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Abstract

Within the domain of municipal solid wastes, bio-medical wastes acquire a special
dimension, since it is infected and hazardous. Wastes generated at hospitals and health
care facilities are different from general municipal wastes. The municipal wastes by and
large may need only one of these systems for collection, transportation and final disposal.
Against this the bio-medical wastes may need more systems, since it includes body parts,
human and animal tissues, radioactive waste, gauze, cotton, plastics, infected liquid
waste, blood and laboratory wastes. This paper provides comprehensive discussion on
bio-medical wastes and makes some recommendations for their effective management
besides discusses the key strategic actions required for an effective bio-medical waste
management plan preparation.

1. INTRODUCTION
Biomedical waste management has recently emerged as an issue of major
concern not only to hospitals, nursing home authorities but also to the
environmental and law enforcement agencies, media and the general public.
Biomedical waste is forming approximately 1 to 2 percent of the total municipal
solid waste stream. Some of these wastes are potential threat to the human
health and environment. Composition and quantity of biomedical wastes
generated differ not only from country to country but also within the country.
Health care facilities viz. laboratories, clinics, nursing homes, medical, dental,
and veterinary hospitals, generate a waste stream varied in its composition.
Among these facilities the hospitals contribute maximum wastes.

The greatest risk of biomedical waste is from the infectious and sharp
components of the waste because health care workers (HCW) and people
associated with handling waste are often getting needle prick injuries and can
contract HIV or AIDS, Hepatitis B and C. Risks in hospitals or health care settings
are very high.

Because of these concerns about biomedical waste generated at national and
international level, the Union Ministry of Environment and Forest, Government
of India has notified ‘Biomedical Waste (Management and Handling) Rules,
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1998’ under the provision of Environment (Protection) Act, 1986. However, it
has been observed that biomedical waste management is a complex and one
has to go further in the intricacy of management and attitude of the health
workers.

2. NEED FOR BIOMEDICAL WASTE MANAGEMENT

With growing world population today, there is a great need to manage the civic
amenities including solid waste collection and disposal. Within the domain of
municipal solid waste, biomedical waste acquires a special dimension, since it is
infectious and hazardous. It is capable of spreading disease or be harmful to
individuals. The content of infectious waste in the total waste generated in a
hospital may be about 20 percent only, but it has potential to infect whole of
hospital waste if not segregated or transported in a prescribed manner. Waste
generated at hospitals and health care facilities is different from, general
municipal waste. The municipal waste by and large may need only one of these
systems for collection, transportation and final disposal. Against this the
biomedical waste may need more systems, since it includes body parts, human
and animal tissues, radioactive waste, gauze, cotton, plastics, plaster-of-paris
casts, infected liquid waste, blood and laboratory wastes. Medical waste generated
at different health care facilities presents environmental and public health
risks. An inappropriate treatment and disposal can spread infectious diseases
like tuberculosis, hepatitis, enteric fever, HIV infection, or even AIDS.

Bio-medical waste management is one of the major fields of infrastructure
development, which has lacked due attention of policy makers and health
managers, especially in Patna. Some initiatives have been taken in the past,
mostly influenced by the developed countries. Results were not satisfactory as
population density, socio-economic characteristics and climatic conditions vary
significantly. The government policies and priorities are also different. This
approach adopted for bio-medical waste management was not suitable to the
Indian context. Thus, there is a need to have a system or systems, which is
suitable for hospital waste disposal and it necessarily has to be much different
than the system to dispose off municipal wastes.

The present study area is Patna, capital of Bihar, where there is found to be
little awareness about the importance and criticality of proper bio-medical
waste disposal. This paper discusses the key strategic actions required for an
effective bio-medical waste management plan preparation. Any effective bio-
medical waste management plan should give careful attention to waste
generation, segregation, storage and collection, transportation and treatment
and final disposal of bio-medical waste (BMW). This paper pursues the following
objectives:

• To aid Patna city in becoming a front runner in Bio-Medical Waste (BMW)
Management practices in the year 2021.
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• To recommend solutions for a sustainable and effective bio-medical waste
management system in Patna.

To obtain the above objectives, the following research objectives are outlined:

• To assess the current status of solid waste management in Patna in general
and establish the importance of bio-medical waste specifically.

- To identify the existing lacunae and problems

- To study the involvement of NGOs and public private partnership

- To study the environment aspect relating with bio-medical waste

• To determine the bio-medical waste generation both quantitatively and
geographically with projections for 2021.

• To make recommendations for the protection of pubic health and environment
through sustainable biomedical waste management for Patna.

• To make selection of appropriate technology and methods for effective
biomedical waste management in Patna.

• To suggest planning proposals for effective administration operation and
maintenance of bio-medical waste in Patna.

This paper is limited to the solutions which are locally acceptable within the
existing scenario. It may include the following aspects:

• Examining the adequacy of different aspects of the existing system of
biomedical waste management for providing and maintaining high level of
public health and hygiene in the coming years.

• Proposing suitable measures to improve various aspects of the existing
system and extend it to cover the whole study area, i.e. the delineated
Patna Municipal Corporation.

• All projections and future recommendations for BMW are based on a plan
period of about 16 years i.e. for 2021.

The methodology of this research is to first identify the problems in the study
area, Patna city, and analyze them to achieve feasible solutions. Here the
initial step is to study and identify the biomedical waste management principles,
various aspects and issues related to the field. In the light of literature review,
biomedical waste management system is broadly categorized at levels as waste
generation, segregation, storage and collection, transportation, treatment and
final disposal of bio-medical waste.

The detailed study revealed the present status of BMW in the city, and the
major problems associated with it. This is based on data collection from secondary
and primary sources, and detailed sample surveys. Thus, identified issues and
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problems associated with BMW are then put into framework to perform detailed
analysis by studying and using tools and techniques of waste management.

