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Foreword

he World Bank has supported in the health sector
in India for many years. As part of that involve-
ment, the Bank has made increasing efforts to
highlight issues related to management of health care
wastes. These eftorts reflect both a growing international
awareness and a response to particular events in India.
Improper management of health care wastes is a
public concern because of risks of infection, injury, and
other health hazards. Poor health care waste management
is also a reflection of broader management deficiencies in
health care facilities. Public awareness about the dangers
of careless disposal, and the introduction of regulatory
measures for managing these wastes, are both relatively
new in India.

This report presents an overview of the responses
and concerns in India associated with health care waste
management at the central, state, and local levels. The
report is based on the Bank’s experience in working with
clients and draws heavily on an internal review of Bank
operations. We hope that the experience reported here
will stimulate debate among, and support for, those

engaged in these issues.

Richard Ackermann

Director, Environment and Social Development
South Asia Region

The World Bank
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Executive Summary

ealth care wastes (HCWs) are all wastes gener-

ated by health care and health research facilities

and associated laboratories. They include both
(a) “communal waste,” such as paper and bottles that can
be dealt with through the local solid waste management
system; and (b) potentially dangerous “biomedical
wastes” (BMWs), such as sharps (needles, scalpels, knives,
blades, broken glass) and wastes with infectious, haz-
ardous, radioactive, and genotoxic properties that endan-
ger human health and the environment. Managing
HCWs safely is essential, but not easy.

This report describes India’s steep learning curve in
the management of HCWs in the last decade and draws
a number of lessons from India’s experience. Since 1995,
India has made great progress in managing HCWs,
notwithstanding delays caused by weaknesses in the
country’s legal and institutional framework for HCW
management. The national government has promulgated
Biomedical Waste Rules, prepared national guidelines,
and implemented a national training program. States have
devised their own HCW management strategies and
guidelines and provided assistance to government hospi-
tals in implementing HCW management initiatives.
Nongovernmental organizations (NGOs) have played a
major role in bringing the HCW management agenda to
the attention of government officials, creating public
awareness of HCW issues and training health care facili-
ty personnel. The culture at many health care facilities has
changed to recognize the importance of adopting good
HCW management practices, and the private sector has

become increasingly involved in providing HCW man-

x1

agement services both on and oft the premises of health
care facilities. India can now build on this initial HCW
management experience to improve legislative and
practical approaches. Coupling the current HCW man-
agement knowledge base with more effective use of
information technology could help health care facilities
in India internalize good HCW management practices

as an essential component of their operation.

A National Legal Framework for
Managing Health Care Wastes

In 1995, despite rising concerns about toxic emissions
from the incineration of municipal and HCWs, India’s
Ministry of Environment and Forests drafted HCW
management legislation that identified incineration as
the technology of choice for health care facilities. Soon
thereafter, the Supreme Court ordered the installation
of approximately 60 incinerators at hospitals in the
New Delhi area that had more than 50 beds. Many of
the incinerators that were installed are no longer func-
tional and therefore represent a wasted investment; of
the 26 incinerators that remain, all but one are substan-
dard by today’s standards. The situation with respect to
investments in substandard incinerators at health care
facilities in New Delhi has parallels in many other
urban areas of India.

Nongovernmental organizations in India played a
major role in heightening awareness of health and envi-
ronmental issues related to the management of HCWs
among government officials and the public. In 1995, the
NGO Srishti conducted a survey that revealed unsanitary
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practices and risks in dealing with HCWs. In 1996, Srishti
initiated public interest litigation against the government
that led the Supreme Court to reverse its order for incin-
eration at health care facilities. The Supreme Court subse-
quently ordered India’s Central Pollution Control Board
(CPCB)—the of the

Environment and Forests—to consider alternative and

technical arm Ministry  of
safer technologies in HCW management rules and to set
up technology standards. During the following two years,
while CPCB was evaluating alternative HCW treatment
and disposal technologies, there were consultations among
the government, health care sector, scientific community,
industry,and NGOs about incineration and other options.
The result of this process, in 1998, was the promulgation
by the Ministry of Environment and Forests of a new set
of rules for handling BM'W.

India’s new rules—the Biomedical Waste (Handling
and Management) Rules of 1998—were based on the
principle of segregation of communal waste from BMW,
followed by containment, treatment, and disposal of
BMWs in different categories. The new rules also listed
waste treatment and disposal technology options, along
with standards. The rules were amended twice in 2000,
primarily to address administrative matters.

The Biomedical Waste Rules still have some internal
inconsistencies and deviate in some respects from the
1999 World Health Organization (WHO) guidelines for
the safe management of HCWs (Priiss, Giroult, and
Rushbrook 1999). Nonetheless, these rules—and subse-
quent national guidelines—established a national frame-
work for HCW management and were instrumental in
raising awareness in India about the health risks and good
management practices of HCWs among health care facil-
ity personnel; government officials at the central, state,
and local levels; and the general public.

