings
of headache, annoyance, uneasiness, stress, impatience, displeasure,
hypersensitivity, extreme anxiety, anger, endangerment and violence.

Management

Waste Management may consider practical measures, i.e., reduction of source,
recycle and reuse, recovery, and final disposal of remaining waste. These
measures are as follows:

 Loading / unloading activities should be conducted by properly trained
personnel according to pre-established formal procedures to prevent
accidental releases and fire /explosion hazards.

 Facilities should develop a spill prevention and control plan supported by
the necessary training and resources.

 Above Ground Storage Tanks (ASTs) should be protected from potential
collisions by vehicles, vandalism, located in a securearea, and other hazards.

Current Management Practices

The major methods for waste management in oil & gas sector include:

 Surface impoundment;

 Land application and landfilling;

 Water source reduction and recycling;

 Underground injection; and

 Discharge to surface

Surface Impoundments

According to EPA(1984), more than 125,000 oil and gas surface impoundments
existed in 1984. Based on EPA data from 1980s (GWA, 2005), only 2.4 % of the
surface impoundments used for oil and gas wastes had synthetic liners, whereas
another 27 % had a natural liner of unknown composition quality. Reserve pits
are used to temporarily store drilling fluids for use in drilling operations or
waste disposal. Of all materials discharged to reserve pits, an estimated 90% are
drilling fluids (mostly in the form of drilling muds and completion fluids) and
cuttings. Adding solidifiers for solidification of pit contents is one potential
alternative (e.g., commercial cement, fly ash, or lime kiln dust) to help immobilize
pollutants and minimize leaching of toxic constituents. One problem in
solidification is after removal of the free liquid fraction of pit wastes, the
remaining pit contents still contains about 30 percent water. In addition, the use
of cement kiln dust, and possibly other solidifiers, increases the volume of solid
waste to be managed (Karami et. al., 2013).

Land filling and Land Application

The petroleum products from the soil during land farming are largely removed
through biodegradation, volatilization and adsorption (Hejaziet al. 2003). Lighter
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petroleum products like gasoline may be removed by volatilization during land
farm aeration process and to a lesser extent, degraded by microbial respiration
(EPA, 1994). The mid-range petroleum products like diesel fuel and kerosene
contain lower percentage of lighter constituents than gasoline. Bio-degradation
is more significant than volatilization for thesepetroleum products. The dominant
mechanisms that break down heavier or non-volatile petroleum products like
heating oil and lubricating oils are biodegradation. Adsorption also plays an
important role in the dissipation of petroleum products from the soil.

The efficiency of removing petroleum compounds from the soil can be impacted
by the soil moisture. Adsorbents like clay and organic matter, which are site-
specific can decrease the bioavailability of toxic compounds and therefore result
in a lower risk for higher organisms and lower biodegradation efficiency as
contaminants are tightly bound to the soil matrix.

Deep-Well injection

Injection wells used for disposal are often older wells that require more
maintenance (EPAregulations requireperiodic testing of themechanical integrity
of the injection wells). For final disposal purposes, about 90 % of produced
waters from onshore oil and gas operations are disposed of in more than 166,000
underground injection wells (Karami et. al., 2013). Produced waters are injected
(via gravity flow or pumps) into saltwater formations, the original formation, or
older (depleted) formations when used for disposal.

Class II injection well is equipped with constant pressure monitoring, corrosion
inhibitors, leak detection, and automatic shut off. In addition, pumps can be
built with features that minimize releases, and tanks can be used as an alternative
to liners. These practices generally afford more protection than systems that
allow disposal of tank bottoms, produced waters, and other wastes in unlined
pits or on the ground (Walker et al 2007).

Discharges to Surface Waters

Discharges to surface waters are permitted under the environmental limit:

1) Into coastal or tidally influenced waters;

2) For produced waters from stripper oil wells to surface streams; and

3) For agricultural and wildlife beneficial use.

Treatment often occurs before discharge to control pH and to minimize oil and
grease, total dissolved solids, sulfates, and other pollutants.

Techniques for treating industrial process

Typical wastewater treatment steps include:

 Grease traps,

 Skimmers,

 Dissolved air floatation, or

 Oil / water separators

These include treatments for separation of oils and floatable solids; flow and
load equalization; filtration for separation of filterable solids; sedimentation for
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treatment, for reduction of soluble organic matter (BOD); chlorination of effluent
when disinfection is required; chemical or biological nutrient removal for
reduction in nitrogen and phosphorus; and dewatering and disposal of residuals
in designated hazardous waste landfills.

3.3 LET US SUM UP

This unit discusses n detail the different wastes generated by the Construction
industry, Iron and steel industry, Sugar/distilleries industry, Paper and pulp
industry, Computer/software industry and Petroleum industry. You have also
learnt about the occupational and environmental hazards in these industries.
The unit clearly explains how these industrial wastes are toxic to human health.
Finally the management and some treatment methods for the wastes in the
industries have been described.
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3.5 ANSWERS TO CHECK YOUR PROGRESS

Answers to Check Your Progress 1

Your answer should include the following points:

 Time wastes

 Material wastes

 Construction & Demolition Waste in India:

 Major components

 Minor components

Answers to Check Your Progress 2

Your answer should include the following points:

 Water effluents

 Gases

 Particulates

 Solid wastes