3. BIOMEDICAL WASTE: DEFINITION AND CLASSIFICATION

Biomedical waste means any waste, which is generated during the diagnosis,
treatment or immunization of human beings or animals or in research activities
pertaining thereto or in the production or testing of biological (means any
preparation made from organisms or micro organisms or product of metabolism
and biochemical reactions intended for use in the diagnosis, immunization or
the treatment of human beings or animals or in research activities pertaining
thereto) including categories mentioned in Table 1.

Between 75 percent and 90 percent of the waste produced by health-care
providers is non-risk or general health-care waste, comparable to domestic
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Table 1  Categories of health-care waste

Waste Category Description and examples

Human Anatomical Human tissues, organs and body parts
Waste

Animal Waste Animal tissues, organs, body parts, carcasses, bleeding parts, fluids,
and waste generated by veterinary hospitals, etc.

Microbiology and Waste from laboratory cultures, stocks of specimens of micro-
Biotechnology organism, live or attenuated vaccines, human and animal cell cultures
waste used in research and infectious agents from research and industrial

laboratories, waste from production of biologicals, toxins, dishes and
devices used for transfer of cultures.

Waste Sharps Needles, syringes, scalpels, blades, glass (broken and unbroken), etc.
that may cause punctures and cuts. This includes both used and unused.

Discarded Wastes comprising of outdated, contaminated drugs and discarded
medicines and medicines.
cytotoxic drugs

Soiled Waste Items contaminated with blood, body fluids including cotton, dressing,
soiled plaster casts, linen, beddings, other material contaminated with
blood.

Solid Waste Waste generated from disposable items other than waste sharps such as
catheters, intravenous sets, etc.

Liquid Waste Waste generated from laboratory and washing, cleaning, housekeeping
and disinfecting activities.

Incineration Ash Ash from incineration of any biomedical waste

Chemical Waste Chemicals used in production of biological, chemical used in disinfection
as insecticides, etc.
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waste. It comes mostly from the administrative and housekeeping functions of
health-care establishments and may also include waste generated during
maintenance of health-care premises. The remaining 10-25 percent of biomedical
waste is regarded as hazardous and may create a variety of health risks.

3.1 Sources of Biomedical Wastes

The sources of health-care waste can be categorized as major or minor according
to the quantities produced. While minor and scattered sources may produce
some health-care waste in categories similar to hospital waste, their composition
will be different. Table 1 gives categories of health-care waste. Major sources
of health-care waste are:

• Hospitals: University hospital; general hospital and district hospital.

• Other health-care establishments: emergency medical care services; health-
care centres and dispensaries; obstetric and maternity clinics; outpatient
clinics; dialysis centres; first-aid posts and sick bays; long-term health-care
establishments and hospices; transfusion centres and military medical
services.

• Related laboratories and research centres: Medical and biomedical
laboratories; biotechnology laboratories and institutions; medical research
centres.

• Mortuary and autopsy centres: Animal research and testing; blood banks
and blood collection services and nursing homes for the elderly.

Minor sources of health-care waste include:

• Small health-care establishments: Physicians’ offices; dental clinics;
acupuncturists and chiropractors.

• Specialized health-care establishments and institutions with low waste
generation: Convalescent nursing homes; psychiatric hospitals; disabled
persons’ institutions.

• Non-health activities involving intravenous or subcutaneous interventions:
Cosmetic ear-piercing and tattoo parlors and illicit drug users.

• Funeral services; Ambulance services and home treatment.

3.2 Health Impacts of Biomedical Wastes

Only recently, this issue has captured worldwide attention. Unfortunately, quite
sometime medical community remained silent. Nevertheless, this issue becomes
a major concern to most non-medical professionals and general community,
and forced the health care personnel to adopt the safety rules and guidelines.
Many of the dangers or hazards associated with biomedical wastes are hidden.
Injuries may not occur right away but might build up or lie dormant in the
body’s system for years like hepatitis B and C and cancers. Hence all suspect
and unknown substances should be considered hazardous. Potential health hazards
of the various wastes are given in Table 2.
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Table 2  Health hazards of the waste

Source: Kishore, J.; Ingle, G.K., 2004

Potential Hazards

Psychological Stress

Infections and Diseases: HIV/AIDS,
Hepatitis B &C, Hemorrhagic fever,
Herpes, Measles, Shigellosis,
Salmonellosis, Pneumonia,
Septicemia, Bateraemia, Cholera,
Tuberculosis, Anthrax,
Helminthicinfections, Candidiasis
and others

Infections: Rabies, Anthrax, and
other

Injuries

Dermatitis, Conjunctivitis,
Bronchitis,

Cancer, Genetic mutation

Poisonings

Waste Materials

Human Anatomical waste,

Human Anatomical waste, Soiled Waste, Microbial/
Biotech waste, Sharps,

Animal waste

Sharps, cytotoxic & Radioactive dmgs, Incinerator
waste;

Chemical, Cytotoxic, Radioactive, Incinerator wastes,

Cytotoxic, Radioactive drugs and materials, Chemical
wastes

Cytotoxic & other drugs, liquid & Chemical wastes,

4. BIOMEDICAL WASTE MANAGEMENT IN INDIA

Waste generation depends on various factors such as type of health care
establishment, hospital specialties, proportion of reusable and disposal items,
implementation of national and hospital waste management policy. In every
procedure carried out in health care setting some amount of waste is generated.
On an average 0.5 kg waste is generated per patient per day in Indian hospitals,
whereas it may be 3 to 10 kg per patient per day in developed countries.
According to western and American figures, approximately 15-20 percent of
this total waste is hazardous including infectious
wastes. However, it would be much higher (50-
75 percent) in India where proper waste
segregation is minimal and collection is made in
mixed form.

