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ABSTRACT
The management of hazardous wastse is a major issue of concern in India. Industrial

processes/operations are the largest contributor of hazardous waste in India. With intense
growth of industrialization, rapid urbanization around 4.4 million tones of hazardous waste
being generated in India every year. 

The concern and serious need to regulate and manage hazardous waste was not
realized until after the Bhopal Gas tragedy of 1984.  This accident focused government
attention on hazardous waste management, and subsequently in 1989, the Ministry of
Environment and Forests (MOEF) of the Government of India (GOI) promulgated “Hazardous
Waste Management and Handling Rules”.  These rules set the framework for the proper
handling, storage, transportation and treatment of hazardous waste in accordance with the
Environment Protection Act of 1986 and was further amended by GOI in the year 2000 &
2003, and suggested modifications in Schedule-1 with list of processes generating hazardous
wastes and Schedule-2 with list of waste substances with concentration limits. Categories
of wastes banned for export and import have been defined in Schedule-8 whereas the
procedure for registration of the recyclers /reprocessors with environmentally sound
facilities for processing waste categories such as used lead acid batteries, non-ferrous
metal and used oil are given in schedule-4 and schedule-5 respectively .Further, separate
Rules have also been notified in continuation of the above Rules for bio-medical wastes as
well as for used lead acid batteries.

A number of options are available for the treatment of a variety of hazardous
waste. Waste may be made less hazardous by physical, chemical, or biological treatment
techniques. Treatment of hazardous waste may be costly, but it can serve to prepare the
material for recycling or for ultimate disposal in a manner safer than disposal without
treatment.
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INTRODUCTION
Hazardous wastes means wastes other

than radioactive wastes which by reason of
their chemical reactivity or toxicity, explosive
or corrosive or other characteristics causing
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danger or likely to cause danger to health or
the environment, whether alone or when coming
into contact with other wastes, are legally
defined as hazardous waste in the state in
which they are generated or in which they are
disposed of or through which they are
transported.1

      The management of hazardous waste is a
major issue of concern in India. Industrial
processes/operations are the largest contributor
of hazardous waste in India. With intense
growth of industrialization, rapid urbanizatio

being generated in India every year.
Indian Scenario of Hazardous wastte
Management

The HW generation in Indian States
is given in Table-1 The data shows
tha t   t he HW gener a t ion  is  max imum
in Maharashtra (45.47%) followed by Gujarat (9.73%).
Minimum HW is reported in Chandigarh
(0.0069%). The number of industries that
generate HW are maximum in Maharashtra
(30.38%) followed by Gujarat (22.93%). The
data  shows that, 13011 industries are
generating 4415954 TPA of HW in India.

Table 1 : Hazardous Waste Generation in Indian States

State / Union Code Total Districts in Total units Total HW
Territory
Andhra Pradesh AP 23 22 501 111098
Assam ASS 23 8 18 166008
Bihar BHR 55 12 42 26578
Chandigarh CHN 1 1 47 305
Delhi DEL 9 9 403 1000
Goa GOA 2 2 25 8742
Gujarat GUJ 24 24 2984 430030
Haryana HAR 17 15 309 32559
Himachal Pradesh HP 12 6 116 2159
Karnataka KAR 27 25 454 103243
Kerala KER 14 11 133 154722
Maharashtra MAH 33 33 3953 2007846
Madhya Pradesh MP 61 38 183 198669
Orissa OR 30 17 163 341144
Jammu & Kashmir JK 14 5 57 1221
Pondichery PON 1 1 15 8893
Punjab PUN 17 15 700 22745
Rajasthan RJN 32 26 332 122307
Tamil Nadu TN 29 29 1100 401073
Uttar Pradesh UP 83 65 1036 145786
West Bengal WB 17 9 440 129826
India IND 524 373 13011 4415954

Basic Approach in Management of
Hazardous Waste

In India, the concern and serious need
to regulate and manage hazardous waste was
not realized until after the Bhopal Gas tragedy

of 1984.  This accident focused government
attention on hazardous waste management, and
subsequently in 1989, the Ministry of
Environment and Forests (MOEF) of the
Government of India (GOI) promulgated

around 4.4 million tones of hazardous waste



Journal of Environmental Researh And Development               Vol. 2 No. 1, July-September 2007