State Strategies and Activities Related

to Health Care Waste Management

The responsibility for implementing India’s Biomedical
Waste Rules was delegated to individual states and
territories, with State Pollution Control Boards
(SPCB:s) in states and Pollution Control Committees in
territories designated as the authorities. The national
rules require that each state constitute a committee to
advise the state government and the SPCBs about
implementation of the rules. For such an advisory com-
mittee to function effectively, there must be close coor-
dination and participation among different stake-

holders—in particular, state environmental and health

agencies, local authorities, health care facility represen-
tatives, academia, and NGOs.

Individual states have had to develop their own
specific strategies for HCW management. One of the
strategic decisions that state authorities had to make was
how to refine the technology options included in the
Biomedical Waste Rules. Another strategic decision for
state authorities was whether to opt for on-site treatment
of BMWs or common treatment of BMWs. Common
treatment of BMWs can offer several advantages in terms
of better and more efficient operation of the treatment
equipment by trained personnel, reduction of the poten-
tial adverse human health impacts and waste treatment
and disposal costs, and lessening of the enforcement
burden on the regulatory agencies involved. For these
reasons, India’s central government views common waste
treatment as the most appropriate approach to the treat-
ment of BMWs generated in urban areas.

State health departments have prepared guidelines
to facilitate implementation of the Biomedical Waste
Rules at government hospitals. A review of these guide-
lines reveals a number of shortcomings. An important
current need, therefore, is to improve the quality of these
guidelines and identify good practices for dissemination
across states.

State health departments also have provided assis-
tance to government hospitals for HCW management in
the form of personnel training, waste management audit-
ing, preparation of hospital-specific plans, procurement of
materials and supplies, and construction of on-site dis-
posal facilities. Private hospitals in India have had to
comply with the requirements of the Biomedical Waste

Rules using their own resources.

Health Care Facilities’ Waste
Management Practices

One of India’s major achievements has been to change
the attitudes of the operators of health care facilities to
incorporate good HCW management practices in their
daily operations and to purchase on-site waste manage-
ment services from the private sector. The assistance
provided to government hospitals by state health depart-
ments—in part through World Bank—financed projects—
has contributed to this change. National and regional
workshops, training programs, and other efforts have led
to an increasing recognition that hygiene and HCW
management are essential to good hospital management
practices. Despite the progress that has been made,

however, there is room for improvement in bringing



HCW management to the attention of medical officers
and doctors, improving hospital-specific plans, and con-
ducting refresher training so that health care facility staff
can fully internalize these plans.

A review of HCW management practices at govern-
ment hospitals in India reveals wide differences in prac-
tices among hospitals in different states. State-level HCW
management guidelines are sometimes prepared by local
consultants and NGOs with no or little experience in
other states, and such consultants and NGOs may vary in
their interpretations of the Biomedical Waste Rules,
which are themselves inconsistent. Hospital-specific
HCW management plans are also prepared by local pri-
vate consultants or NGOs that vary in their interpreta-

tions of state-specific HCW management guidelines.

The Private Sector’s Role in

Health Care Waste Management

Since the implementation of the Biomedical Waste
Rules, private sector firms have become increasingly
involved in providing both on-site and off-site HCW
management services for health care facilities. The
culture change resulting from implementation of the
Biomedical Waste Rules has led some government
hospitals to contract with private sector organizations
for on-site waste management services previously
performed by health care facility personnel. Although
some facility staff concerned about losing their jobs have
resisted this approach, the experience of using private
contractors for on-site HCW management has yielded
significant improvements in the overall cleanliness and
sanitary conditions for health care facility personnel,
patients, and their visitors, as well as a positive change in
public opinion.

Participation by private sector firms in the provision
of off-site HCW management services has been associat-
ed with the collection of segregated BMWs from the
health care facilities, treatment at common waste treat-
ment facilities (CWTFs), and disposal of the treated
wastes. These services have become an integral part of a
state strategy in some states of India. Major credit goes to
officials in the State of Andhra Pradesh. These officials
were instrumental in convincing health care facility rep-
resentatives to pay for off-site treatment and disposal of
their BMWs; they were also able to bring along the first
investor for a CWTF with no government subsidies, just
a guarantee from the state government that the CWTF
will receive BMW from a specified number of care facil-

ities with a specified number of beds. Successful experi-
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ence with the first CWTF in Andhra Pradesh led to the
investment of a second CWTF based on the build-own-
operate model by the private sector there. The approach
was subsequently replicated in Karnataka, Maharashtra,
Punjab, Rajasthan, Tamil Nadu, and there are current
plans for CWTFs in Gujarat, Kerala, New Delhi, Uttar
Pradesh, and West Bengal.

Lessons Learned from India’s Experience
Several major lessons can be drawn from India’s
experience:

o Initiating HCW management legislation and practice
without adequate background work results in delay
and costly readjustments. Preparing background stud-
ies with a situation analysis, evaluating alternatives,
and involving key stakeholders in the process are
integral steps to establishing a sound basis for HCW
management legislation. India did not take all these
steps, and the result was a rather convoluted process
with delays in the preparation and implementation of
India’s HCW management legislation.