There are no national level studies on the quantity
of hospital waste generated per bed per day, but
studies have been carried out at local or regional
levels in various hospitals. Whatever data are
available from these studies, it can be safely
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Table 3  Average weight of the waste
generated in the Hospital (Kg/bed/day)

Countries Total % of Infected
Waste Waste

USA 7-10 10-15

Western Europe 3-6 10-15

India 0.5-2 30-60
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presumed that in most hospitals, roughly 1-2 kg/bed/day
of waste is generated. Some of the notable studies are
shown in the Table 3 and 4. One study claims that the
estimated quantity of the waste generated in the hospitals
varies from 2-5 kg/bed/day.

Several surveys provide an indication of typical health-care
waste generation. Data from some of these surveys are
summarized in Tables and show that generation of health-
care wastes differ not only from country to country but
also within a country. Waste generation depends on
numerous factors such as established waste management
methods, type of health-care establishment, hospital
specializations, proportion of reusable items employed in
health care, and proportion of patients treated on a day-
care basis.

• 80 percent general health-care waste, which may be
dealt with by the normal domestic and urban waste
management system;

• 15 percent pathological and infectious waste and 1
percent sharp waste;

• 3 percent chemical or pharmaceutical waste;
• Less than 1 percent special waste, such as radioactive

or cytostatic waste, pressurized containers or broken
thermometers and used batteries.
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Table 4  Quantity of waste generated at various places in India

Place of Type of Hospitals Quantity of Bio- #Composition of Medical waste
Study Medical waste

generated in
Kg/bed/day

Kolkata Government, Private 1.044 to 1.368 20-30% infectious;
Nursing Homes (Large 50-75% general
 hospitals)

New Delhi Government and Private 1.5 kg. to 1.8 Kg 45% infectious waste
Hospitals

Mumbai Tertiary Care Cancer 1.13 Kg. 46% infectious
Hospital

Jaipur Large Tertiary 1.5 Kg. 25-35% infectious

Manipal Large tertiary care 0.775 kg. 16-26% infectious
hospital

Punjab Large tertiary Hospital 1.05-1.50 kg. 15-30% infectious

Table 5 Average composition of
hospital waste in India

Source: National Environmental
Engineering Research Institute
(personal communication, 1997).

Material Percentage
(wet-
weight
basis)

Paper 15

Plastics 10

Rags 15

Metals (sharps, 1
etc.)

Infectious waste 1.5

Glass 4

General waste 53.5
(food waste,
sweepings from
hospital
premises)
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5. BIOMEDICAL WASTE MANAGEMENT IN PATNA

The main land of Patna extends between latitude 25 degree
37 min North, longitude 85 degree 10 min East and elevation
173 ft above sea level. The urban area is about 110 sq km.
Patna is situated on the southern bank of river Ganges.
The southern side of the city, Punpun river flows which
meets the river Ganga near Fatuha, which is situated at 8
km from Patna in the down stream of Ganga in the east
and Sone river flowing west of Patna meets the river Ganga
near Koilwar and Gandak River meets in Ganga from the
northern side just in front of the central zone of Patna.
Thus, the city of Patna is surrounded on all sides by rivers.
The ground level of Patna’s slopes away from Ganga River
and the topography of the town are like a saucer.

Patna is a linear city which has grown on either sides of the
main road (Ashok Raj Path) running east to west on a
ridge, almost parallel to the bank of the river Ganga.  The
length of the city is nearly 24 kilometers. Before the new Bypass road was
built, the city was about two and a half kilometers (maximum) in breadth and
at certain places even less than 0.8 kilometer. The city has now 57 councilors
elected at the rate of one member per ward. The elected body is responsible
for governing the affairs of the municipal corporation. The city corporation is
chaired by a mayor. Table 6 gives the decadal growth of the population.

The study of the existing land use pattern on the basis of the survey conducted
for the master plan reveals that in Patna there is no exception in regards to
mixed land use pattern as in the case of most of the Indian cities. The city has
grown under very stringent physical limitations, the river Ganga formed natural
barrier to any
expansion towards the
north. In spite of that
the riverfront has not
been utilized properly.
The areas in the south
are generally low lying
and subject to flood
from river Punpun.
Fig. 1 and Fig. 2 gives
the Landuse Map and
Landuse distribution
of PMC and Fig. 3 has
a ward map of Patna.
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Table 6  Population Chart

Year Population % Change

1901 134765 -

1911 136153 +1.02

1921 119176 -8.38

1931 151969 +27.5

1941 196415 +29.24

1951 283479 +44.32

1961 364594 +28.61

1971 473001 +29.73

1981 852731 +80.28

1991 1099647 +22.45

2001 1389615 +26.37

Fig 1 Land-Use Map of Patna



9

Fig 2  Landuse Distribution of PMC

Source: PRDA

5.1 Current Biomedical Waste
Management Scenario

The prevalent solid waste
management practices in the city
are highly deficient. Storage of
wastes at source is generally not
attended to. Households,
commercial establishments,
industries, hospitals, and nursing
homes, etc. keep on throwing the
waste on the streets, footpaths,
drains, etc. The biomedical waste
has been grossly neglected in
Patna. Large number of hospitals,
nursing homes, health care centres
has been identified by the State
Pollution Control Board in Patna
but do not take any measure for
the safe disposal of the biomedical
wastes. The biomedical wastes get
mixed up with the municipal solid
waste and deposited at the
common disposal site. It can be
seen in Fig. 4 and 5. Only few
incinerators have been installed in
Patna. These institutions are
Patna Medical College and
Hospital, Kurji Family Hospital,
Mahavir Cancer Sansthan Hospital,
and recently at IGIMS. But often
these plants remain out of order
as they are not managed and
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maintained properly and none of them is having the speci-fications according
the Biomedical Waste Management Rules, 1998.