36

“Hazardous Waste Management and Handling
Rules”. These rules set the framework for the
proper handling, storage, transportation and
treatment of hazardous waste in accordance
with the Environment Protection Act of 1986
and was further amended by GOI in the year
2000 and 2003, and suggested modifications in
Schedule-1 with list of processes generating
hazardous wastes and Schedule-2 with list of
waste substances with concentration limits.
Categories of wastes banned for export and
import have been defined in Schedule-6
whereas the procedure for registration of the
recyclers /reprocessors with environmentally
sound facilities for processing waste categories
such as used lead acid batteries, non-ferrous
metal and used oil are given in schedule-4 and
schedule-5 respectively .Further, separate
Rules have also been notified in continuation
of the above Rules for bio-medical wastes as
well as for used lead acid batteries.2

However, the selection of a suitable
treatment technology is the key aspect and
depends upon several factors such as type of
waste and waste characteristics,
Identification of Hazardous Waste
Generation:

Identifying the HW generating
industries is the first step. The HWs are
classified in different Schedules as per
“Hazardous Waste Management and
Handling Rules” 1989 subsequently
amended in 2000 &2003.  may be used to
screen the wastes generated and classifying
them as HWs. The data available with the
State Industrial Development Corporation
(IDC), District Industries Centre (DIC), State
Pollution Control Boards etc. may be utilized
to identify the industries with a potential for
HW generation.3

Data Collection :
After identifying the HW generating

sources, the inventory of the data pertaining to
HW generation can be developed by
conducting surveys through specially prepared
questionnaires to each of the identified sources.

This should be followed by field visits for data
verification. It is essential that, the data that is
obtained from the above options is verified from
secondary data (either published data or
available for another industry producing similar
products).
Waste Characterization :

The HW that is generated from the
study region should be characterized. For this
purpose, it is advisable that the samples may
be collected from the waste generation source
and analyzed in the laboratory for physico-
chemical charateristics. Literature data may
be used in the absence of primary data. There
are four main characteristics of hazardous
waste viz. Ignitability, corrosivity, reactivity and
extraction potential toxicity.4

Ignitability
Ignitable wastes are liquids with a

flashpoint below 600C, or solids capable of
causing fire under standard temperature and
pressure.
Corrosivity

Corrosive wastes are aqueous wastes
with a pH below 2 or above 12.5, or which
corrode steel at a rate in excess of 0.25 inches
per year.
Reactivity

Reactive wastes are normally unstable,
react violently with air or water, or form
potentially explosive mixtures with water. This
category also includes wastes that emit toxic
fumes when mixed with water and materials
capable of detonation.
Toxicity

The fourth characteristic is Extraction
Potential (EP) toxicity. The characteristic of
toxicity is more difficult to define. The objective
of this parameter is to determine whether toxic
constituents in a solid waste sample will leach
into ground water if the waste is placed in a
municipal solid waste landfill. If this is the case,
then the waste will be declared hazardous.

The EPA has developed two tests for
determining toxicity. The initial test referred to
as the EP Toxicity Test, required grinding of
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solid waste samples, followes by rotary
extraction in acetic acid for 24 hours. The
material would then be filtered and the filtrate
analysed and compared to published standards
(generally these were one hundred times the

concentration levels acceptable  in  drinking
water for specified metals and organic
compounds). If the concentration in the
exceeded any one of the specified levels, the
original solid waste was considered hazardous.

Table 2 : Regulatory limits of pollutants for EP toxicity
Parameters mg/l
Arsenic 5.0
Barium 100.0
Cadmium 1.0
Chromium 5.0
Lead 5.0
Mercury 0.2
Selenium 1.0
Silver 5.0
Endrin 0.1
Lindane 0.4
Methoxychlor 10.0
Toxaphen 0.5
2,4-D (Di-Chlorophenoxyacetic acid) 10.0
2,4,5,TP (Trichlorophenoxy propionic acid) 1.0

A number of shortcomings with the
EP Toxicity Test led the EPA to develop a
modified test referred to as the Toxicity
Characteristic Leaching Procedure (TCLP)
(1). The latter test was more specific in many
operational parameters, required a zero head-
space extractor so that volatile organics would
not be lost, and had more stringent quality
control measures. Primary extration is a
measure of immediate leachability while
secondary extraction determines long term
leachability of contaminants to the ground
water. If even one compound exceeds the
specified level then the original waste is a
hazardous waste.
Toxicity Characteristics Leaching
Procedure (TCLP)

TCLP test was adopted in 1986 by the
USEPA (Method No.1311) as a replacement
for the EP toxicity. The TCLP is also widely
used to evaluate the effectiveness of
stabilisation. In this test method the stabilised
material is crushed to a particle size smaller

than 9.5 mm and mixed with a weak acetic
acid extraction liquid, in a liquid to solid weight
ratio of 20:1 and agitated in a rotary extractor
for a period of 18 hours at 30 RPM and
220C. The sample is filtered through 0.6 - 0.8
ìm glass fiber filter and the filtrate is defined
as the TCLP extract. This TCLP extract is
analysed for wide variety of hazardous waste
constituents including volatile and semi-volatile
organics, heavy metals, etc. 