* HCW guidelines must be timely and informed by field
experience. HCW guidelines are an important tool for
implementation of the Biomedical Waste Rules by
health care facilities, BMW transporters, and BMW
treatment and disposal facility owners and operators.
National guidelines for implementing the Biomedical
Waste Rules were published at a rather late date and
were not comprehensive. This situation, along with
internal inconsistencies in the Biomedical Waste Rules
themselves, resulted in considerable implementation
difficulties.

* Many approaches and tools are necessary to inform
opinions and change actions. The central and state
governments, NGOs, the media, and others have
played an important role in creating awareness of and
sharing knowledge about HCW management issues
among the general public, policymakers, and other
parties in India. The tools used by these parties range
from the promulgation of national rules to training
sessions for the personnel of health care facilities.

* Hospitals can change their culture and improve HCW
management practices. Since implementation of
the Biomedical Waste Rules, and with assistance pro-
vided to health care facilities by state health depart-
ments, the culture at many health care facilities in
India has changed to recognize hygiene and HCW
management as essential to good hospital manage-

ment practices.
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o The private sector’s role in on-site HCW management
is becoming increasingly important. With the imple-
mentation of the Biomedical Waste Rules and
increased recognition of the need for good HCW
management practices at health care facilities, the pri-
vate sector’s involvement in providing on-site HCW
management services is growing.

* Effective state strategies for CW'TFs, with private
sector involvement, are emerging. Management of
BMWs at a CWTF has become an integral part of
the state HCW management strategy in some states
of India. State officials in Andhra Pradesh succeeded
in convincing health care facility representatives to
pay for off-site treatment of their BMWs at a
privately built, owned, and operated CWTF—and
their success with this approach has led other states
to emulate it.

o Strong and clear regulatory commitment improves
implementation of the Biomedical Waste Rules. SPCBs
in the states and Pollution Control Committees in the
territories are the regulatory agencies in India respon-
sible for enforcing the requirements of the Biomedical
Waste Rules. The capacity of these agencies to act—
and their determination to do so—has made a major
difference in the effectiveness of implementing the
Biomedical Waste Rules.

o Information technology has a crucial role to play in
HCW management. Information technology has great
potential for creating public awareness of HCW man-
agement issues and for sharing knowledge about
HCW management practices at health care facilities.

Road to the Future

Despite inefficiencies caused by weaknesses in India’s legal
and regulatory framework and institutions, the road to the
future in HCW management in India is now clear. The
diligent efforts by NGOs in India that demonstrated the
unsafe conditions of on-site incinerators have resulted in
guidelines that allow incineration at CWTFs but prohibit
use of on-site incineration without a special permit from
the CPCB. There is hope that the initial successful experi-
ence with privately built, owned, and operated CWTFs in
Andhra Pradesh and other states in India will form the
foundation for common practice for urban areas of India.
Changes in culture regarding hygiene and HCW manage-
ment practices have occurred at many health care facilities,
and many facilities now accept the need to pay for oft-site
treatment and disposal of BMWs. The challenge now is to
promote broader and better implementation of HCW
management practices across India, while taking into
account the wide variety of circumstances, facilities, and

capabilities in the country’s health sector.



CHAPTER 1

The Problem of Health Care Wastes

ealth care wastes (HCWs) are all wastes gener-

ated from health care and health research facil-

ities and associated laboratories. The different
types of HCWs and examples of each type are presented
in Table 1. Most HCWs are “communal waste”—solid
wastes generated from administrative, housekeeping,
kitchen-related, and maintenance operations of health
care facilities. Such waste can usually be dealt with
through the local solid waste management system. Other
HCWs are sharps and wastes with infectious, hazardous,
radioactive, or genotoxic characteristics that are poten-
tially hazardous to humans and the environment. These
more dangerous HCWs—called “biomedical wastes”
(BMWs) in India—constitute only a small fraction of the
total waste stream, but their presence demands careful
management. Defining, identifying, and separating
BMWs from communal wastes is central to the proper
management of HCWs.

Exposure and Risks from

Biomedical Wastes

Sources of BMWs in health care facilities include wards,
delivery rooms, operating theaters, emergency and out-
patient services, laboratories, and pharmaceutical and
chemical stores. Persons at risk of exposure include
health care facility employees (doctors, nurses, health care

assistants, maintenance personnel, and support personnel

for waste handling, transportation, and laundry), patients
and their visitors, and waste management facility
employees and scavengers.

Infectious wastes containing potentially harmful
micro-organisms can infect hospital patients, health care
employees, and patients’ visitors. Used needles, syringes,
and other sharps present risks of injury and infection (for
example, hepatitis B and C, and HIV) for health care
employees. Chemical and pharmaceutical wastes may
cause intoxication or injuries such as burns. Genotoxic
wastes are hazardous and may have mutagenic,' terato-
genic,” or carcinogenic properties. Radioactive sources
may cause severe injuries to humans such as destruction of
tissue. Untreated liquid wastes from health care facilities
and sewerage present risk of surface water contamination,
and leachate from untreated or improperly treated HCW:s
may contaminate groundwater at disposal sites.