There are 31 public and private hospitals and more than 100 nursing homes in
the city, accordingly to Patna Municipal Corporation’s Executive Engineer. At
present the handling of wastes in health care institutions in Patna are not
satisfactory. All types of wastes are mixed together and disposed.  Most of the
hospitals in the city are not having adequate facilities for the safe disposal of
the biomedical waste. Wastes are either dumped in open space behind the
hospital and occasionally burnt causing severe air pollution and land pollution. In
certain hospitals, incinerators are provided, but the same is not meeting the
statutory requirements of operation and emission standards and are a source
of pollution. The contaminated syringes and needles are dumped along with

Fig 3   Ward Map of Patna
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Fig.  6  Percentage of different types of waste
generation in Patna

Fig. 4  BMW seen mixed with general waste

Fig. 5  Waste seen disposed of in the middle of
the street.

other wastes, which are being collected by
scavengers and illegally returned to the
hospitals. The body parts often dumped
along with the wastes are seen carried by
birds and animals. The hospital authorities
and staff are not fully aware of the
seriousness of the problem created by the
unscientific way of disposal of these wastes
and hence give only very little attention to
the disposal of these wastes.

Quantity of Waste Generation: It is roughly
estimated that 1.3 to 1.5 kg per bed per
day is the solid waste generation and 450
litres per bed per day is the wastewater
generation from health care institutions.
Fig. 6 gives the break up of waste
generation.

So about 130-150 metric tonne per day of
solid waste is generated from the hospitals
and other health care centers in the city.
An estimation based on the assumption that
there is 1.3 kg/day of waste generation
per bed, the total quantity of biomedical
waste generation in Patna is approximately
3.6 metric ton per day. The total quantity
of waste generation estimated may go up
further as there are large number of health
clinics and similar health care institutions
which are not having in patient facilities
and various types of clinical
laboratories, dental clinics, etc. 
These health care institutions are
not accounted for in this estimation
of waste generation.

Biomedical wastes generated in a
health care institution are estimated
to be 20 percent of the total solid
wastes generated with in the city.
In other words about 200 to 250 gm
of biomedical wastes is generated
by each in-patient per day.
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Accordingly it is estimated that 3.6 tonnes of biomedical wastes is generated in
the city per day, which has to be disposed off safely.

Problems Faced by the Health Care Institutions: The problems faced by
health care institutions in the management of biomedical wastes are many.
Even though the problems faced by health care institutions in the public and
private institutions are almost the same, there is lot of differences as well. The
problems faced by health care institutions are:

• The health care institutions are constructed and operated from places where
there is no scope for any future expansion. In many cases during the
establishment of institutions there was no consideration on the waste
management. So now the health care institutions are finding it very difficult
to search for suitable and adequate space in their hospitals to accommodate
the waste treatment and disposal facilities.

• In general it is felt that there is no scarcity of funds in the private health
care institutions. However, adequate priority is not given for the biomedical
waste management. All are having a notion to install some type of incinerator
and incinerate all waste irrespective of its category or type. There is a
notion that incineration of waste is the one and only option of waste
management. However, in the case of government hospitals, finance is the
vital problem. At present there is no budgeted allocation of funds. Hence
these health care institutions are facing lot of problems for purchasing
biomedical waste containers and bags, making facilities for storage of waste,
establishing treatment facilities, disposal of treated waste, etc.

• The waste management techniques suggested in the Rules are quite new to
all and different from which was followed by the institutions till 1998.
Health care institutions as per the information available were doing the
waste management by dumping in the backyard and in most cases adequate
attention was not given to waste management. All institutions try to avoid
the waste management.

• At present the waste management system is undeveloped in most health
care institutions particularly so in most of the public health care institutions.
The lowest level of staff is supposed to mange the waste as per their will
and pleasure. This has to be changed and altered drastically. Modern
techniques like formation of committees comprising of members representing
all category of staff can improve the situation.

• At present there is no monitoring system to asses the waste management
facilities available are carried out effectively as expected. Periodical meetings
of waste management committees can improve the system.

• Responsibilities of waste management and connected matters are not made
mandatory to any officer of health care institutions. It is true that the head
of institutions is responsible. However, the head of institutions has to find
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out suitable officer under him and give responsibility on these matters
along with powers for carrying out the works.

• There is a problem regarding the non-availability of required instruments,
waste containers, bag, etc; of required specifications.

5.2 Methods, Analysis and Discussion

The purpose of the data collection was to know the actual condition of the
biomedical waste management in Patna. To have an understanding of the
existing condition of the biomedical waste management in Patna, it was essential
to have data regarding demography, infrastructural facilities in the Patna Municipal
Corporation (PMC). To collect primary and secondary data, various sources and
departments were contacted. The collected data was analyzed to reach important
inferences and conclusions.

• Talks with the PMC staff, Bihar State Pollution Control Board, Healthcare
Personnel and workers, NGOs and residents.

• Use of secondary sources like records of PMC, news papers, books and
internet.

• Field surveys and case studies’ examination.

Study of the existing infrastructure with respect to the needs is not organized.
One important thing, people use the maps and the database in a disorganized
way. There is a feeling among the people that they need an organized system
like GIS, since most of the data they use is spatially related, not only it helps in
viewing and also analyzing, it will help in decision making. Following tasks were
per performed:

• Study and analysis of the existing conditions through study of maps, attribute
data, reports, the monitoring mechanism.

• Creation of the baseline data and the waste quantity details.
• Digitizing and demarcation of the existing health ward boundaries.
• Generation of health ward maps with all the existing details for 37 health

wards.