Most of the State and Central Pollution
Control Boards in India have adopted the
TCLP test as a regulatory test for identification
and characterisation of hazardous waste.
Quantification of Hazardous Wastes:

The HWs are quantified based on their
individual characteristics. The several options
of ompatibility of wastes with different
characteristics should be studied and
segregated. The quantity of HWs will be
expressed in terms of each category for
disposal (e.g. Recyclable, Incinerable, or
Disposable etc).
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Treatment of Hazardous Waste
Waste may be made less hazardous

by physical, chemical, or biological treatment.
Treatment of hazardous waste may be costly,
but it can serve to prepare the material for
recycling or for ultimate disposal in a manner
safer than disposal without treatment.5

Physical treatment

conducted in order to reduce the volume of
the wastes and facilitate the solid- liquid
separation. Several physical processes including
sedimentation, clarification, centrifugation,
floatation, filtration, evaporation, distillation,
reverses osmosis etc. are used in hazardous
waste management. The various physical
treatment technologies available for different
applications are given in Table 3.

Table 3.  Physical Treatment Technologies

Technology Application Comments
Air Stripping Dilute wastewater or VOC emissions a

ground water problem
Carbon Adsorption Organic contaminated Expensive; require

liquids and vapours. regeneration or
Activated carbon can be disposal. Only suitable
customised to meet for dilute organics and
specific needs performance may be

difficult to predict
Filtration High volume aqueous Pretreatment or multiple

wastes screening may be
required

Centrifuging Sludge dewatering and Uniform feed
volume reduction requirements usually

necessitate pretreatment
Distillation Solvent recovery, Energy intensive; may

glycols, amines and require prefiltration;
waste oils residues usually

hazardous
Evaporation Recovery of inorganic VOC emissions can be a

salts from organic or problem. Energy
inorganic solvents intensive.

Solidification Slurries and sludges but Dewatering may be
not suitable for organics required. Volume
and heavy metals increases. May require

landfill
Encapsulation Mercury bearing wastes, Waste not converted or

asbestos destroyed. May require
special landfill

Chemical Treatment
      Chemical  treatment methods  involve  the
use of reactions to transform hazardous waste
streams into less hazardous substance. The

various chemical treatment technologies
available for different applications are given in
Table 4.

Physical treatment methods are
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Table 4. Chemical Treatment Technologies

Technology Application Comments
Hydrolysis Sludges, slurries and Require high temperatures

liquids contaminated with and pressures; may
organics. Successfully produce toxic by-
used for chemical warfare products.
agents

Neutralisation1 All acids and caustics Simple, and disposal
easy. Not suitable for
sludges and solids.

Oxidation/ Reduction Cyanides, chrome vi, Expensive and requires
arsenic, silver dilute solutions. May

require special equipment
and produce off gases that
need to be controlled.

Precipitation Metal bearing solutions Post- treatment may be
required if toxic.

Fixation / Stabilisation Liquids, slurries and Increases volume. May
sludges particularly those require landfill.
containing heavy metals.
Boiler and incinerator ash
are also prime candidates.

Ion Exchange Wide variety of metals/ Expensive and
salts streams species specific;  require

treatment/ disposal of
residue.

Coal Agglomeration Contaminated soils Pilot scale at this point but
has potential for site
clean-ups especially wood
preservative and heavy
oils.

threat to public health and the environment. In
addition, on a small-scale, entities such as dry
cleaners, automobile repair shops, hospitals,
exterminators, and photo processing centers
also produce hazardous waste. “The toxicity
level of this waste is measured by the use of
toxicity characteristic leaching procedure
(TCLP) that is required by the Environmental
Protection Agency (EPA),”

The need to comply with EPA and other
environmental norms as per GOI “Hazardous
Waste Management and Handling Rules” has
forced industries and small-scale hazardous
waste generators to adopt innovative or

Biological Treatment
Biological or biochemical biodegradation

may be a practical detoxification method for
some hazardous organic wastes. It is the
degradation of organic wastes by the action
of microorganisms. If biological treatment of
a hazardous waste is contemplated, care is
required to ensure that the other components
in the waste neither poison the organisms nor
render the residue unfit for landfill disposal. 

CONCLUSION
Chemical manufacturing industries,

electroplating industries, and oil refineries
generate hazardous waste that pose a severe
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modified technologies to manage their waste.
This need has also been triggered by the fact
that these industies have to adopt safety
procedures in handling, treatment, and disposal
of hazardous waste, in order to reduce the
detrimental effects of these wastes on the
environment.
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