Improper disposal of BMWs in open dumps
increases the risk of injury from sharps and the spread of
infectious diseases to waste handlers and scavengers, and
uncontrolled burning of BMWs increases the risk of
exposure to hazardous emissions. In addition, poorly
designed or operated BMW incinerators pose health and
environmental risks to incinerator operators and nearby
communities. Such incinerators may emit carcinogenic
dioxins and furans,” formed through incomplete com-

bustion at low temperatures of BMWs containing

1. A mutagen is an agent that can induce or increase the frequency of a mutation in an organism.

2. A teratogen is an agent that causes malfunction of an embryo or a fetus.

3. Dioxins and furans are polychlorinated hydrocarbons.
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Table 1. Overview of the Types of Health Care Wastes

Types of Health Care Wastes Examples

Communal waste? (solid wastes that are
not infectious, chemical, or radioactive)

Biomedical wastesP

Infectious waste (wastes suspected of
containing pathogens)

Anatomical waste
Sharps
Pharmaceutical waste
Genotoxic waste

Chemical waste

Cardboard boxes, paper, food waste, plastic and glass bottles

Cultures, tissues, dressings, swabs, and other blood-soaked items; waste
from isolation wards

Recognizable body parts

Needles, scalpels, knives, blades, broken glass

Expired or no longer needed medicines or pharmaceuticals

Wastes containing genotoxic drugs and chemicals (used in cancer therapy)

Laboratory reagents, film developer, solvents, expired or no longer needed

disinfectants, and organic chemical wastes (for example, formaldehyde,

phenol-based cleaning solutions)

Heavy metal waste

Pressurized containers

Batteries, broken thermometers, blood pressure gauges

Aerosol cans, gas cylinders (that is, anesthetic gases such as nitrous oxide,

halothane, enflurane, and ethylene oxide; oxygen, compressed air)

Radioactive waste

Unused liquids from radiotherapy; waste materials from patients treated

or tested with unsealed radionuclides

a. Also known as “general health care wastes.”

b. Also known as “hazardous health care wastes,” “health care risk wastes,” or “special wastes.”

Source: Priiss, Giroult, and Rushbrook 1999.

chlorine-based components (such as polyvinyl chloride
or sodium hypochlorite) and organic materials.*
Emissions of particulate matter containing heavy metals
(for example, cadmium, lead, and mercury) increase the
risk of neurotoxic and carcinogenic effects. Acid gases
(for example, hydrogen chloride and sulfur dioxide) can
cause eye and respiratory irritation as well as environ-
mental damage (acid rain) and material damage (corro-

sion of metals).

Health Care Waste Management Efforts
Systematic efforts to mitigate risks associated with
HCWs are fairly recent. In the United States, public out-

cry over the discovery of hypodermic needles and other
BMWs littering the New Jersey beaches in the summer
of 1988 triggered legislative measures at the federal and
state levels.” Following the U.S. trend, other industrial
and most developing countries initiated a wave of regu-
latory actions on HCW management. In South Asia, sys-
tematic efforts to mitigate the adverse impacts of BMWs
were initiated in 1995 by the Government of India. In
Bangladesh, although HCW management has been
addressed through specific projects since 1999, the legal
framework is not yet established. In Sri Lanka, despite a
late start, a strong basis was created for a legislative frame-
work in 2001.

4. Temperatures between 200°C and 400°C are most conductive to forming dioxins and furans.

5.The U.S. Government enacted the Medical Waste Tracking Act in November 1988, and the U.S. Environmental Protection Agency prom-

ulgated the Standards for the Tracking and Management of Medical Wastes in 1989; subsequently, states passed their own health care waste manage-

ment legislation.



CHAPTER 2

A National Legal Framework for
Managing Health Care Wastes

ndia was the first country in South Asia to establish a
Ilegal framework for the management of health care

wastes. The development of India’s legal framework
began in 1995. At that time, the scope of the HCW prob-
lem was rather large. According to the Central Pollution
Control Board (CPCB)—the technical arm of India’s
Ministry of Environment and Forests—an estimated 150
tons/day of biomedical waste generated from health care
facilities were being mixed in with communal wastes
without adequate attention to proper waste management
procedures (CPCB 2000).

In 1995, India’s Ministry of Environment and Forests
drafted rules for managing BMWs that proposed (a) that
each health care facility with more than 30 beds or serv-
ing more than 1,000 patients per month install an incin-
erator on its premises; and (b) that smaller health care
facilities set up a common incinerator facility. Shortly
thereafter, in March 1996, the Supreme Court directed
the Government of India to install incinerators at all hos-
pitals in the New Delhi area that had more than 50 beds.
Sixty incinerators were installed in the New Delhi area,
and 26 of them are still in service. Only one of these
incinerators meets today’s national norms—an incinera-
tor at RML Hospital that was re-engineered by CPCB.

Meanwhile, in 1995, Srishti, a nongovernmental
organization (NGO), had taken a survey that revealed
unsanitary practices and associated risks in dealing with
HCWs in India. In 1996, Srishti initiated public interest
litigation against the government that led the Supreme
Court to revise its initial position for incineration at
health care facilities by ordering India's Central Pollution

Control Board (CPCB)—the technical arm of the
Ministry of Environment and Forests—to consider alter-
native and safer technologies in HCW management rules
and to set up technology standards.