A map of the municipal area of Patna (2001) was available with relevant data
from the Patna Municipal Corporation (PMC) containing 37 wards. Ward-wise
population of all the 37 wards was available.

The administrative set up of wards seems to have been modified subsequently,
since different offices provided different ward divisions.  Notably, the map from
the Census Office Patna showed 42 wards, the map from the Bihar Remote
Sensing Office showed 43 wards, and finally another rough sketch map showing
57 wards was also available.  Due to the unavailability of the corresponding ward
wise population statistics of these differing maps, the map showing 37 wards
was used for this research. It was considered judicious and effective to use the
population projections for Patna, made by the Patna Municipal Corporation (PMC).
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Present (2001) : 13.7 lakhs
Projected (2011) : 17 lakhs
Projected (2021) : 21 lakhs

These population figures will be used for the present research. The projected
population densities will be extrapolated from these figures, assuming uniform
spatial decadal population growth rate i.e. each ward density increases at
proportionate rates over 10 years.

Bio-medical Wastes: According to the PMC Executive Engineers, the hospital
waste generation per day in the city is 2 percent of the total solid waste
generation. Thus, for 900 metric ton per day of total hospital waste generated,
is 18 metric ton per day, the bio-medical waste generated is 20 percent of the
hospital waste i.e. 3.6 metric ton per day.

According to an analyst from Bihar State Pollution Control Board (Rao, 2005),
bio-medical waste generated is 0.2-0.3 kg/bed/day in the city. By his estimates,
the total number of beds in Patna is approximately 10,000, though this is
undocumented statistics. On analysis, this data computes the total BMW
generation to be only 3 metric tons, and is thus not acceptable. Here, it may
be noted that according to Indian standards, the hospital waste generation is
anything between 0.5 kg -2.0 kg/bed/day. The total BMW that will be generated
in 2011 and 2021 are then projected to be about 4.46 metric ton per day and
5.51 metric ton per day respectively. Table 7 gives the present and projected
generation of BMW in Patna.
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Table 7 Present and projected generation of categories of BMW in Patna

Waste (Description) Present Projected Projected
Generation In 2011 in 2021
in Patna (Amount (Amount in
(Amount in MT) in MT) MT)

Human Anatomical Waste 0.24 0.30 0.37

Animal Waste 0.10 0.12 0.15

Microbial and Biotechnology Waste 0.12 0.15 0.19

Waste Sharps 0.33 0.41 0.50

Discarded Medicines and Cytotoxic drugs 0.20 0.25 0.31

Soiled Waste 1.74 2.15 2.66

Solid Waste 0.61 0.76 0.94

Incineration Waste 0.06 0.07 0.09

Chemical Waste 0.20 0.24 0.30

Liquid Waste    

Total 3.60 4.46 5.51
Source: - BSPCB
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Table 8  List of healthcare institutions having Incinerator

Name of Hospitals/Nursing home Capacity
Kg./Hr

Patna Medical College and Hospital, Patna 90

Kurji Holi Family Hospital, 20

Tripolia Social Service Hospital, 10

Anup Memeorial Orthopaedic Centre 10
and Research Inst.

Nalanda Medical College and Hospital 5

Mahavir Cancer Sansthan 5

Tara Hospital 5

Manas Nursing Home 5

Heart Hospital Pvt. Ltd; and Rajeshwar 3
Hospital

Jeevak Heart Hospital and Research 3
Institute

Rajendra Memorial Institute of Medical 3
Sciences

Shivam Hospital and Research Centre 3

Total 162
Source: - BSPCB

Fig  7  Different composition of BMW in Patna

It is very important to identify, discuss and also quantify the different components
of bio-medical waste at this point. Approximate break up of the composition
has been attempted, based on the composition data available for the three
districts of Muzaffarpur, Gaya and
Chandigarh. Thus, the total amount
of waste generated under each of
these sub-categories has been
computed, both for the present and
for 2021. A general understanding of
some of the above mentioned
components are discussed. Fig. 7 tells
about the different composition of
BMW in Patna.

These human anatomical wastes,
animal wastes and soiled wastes
items all need incineration for
disposal. The amount of BMW that
need incineration presently is thus
about 2.08 metric ton.

Presently, twelve numbers of
incinerators are available in Patna,
having a capacity of 162 kg/hour. As
per Board analyst, Bihar State
Pollution Control Board among them
six is sharing their spare capacities
with other health institutions.
However, it is observed that in reality,
many of them are not in functional
state. Table 8 shows the institutions
having the facility of incinerators.

Microbiology and biotechnology
waste, soiled wastes, solid waste all
need treatment like Autoclaving/
Micro waving/Chemical treatment.
The amount of BMW that needs these
facilities accounts for about presently
1.06 metric ton. But in Patna most
of the establishments do not have
these types of facilities and they are
simply mixing with the general solid
wastes.
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Discarded medicines and Cytotoxic drugs and Incineration Ash, which accounts
0.26 metric ton, need secured landfill sites but the city does not have any
secured landfill sites. Liquid waste, has not been calculated because no data
was available for this. However, no health institution is treating these wastes
scientifically.

There are 12 health centers which show that they are having incinerators but
the bigger capacity incinerator only PMCH is having which is 90 kg/hour and
rest of them are having low capacities incinerators. Fig. 8 shows the detail
about it. None of the incinerators have recommended specifications prescribed
by the CPCB. Recently in the IGIMS, they have installed the incinerator.

Among them spare capacities used by nearby hospitals/nursing homes (See
Table 9). There are no practice of segregation of bio-medical wastes is being
practiced by the health care personnel. They are dumping all BMW at the
collection point of solid waste and they are mixing with general waste which is
more dangerous to all persons involved in solid waste management systems and
other persons too like rag pickers. All incinerators are not having the specification
prescribed by the CPCB resulting in pollution of the urban environment.