A major drawback of incineration is that it produces
toxic air emissions. The principal pollutants in terms of
public health are heavy metals (such as cadmium, mercu-
ry, and lead), hazardous by-products from combustion
(such as dioxins and furans), and particulate matter. Srishti
asked the Supreme Court to require alternative and safer
technologies in the rules and the setting up of standards
for these alternative technologies.

At Srishti’s urging, India’s Supreme Court revised its
initial position and ordered CPCB to consider alternative
BMW treatment and disposal technologies. Between
1996 and 1998, while CPCB was evaluating alternative
technologies, there were intensive consultations among
government officials, health care representatives, scientists,
members of the industry, and NGOs. The culmination of
all these efforts was the preparation and publication by
India’s Ministry of Environment and Forests of the
Biomedical Waste (Handling and Management) Rules of
1998. Those rules are discussed further below.

The Biomedical Waste Rules of 1998

India’s Biomedical Waste Rules of 1998, which were
amended twice in 2000, are based on the principle of
segregation of communal waste from BMWs, followed by
containment, treatment, and disposal of different cate-
gories of BMW (Box 1).The rules classity BMWs into 10

categories and require specific containment, treatment,
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Box 1. Main Features of India’s Biomedical Waste Rules of 1998 (amended twice in 2000)

In 1998, India’s Ministry of Environment and Forests pre-
pared and issued the Biomedical Waste (Handling and
Management) Rules. The main features of the current rules

are summarized here and in the table below:

Definition of biomedical waste. Any waste that is generat-
ed during the diagnosis, treatment, or immunization of
human beings or animals, or in research activities pertain-
ing to or in the production or testing of biologicals.
Application of the Biomedical Waste Rules. The rules
apply to all persons who generate, collect, receive, store,
transport, treat, dispose, or handle BMWs in any form.
Duty of occupier (operator). It is the duty of the occupier
(operator) of a health care facility—that is, hospital, nurs-
ing home, clinic, dispensary, veterinary institution, animal
house, pathological laboratory, blood bank—to ensure
that BMWs are handled without any adverse effect to
human health and the environment, and according to the
prescribed treatment and disposal requirements in the
Biomedical Waste Rules.

Prescribed authority. State Pollution Control Boards
(SPCBs) in states and Pollution Control Committees in
territories are responsible for permitting and enforcing
the requirements of the Biomedical Waste Rules.
Permitting. Each occupier (operator) handling BMWs and
providing services to 1,000 or more patients per month is

required to obtain a permit from the prescribed authority.

Recordkeeping. Each occupier (operator) is required to
maintain records on the generation, collection, reception,
storage, transportation, treatment, and disposal of BMWs.
All records are subject to inspection and verification by
the prescribed authority at any time.

Accident reporting. Each occupier (operator) is required to
report any accident related to the management of BMWs.
Annual reporting. Each occupier is required to submit an
annual report to the prescribed authority to provide
information about categories and amounts of wastes gen-
erated and treated, and modes of treatment.

Common disposal/incineration sites. Local public entities
are required to provide common disposal/incineration
sites, and the occupiers (operators) of such sites are
required to comply with the Biomedical Waste Rules.
Segregation, packaging, transportation, and storage.
BMWs are not to be mixed with other waste. According
to the Rules, BMWs are to be segregated into labeled
bags/containers. Transportation of BMWs is to be con-
ducted in authorized vehicles. No untreated waste is to be
stored more than 48 hours, unless special permission is
obtained from the regulatory authorities.

Standards. Technology and discharge standards for inciner-
ation, autoclaving, microwaving, liquid waste discharges,
and deep burial are prescribed in the Biomedical Waste
Rules.

No. Biomedical waste category Container color Treatment/disposal option
1 Human anatomical waste Yellow Incinerationd/Deep burialP
2 Animal waste Yellow Incineration?/Deep burialb
3 Microbiology and biotechnology waste Yellow Incineration?/Autoclaving/Microwaving
(infectious wastes from laboratory) Red
4 Waste sharps (for example, needles, Blue/White translucent  Disinfection/Mutilation/Autoclaving/
syringes, scalpels) Microwaving
5 Discarded medicines and cytotoxic drugs — Black Incineration/Destruction and secure
landfilling
6  Soiled waste (items contaminated with Yellow Incineration?®/
blood or body fluids such as cotton Red Autoclaving/Microwaving
dressings, beddings)
7 Solid waste (for example, tubing, Blue/White Disinfection by chemical treatment/
catheters, intravenous sets) translucent/Red Autoclaving/Microwaving
8 Liquid waste (from laboratory, washing, — Disinfection by chemical treatment and
cleaning, housekeeping, disinfecting) discharge into drains
9 Incineration ash Black Municipal landfilling
10 Chemical waste Black Chemical treatment and discharge into drains

for liquids, and secured landfills for solids

a. There will be no chemical pretreatment before incineration. Chlorinated plastics will not be incinerated.

b. Deep burial is allowed only in cities with population less than 500,000 and in rural areas.

Source: Ministry of Environment and Forests 1998.




and disposal methods for each waste category. An
overview of the BMW treatment and disposal technolo-
gies specified in the Biomedical Waste Rules is presented
in Box 2. BMW treatment options include autoclaving,
microwaving, incineration, and chemical treatment; in
addition, hydroclaving has been approved by CPCB as an
alternative treatment technology. BMW disposal options
include deep burial and secure and municipal landfilling
for solid wastes, and discharge into drains (after chemical
treatment) for liquid wastes.

India’s Biomedical Waste Rules are similar to those in
international practice, although they have some internal
inconsistencies and deviate in some respects from the pro-
cedures the World Health Organization (WHO) recom-
mends for managing HCWs. Appendix A highlights some
of the similarities and differences between India’s rules
and the 1999 WHO guidelines for the safe management
of HCWs (Priiss, Giroult, and Rushbrook 1999).

National Guidelines for

Implementing the Biomedical

Waste Rules

Each state or territory in India is responsible for imple-
menting India’s Biomedical Waste Rules, and State
Pollution Control Boards in states or Pollution Control
Committees in the territories are designated as the pre-
scribed authorities. Although environmental standards
and guidelines for the management of BMWs were
developed by India’s CPCB in 1996 (CPCB 1996), these
were merely technical standards for technology options
for health care facilities.

In 2000, CPCB published a manual on hospital
waste management that provided technical guidance for
carrying out India’s Biomedical Waste Rules in the areas
of HCW segregation, storage, transport, and treatment
(CPCB 2000). The CPCB manual gave special emphasis
to BMW incineration, covering incinerator emissions,
maintenance requirements, operational problems and
solutions, and pollution control systems. Suggestions
regarding common waste treatment facilities (CWTFs)
for BMW treatment were also included in the manual.

CPCB’s manual was informative, but it was not
comprehensive enough to cover all aspects of India’s
Biomedical Waste Rules, such as sharps management,
handling of infectious liquid wastes, minimization of
BMW generation, training of health care facility employ-
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ees, and recordkeeping and monitoring procedures. As
discussed below, a positive development is that CPCB has
recently issued two sets of draft guidelines, one set per-
taining to the treatment of BMWs at CWTFs (CPCB,
n.d.-a) and the other pertaining to the design and con-
struction of BMW incinerators (CPCB, n.d.-b).

CPCB’s recent draft guidelines on CWTFs set out
requirements for the location, land size, coverage area (in
terms of the maximum number of beds served), treatment
equipment, and infrastructure setup of the CWTF; collec-
tion and transportation of BMWs, and disposal of treated
BMWs; and other operational issues. The listed technolo-
gies in the draft guidelines include those prescribed in the
Biomedical Waste Rules, plus hydroclaving. The draft
guidelines’ prescriptions are not always well justified. For
example, the minimum coverage of each CWTF is set at
10,000 health care facility beds, without consideration for
local conditions such as the geographical dispersion of the
health care facilities; the suggested land area for each
CWTF is 1 acre, but no basis for this suggestion is pre-
sented. In addition, the draft guidelines propose a 150-
km-radius operational area, which would cover health
care facilities in rural areas. This proposal becomes more
important in the current debates around sharps wastes
from immunization in India as the new types of autodis-
posable plastic syringes are being characterized as safer
options than glass syringes. Moreover, CPCB’s draft guide-
lines appear to be prescriptive on the waste management
charge scheme® instead of letting the optimum scheme
develop on the basis of experience gained in India.

CPCB’s recent draft guidelines for BMW incinera-
tors include requirements for the incinerator design and
its air pollution control device, physical structures (incin-
eration and waste storage rooms), operator qualifications,
personal protection equipment, and emergency proce-
dures (Box 3). These guidelines restrict incineration of
BMWs only at CWTFs, with the exception of on-site
incineration upon special approval by CPCB. The draft
guidelines’ strong bias against on-site incineration at
health care facilities is a major deviation from the
Biomedical Waste Rules, which are equally applicable to
the on-site and CWTF incinerators. It is clear that the
new emphasis reflects the recent findings about the poor
design and operating conditions of on-site incineration
equipment at health care facilities in India vis-a-vis the
requirements of the Biomedical Waste Rules.

6. The proposed scheme is based on a health care facility’s estimate of the daily generation of BMW (which is provided to the SPCB while

obtaining authorization), followed by a one-month tracking period of each health care facility’s waste generation by the CWTF operator.
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Box 2. Biomedical Waste Treatment and Disposal Technologies

Specified in India’s Biomedical Waste Rules

Incineration. Incineration is a high-temperature oxidation
process that involves combustion of the organic portion
of BMW components, producing gaseous emissions and
inorganic solid residues (ash). These emissions include steam,
carbon dioxide, nitrogen oxides, particulate matter, and toxic
substances (for example, metals, halogenic acids). In addition,
under suboptimal combustion conditions, carbon monoxide
and hazardous pollutants such as dioxins and furans may be
emitted. Incineration significantly reduces waste volumes
(typically 85 to 95 percent), and eliminates pathogens from
BMWs. Incineration is not suitable for such health care
wastes as pressurized gas containers, large amounts of reactive
chemical wastes, wastes treated with halogenated chemicals,
halogenated plastics such as polyvinyl chloride, wastes with
mercury or cadmium (such as broken thermometers, used
lead or mercury batteries), or radiographic wastes.
Incinerators that meet the CPCB draft incineration regu-
lations must have a sophisticated (for example, double-
chamber) design and include a scrubber as the air pollution
control equipment. Ash from these incinerators must be dis-
posed of in a secure landfill. Such incinerators are associated
with high investment and operating costs and require highly

skilled operating personnel.