Number of beds, location and name of each health centre was collected from
the Bihar Pollution Control Board, and their status for authorization. Most of
the healthcare institutions have been given authorization for three years and
annual report has been submitted by few institutions. Fig. 9 gives the detail
about it. Fig. 10 shows the healthcare institution having the incinerator facilities.

Number of beds and the location of healthcare institution were marked on the
GIS Map and it has been found that Ashok Rajpath, Rajendra Nagar, Kankarbagh,
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Fig 8  Location of Health Centre
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Table 9 Spare capacities of incinerators provided to other health care facilities

SNo. Name of Hospital/Nursing Homes Capacity
1 Patna Medical College and Hospital, Patna 90 Kg/Hr
 a. Patna Medical College  
 b. Patna Dental College and Hospital  
 c. Indira Gandhi Cardiology Centre  
2 Jeevak Heart Hospital and Research Institute 3 Kg/Hr
 a. Alok Nursing Home  
 b. Get-Well Hospital  
 c. Shahi Hospital  
 d. Patna Bone and spine Hospital  
 e. Surya Clinic  
3 Anup Memorial Orthopaedic Centre and Research Institute 10 Kg/Hr
 a. Magadh Hospital  
 b. Sanjivini Hospital  
 c. Srijan Hospital  
 d. Sree Ram Hospital  
 e. Priya Clinic  
4 Tara Hospital 5 Kg/Hr
 a. Siddiqui Nursing Home  
 b. Palmview Hospital  
5 Sajjat Memorial hospital, Phulwarisharif 10 Kg/Hr
 a. Hai-Medicare and Research Institute  
6 Tripolia Social Service Hospital 10 Kg/Hr
 a. Nishkalank Health Care  
 Total 128 Kg/Hr

Source: - BSPCB
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Fig 9 Beds in the Health Centre
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Raja Bazar, Agam Kuan, Patliputra Colony, Boring road, Phulwarishariff, Patna
city and Kurji More have more number of beds. However, there are many
nursing homes, pathological labs, clinics, etc., which have not been identified
by the Bihar State Pollution Control Board, and they are also not giving attention
towards BMW.

According to Directorate of Statistics and Evaluation, Bihar, Patna, there are
0.2 number of beds per 1,000 persons in Patna district, which is far below the
UDPFI Guidelines which suggest 2 beds per 1,000 persons.

Surveys were conducted for assessing the bio-medical waste (BMW) management
scenario in Patna city. The respondents were doctors, nursing staff, paramedics
and unskilled service personnel and others concerned with health and waste
management. The total number of the surveys sample was forty two. Most
respondents were unwilling to disclose their place of work and even to part
with the relevant information in the beginning. However, they seemed to be
aware of the overall consequences of poor management of BMW.

The relevant health sector rules are being followed only by a handful of healthcare
institutions in the city. Except for these few places, there is an all round
disregard towards provisions for waste segregation, like colour coded buckets
and containers with disposal of specific wastes assigned to them. Fig. 11 and
12 give details about the awareness of the disposal systems with in city. There
is a marked lack of hygienic practices with respect to bio-medical waste disposal
among concerned staff, for example, the use of gloves while handling the
waste, which is a basic requirement, is nearly absent. Categorisation and
segregation of BMW in the city is seen in Fig 13 and 14.
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Very few health care institutions
have in-house BMW treatment
facilities like autoclaves,
incinerators or chemical
treatment facilities. Some apex
public hospitals are equipped
with incinerators but very few
of these are functional. There
is considerable under use of
existing infrastructure in most
of public hospitals, incinerators
have been lying in a state of
disrepair over long periods of
time. None of the incinerators
meet the specifications
prescribed by Central Pollution
Control Board.  At present BMW
treatment is dependent mostly
on autoclaves and Chemical
treatments. Fig. 15 and 16
shows the importance given and
satisfaction with BMW.

Although 60 percent of the
respondents showed some
awareness regarding recycling,
reuse, incineration of hospital
waste, only 21 percent of the
interviewees said they were
currently segregating BMW.
Almost all interviewees were
however aware that untreated
BMW is a potential medium for
communicable diseases like
Hepatitis. Fig. 17 and 18
indicates the frequency of
removal and awareness of
policies regarding BMW with in
the city. Even the deadly HIV
virus has the potential of being
transmitted via disposable syringes which, in the absence of treatment, can be re-circulated
unscrupulously. Fig. 19 and 20 shows the awareness of BMW rules and Institution requires
reporting to SPCB with in the city.
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Fig. 13  Categories of BMW Fig. 14  Segregate BMW

Fig. 15  Importance given to BMW Fig. 16  Satisfied with BMW

Fig. 11  Aware of Recycle/
Reuse/Incineration

Fig. 12  Methods of dispose
off
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All respondents except two said
they are not satisfied with the
present levels of hygiene and
that enough importance is not
attached to BMW. Very few
institutions have colour coded
container and those are in good
condition because they have
been kept new and started
following the rules recently.
Apart from that none of the
hospitals is having containers
with colour bags coded.
Frequency of removal also varies
from institutions to institution
but mostly they remove bio-
medical waste once per day.

More than 71 percent of the
interviewees were not aware of
Government of India policies
regarding BMW and the Bio-
Medical Waste Management
Handling Rules framed in 1998.
Only a few apex institutions
abide by the present rules.

There was also a marked lack of awareness among doctors sampled in the
survey. A disconcerting fact which emerged into light was that many healthcare
professionals who were aware of the existing rules paid scant regard to them.
Around 31 percent of health care institutions said that they were regularly
submitting the mandatory Hospital Waste Management Report to the Bihar
State Pollution Control Board using prescribed format.