Autoclaving. Autoclaving uses saturated steam in direct con-
tact with the BMW in a pressure vessel at time lengths and
temperatures sufficient to kill the pathogens. The Biomedical
Waste Rules specity the minimum temperature, pressure, and
residence time for autoclaves for safe disinfection. Autoclaving
is not suitable for human anatomical, animal, chemical, or
pharmaceutical wastes. Before autoclaving, BMWs require
shredding to an acceptable size, an operation that would
involve frequent breakdown. Autoclaving produces a waste
that can be landfilled with municipal waste. A wastewater
stream 1is generated that needs to be disposed of with appro-
priate controls. Autoclave operation requires qualified techni-

cians, and medium investment and operating costs.

Hydroclaving is similar to autoclaving except that the BMW
is heated indirectly through the outer jacket of the vessel.
The BMW is continuously tumbled in the chamber during

the process.

Microwaving. Application of an electromagnetic field over
the BMW provokes the liquid in the waste to oscillate and
heat up, destroying the infectious components by conduc-
tion. This technology is effective if the ultraviolet radiation

reaches the waste material. Before microwaving, BMWs

require shredding to an acceptable size and humidification.
Microwaving is not suitable for human anatomical, animal,
chemical, or pharmaceutical wastes, or for large metal parts.
Microwaving produces a waste that can be landfilled with
municipal waste. The advantages of this treatment technolo-
gy are its small electrical energy needs and no steam require-
ment. The disadvantages include the need for qualified tech-
nicians and frequent breakdown of shredders. This technolo-

gy requires medium investment and operating costs.

Chemical disinfection. Addition of strong oxidants—like
chlorine compounds, ammonium salts, aldehydes, or phenol
compounds—kills or inactivates pathogens in the BMW.
Chemical disinfection is most suitable for treating liquid
wastes such as blood, urine, stools, or health care facility
sewage. However, microbiological cultures, mutilated sharps,
or shredded solids can also be treated by chemical disinfec-
tion. Disinfection efficiency depends on such factors as the
type and amount of chemical used, and the extent and dura-
tion of contact between the disinfectant and the BMW. To
enhance the contact, shredding of solid BMW would be
needed. As chemical disinfectants have hazardous (in particu-
lar, toxic) properties, users should wear protective clothes.
Chemical disinfectants should not be discharged to surface

waters, and no large quantities should be allowed into sewers.

Deep burial. The Biomedical Waste Rules require that
human anatomical and animal wastes in cities with popula-
tion less than 500,000 and in rural areas be disposed of by
deep burial. Accordingly, the deep burial site should be pre-
pared by digging a pit or trench of about 2 meters deep in
an area that is not prone to flooding or erosion, and where
the soil is relatively impermeable, there are no inhabitants or
shallow wells in the vicinity, and the risk to surface water
contamination is remote. The pit should be half-filled with
the BMW, then covered with lime within 50 cm of the sur-
face, before filling the rest of the pit with soil. On each occa-
sion when BMW is added to the pit, a layer of 10 cm of soil

should be added to cover the waste.

Secure landfilling. Secure landfilling involves disposal of solid
BMWs at a landfill designed and operated to receive haz-
ardous wastes. The Biomedical Waste Rules require disposal
of discarded medicines, cytotoxic drugs, solid chemical

wastes, and incineration ash in secured landfills.

Municipal landfilling. Municipal landfilling involves disposal
of communal HCWs and disinfected solid BMWs at a land-

fill designed and operated to receive municipal solid waste.
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Box 3. Incineration of Health Care Wastes in India

In recent years, growing public concern about toxic air emis-
sions has led to more stringent incineration technology stan-
dards around the world to reduce pollutants of concern to
public health, including heavy metals (such as cadmium,
mercury, and lead), hazardous byproducts from combustion
(such as dioxins and furans), and particulate matter. The
newer incineration technology standards have tightened the
incinerator design and operating parameters and imposed
monitoring and recording requirements for certain operating
parameters and pollutant discharges. The newer standards
make incineration a more costly and complex technology
that requires specially trained operating personnel. These
standards have led the United States and several European
countries (for example, the United Kingdom, Germany,
Austria, Belgium, France) to shift away from small-scale
incineration of BMWs at health care facilities and to use
alternative technologies such as autoclaving or microwaving,
which are more cost-effective and reliable to operate.

Incineration is one of the BMW treatment and dispos-
al technologies that is covered by India’s Biomedical Waste
Rules of 1998 (amended twice in 2000). In 2000, the NGO
Srishti conducted a survey of the status of operating inciner-
ators in India and presented the results to the Ministry of
Environment and Forests and its technical arm—CPCB.The
results indicated that most of the on-site incinerators at
health care facilities in India were not in compliance with
the Biomedical Waste Rules.