Most respondents recognized the importance of placing colour coded containers
at appropriate places within health care institutions and also the importance of
generating awareness among concerned staff. Interviewees were also mostly
of the opinion that there is a general irresponsibility amongst the public as far
as carrying out of civic responsibilities is concerned. To this end, they said,
strong law enforcement measures and public awareness campaigns through the
media are the crying need of the time.

Awareness among the doctors was also not found satisfactory; basically they
are least concerned about this issue. There is a general tendency among qualified
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Fig. 19  Aware of BMW Handling Fig. 20  Require to report

Fig. 17  Frequency of Removal Fig. 18  Awareness of Policies
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healthcare professionals to think that the onus of maintaining hygiene within
health care institutions lies only with the unskilled service personnel.

6. GENERAL RECOMMENDATIONS AND PROPOSALS FOR BMW IN PATNA

Strategic goal for bio-medical waste management aims at developing a system
with due consideration to local climate, physical, economic, and social factors.
The objective is to improve the environment for a healthy living through
sustainable means. With this objective the following actions are recommended.

• The common bio-medical waste treatment facility (CBWTF), which was
proposed to be set up, should be implemented soon, where bio-medical
waste generated from a number of health care units is imparted necessary
treatment to reduce adverse effects. The following treatment facilities
shall be provided in the CBWTF: (a) Incineration (b) Autoclaving/Microwaving/
Hydroclaving  (c) Shredder (d) Sharp  its / Encapsulated / Recovery of metal
in some factory may be looked into (e) Vehicle/Container Washing facility
(f) Effluent treatment plant and g)The charges for facility will be worked
out on the basis of per bed generation.

• All hospitals should appoint core group consisting chief executive of the
hospital, etc; to lay down the system specific to that hospital and also to
operate and monitor.

• Every hospital should make an inventory of waste: qualitative and
quantitative, both. Efforts should be to minimize and recycle the wastes as
much as possible.

• Generator of BMW should be made responsible for providing segregated
waste to CBWTF operator within 48 hours. The wastes should be kept in the
assigned colour coded buckets. The colour bags handed over by the healthcare
units shall be collected in similar colored containers with cover. The BMW
collected in colored containers shall be transported in fully covered vehicles.
Table 10 shows the colour coding of the container.

• Healthcare institutions, which have incinerator and treatment facilities,
should follow the BMW rules in disposal of the wastes. Spare capacities of
incinerators in health institutions should be used by nearby hospitals, nursing
homes, laboratory, etc. A biomedical waste management plan is proposed
in the light of the problems identified.

6.1 Waste Segregation and Packaging

Segregation should always be the responsibility of the waste producers which
should take place as close as possible to where the waste is generated, and
should be maintained in storage areas and during transport. The most
appropriate way of identifying the categories of health-care waste is by sorting
the wastes into colour-coded plastic bags or containers. In addition to the
colour coding of waste containers, the following practices are recommended:
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Fig 21  International
infectious substance symbol

• General health care wastes should join the stream of domestic
refuse for disposal. All sharps should be collected together,
regardless of whether or not they are contaminated.
Containers should be puncture-proof (usually made of metal
or high-density plastic) and fitted with covers. They should
be rigid and impermeable so that they safely retain not only
the sharps but also any residual liquids from syringes. To
discourage abuse, containers should be tamper-proof (difficult
to open or break) and needles and syringes should be rendered
unusable.

• Bags and containers for infectious wastes should be marked
with the international infectious substance symbol, as shown
in Fig. 21.
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Colour coding

Yellow

Red

Blue/While Trans-
lucent

Black

Types of container

Plastic bag

Disinfected conta-
iner/plastic bag

Plastic bag/
puncture proof
container

Plastic bag

Waste category

Human anatomical
waste; Animal waste

Microbiology and
Biotechnology waste,
Soiled waste, Solid
waste

Waste Sharps, Solid
Waste

Discarded medicines
and cytotoxic drugs,
Incineration ash,
Chemical waste

Treatment Options

Incineration

Autoc lav ing/Mic ro -
w a v i n g / C h e m i c a l
Treatment

Autoc lav ing/Mic ro -
w a v i n g / C h e m i c a l
Treatment and
destruction/shredding

Disposable in secured
landfill

Table 10 Recommended colour-coding for biomedical wastes

• Highly infectious wastes should be sterilized immediately by autoclaving. It
therefore needs to be packaged in bags that are compatible with the proposed
treatment process: red bags, suitable for autoclaving.

• Cytotoxic waste, most of which is produced in major hospital or research
facilities, should be collected in strong, leak-proof containers clearly labeled
Cytotoxic Wastes.

• Small amounts of chemical or pharmaceutical wastes may be collected
together with infectious wastes.

• Large quantities of obsolete or expired pharmaceuticals stored in hospital
wards or departments should be returned to the pharmacy for disposal.
Other pharmaceutical wastes generated at this level, such as spilled or
contaminated drugs or packaging containing drug residues should not be
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returned because of the risk of contaminating the pharmacy. These should
be deposited in the correct containers at the point of production.

• Large quantities of chemical wastes should be packed in chemical resistant
containers and sent to specialized treatment facilities. The identity of the
chemicals should be clearly marked on the containers: hazardous chemical
wastes of different types should never be mixed.

• Wastes with a high content of heavy metals e.g. cadmium or mercury
should be collected separately.

• Aerosol containers may be collected with general health care wastes once
they are completely empty, provided that the waste is not destined for
incineration.

• Low level radioactive infectious wastes (e.g. swabs, syringes for diagnostic
or therapeutic use) may be collected in yellow bags or containers for infectious
wastes if these are destined for incineration.

6.2 On-site Collection, Transport and Storage of Wastes

Nursing and other clinical staff should ensure that waste bags are tightly closed
or sealed when they are about three-quarters full. Sealed sharps containers
should be placed in a labeled, yellow infectious health care waste bag before
removal from the hospital ward or department. Wastes should not be allowed
to accumulate at the point of production.

Further recommendations should be followed by the ancillary workers in charge
of waste collection:

• Wastes should be collected daily or as frequently as required and transported
to the designated central treatment site.

• No bags should be removed unless they are labeled with their point of
production (hospital and ward or department) and contents.

• The bags or containers should be replaced immediately with new ones of
the same type.

A storage location for health care waste should be designated inside the health
care establishment or research facility. The wastes, in bags or containers,
should be stored in a separate area, room, or building of a size appropriate to
the quantities of wastes being produced and the frequently collected.

Cytotoxic waste should be stored separately from other health care waste in a
designated secure location. Radioactive wastes should be stored in containers
that prevent dispersion behind lead shielding.

Biomedical wastes should be transported within the hospital or other facility by
means of wheeled trolleys, containers or carts that are not used for any other
purpose and meet the following specifications: easy to load and unload; no
sharp edges that could damage waste bags or containers during loading and
unloading and easy to clean. The vehicles should be cleaned and disinfected

Institute of Town Planners, India Journal 6 - 2, 01-25, April - June 2009

Shailendra Kumar Mandal and Joydeep Dutta



23

daily with an appropriate disinfectant. All waste-bag seals should be in place
and intact at the end of transportation. Different types of vehicles for the
onsite transportation of health care wastes are shown in Figure.

Special packaging requirements for off-site transport in general, the waste
should be packaged according to the recommendations provided in sealed bags
or containers to prevent spilling during handling and transportation. The bags
or containers should be appropriately robust for their content (puncture-proof
for sharps, for example, or resistant to aggressive chemicals).

All waste bags or containers should be labeled with basic information on their
content and on the waste producer. This information may be written directly
on the bag or container or on preprinted labels, securely attached. For health
care wastes, the following additional information should be marked on the
label: waste category, date of collection, place in hospital where produced
(e.g. ward), and waste destination.

Before transportation of the wastes, dispatch documents should be completed,
all arrangements should be made between consignor, carrier, and consignee,
and in case of exportation, the consignee should have confirmed with the
relevant competent authorities that the waste can be legally imported and that
no delays will be incurred in the delivery of the consignment to its destination.

Waste bags may be placed directly in the transportation vehicle, but it is safer
to place them in further containers (e.g. cardboard boxes or wheeled, rigid,
lidded plastic or galvanized bins). This has the advantage of reducing the handling
of filled waste bags but results in higher disposal costs. These secondary containers
should be placed close to the waste source.

Any vehicle used to transport health care waste should fulfill the following
design criteria:

• The body of the vehicle should be of a suitable size commensurate with the
design of the vehicle, with an internal body height of 2.2 meters.

• There should be a bulkhead between the driver’s cabin and the vehicle body,
which is designed to retain the load if the vehicle is involved in a collision.
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Source: - Ministry of Health (1995), Handbook of hazardous healthcare waste management, Bangkok

Fig. 22 Different Types of Vechiles for On-Site Transport
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Fig 23  Example of vehicle used for
transportation of biomedical waste

• There should be a suitable system for securing the load during transport.
• Empty plastic bags, suitable protective clothing, cleaning equipment, tools,

and disinfectant, together with special kits for dealing with liquid spills,
should be carried in a separate compartment in the vehicle.

• The internal finish of the vehicle should allow it to be steam cleaned, and
the internal angles should be rounded.

• The vehicle should be marked with the name
and address of the waste carrier.

• The international hazard sign should be
displayed on the vehicle or container as well
as an emergency telephone number.

Example of the said vehicle is shown in Fig.
23. Vehicles or containers used for the
transportation of health care waste should not
be used for the transportation of any other
material. They should be kept locked at all
times, except when loading and unloading.
Articulated or demountable trailers
(temperature-controlled if required) are
particularly suitable, as they can easily be left
at the site of waste production. Other systems
may be used, such as specially designed large containers or skips; however,
open-topped skips or containers should never be used for transporting health
care waste. The same safety measures should apply to the collection of hazardous
health care waste from scattered small sources.

Health care establishments that practice minimal programmes of health care
waste management should either avoid off-site transportation of hazardous
wastes or at least use closed vehicles to avoid spillage. The internal surfaces of
any vehicle used for this purpose should be easy to clean.

Health care wastes should be transported by the quickest possible route, which
should be planned before the journey begins. After departure from the waste
production point, every effort should be made to avoid further handling. If
handling can not be avoided, it should be pre-arranged and take place in
adequately designed and authorized premises. Handling requirements can be
specified in the contract established between the waste producer and the
carrier.

All stakeholders should be made aware of the significance of management of
bio-medical wastes:

• Every year participation in workshops of local citizens, financial institutions,
environmentalists, NGOs, Municipal Corporation and state pollution control
board.
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• To create awareness in urban environment training camps on health hazard,
role of people, global warning, depletion of natural resources like water,
etc. to be organized.

• Policy framework should be eventually drafted to look into the effective
administration of segregation of waste at source, planning and mandatory
approval of BMW system and incentives for recycling industry.

7. CONCLUSIONS

Through the primary and secondary studies, infrastructure deficiencies have
been found in Patna city. On the basis of understanding the study seeks to
improve the current scenario of Patna with respect to solid waste management
in general and biomedical waste management in specific. The study has provided
detailed policy guidelines for the efficient management of biomedical wastes
on the basis of a review of the current trends and best practices in the field.
This research model has been designed to act as a useful study for the municipal
or state pollution control board’s administration in assessing present situation
of BMW within the city. It will aid Patna city in becoming a front runner in bio-
medical waste management practices in the year 2021.
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