This finding led CPCB to issue draft guidelines allow-
ing incineration only at CWTFs unless a special permit for
on-site incineration is obtained from CPCB. The draft
guidelines for BMW incinerators specify the design criteria
for the incinerator and the associated air pollution control
device, as well as the minimum requirements (in terms of
training, personal protection equipment, emergency proce-
dures) for the incinerator operator. The main features of the

incinerator design criteria include the following:

* A minimum capacity of 50 kg/hour with high-pressure
Venturi scrubbing system for air pollution control
(rotary kiln design may be used for capacities above 250
kg/hour)

* Double-chamber design with “controlled air” incinera-
tion principle to minimize particulate emission (with 100
percent excess air for the overall design)

* Minimum temperature of 800x50°C in the primary
chamber and 1,050£50°C in the secondary chamber

* Circular design for primary and secondary chambers (to
minimize formation of air pockets observed in rectangu-
lar designs)

* A minimum of 1 sec. residence time in the secondary
chamber

* A minimum negative draft of 0.05 to 0.1 inch of water
column in the primary chamber to avoid leakage of
gaseous emissions from the chamber (safety precaution)

* Charging of BMW into the incinerator through a con-
veyor or loading device (instead of manual handling) to
ensure that there is no direct exposure of the operator to
the furnace atmosphere

* Computerized programmable logic control (PLC) for the
charging system to maintain specified temperatures in the
primary and secondary chambers, to ensure complete
combustion of the previous batch, and to avoid unsafe
operating conditions

* Emergency bypass stack

*  Graphic or computer recording devices to automatically
and continuously monitor and record dates, time of day,
load identification number, and operating parameters such
as temperatures in both chambers, and CO and CO, in
gaseous emissions throughout the duration of the inciner-
ation cycle

* Refractory lining of the primary and secondary chambers
to sustain a minimum temperature of 1,000°C and

1,200°C, respectively.

Source: CPCB n.d.-b.

National Training and

Coordination with States

India’s Ministry of Environment and Forests has spon-
sored training programs through the Indian Institute of
Technology for SPCB officials to receive training related
to BMW recycling, treatment, and disposal. In addition,

an international workshop on HCW management was
held in New Delhi, and national workshops were held in
large cities like Mumbai, Bangalore, Hyderabad and
Jaipur.The benefits from such meetings can be seen in the
role played by participants in influencing CPCB decisions

on drafting the guidelines for CWTFs and incinerators.
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India’s central government could play an important
role in providing leadership to the states, particularly in
the assessment of treatment technologies for implement-
ing the national BMW legislation and facilitating infor-
mation sharing across the states. A recent review by the
World Bank of HCW management programs in selected
states of India found that comparative testing of autoclave
and microwave technologies for the treatment of infec-
tious wastes was conducted in the states of Andhra
Pradesh and Punjab. In both states, the conclusion was
that autoclave technology was preferred over microwave
technology for environmental, operational, and cost rea-
sons. This finding illustrates the need for states to share
their professional experiences in order to learn from each
other and avoid duplication of effort.

Modern tools such as the Internet could be useful
for public access to HCW management information

to foster public awareness and create public pressure
for compliance. The Web sites hosted by the Ministry
of Environment and Forests and CPCB could be
used more effectively to disseminate information
on national programs and to coordinate HCW man-
agement activities implemented in different states.
These Web sites, in addition to posting currently
available regulations and guidelines, could include
announcements about national or regional training pro-
grams on HCW management, as well as information
about the compliance status, research programs, and
highlights of implementation of the HCW manage-
ment activities in the states. Such information would
enable states to keep abreast of new developments
throughout the country and to strengthen their state
policies and programs on the basis of lessons learned
from others.



CHAPTER 3

State Strategies and Activities Related to
Health Care Waste Management

As noted earlier, the responsibility for implementing the
Biomedical Waste Rules in India rests with individual
states and territories, and the prescribed authorities are
SPCBs in states and Pollution Control Committees in
territories. Each state is required to constitute an adviso-
ry committee to advise the state government and the
SPCBs about implementing the rules. Constituting such
a committee requires close coordination and participa-
tion at the state level among state environmental and
health agencies, local authorities, health care facility rep-
resentatives, academia, and NGOs.

Ideally, implementation of the Biomedical Waste
Rules at the state level includes (a) the development of a
state strategy for HCW management, (b) the preparation
of state HCW management guidelines, (c) the provision
of state assistance to government health care facilities, and
(d) state enforcement of regulatory requirements.
Developments in the states with respect to each of these
areas are discussed below.

State Strategies for Health Care

Waste Management

State authorities in India have made several strategic
decisions pertaining to HCW management. One deci-
sion was how to refine the technology options included
in the Biomedical Waste Rules. Although the rules list

incineration as an option for certain categories of BMW,’
concerted efforts by NGOs—including Srishti, Toxic
Link, and Jyotsna Chauhan Associates—and the press
have convinced some SPCBs to rule out the use of on-
site incineration.

In the State of Andhra Pradesh, for example, where
most health care facilities are in the heart of cities, the
Andhra Pradesh Pollution Control Board prohibited
incineration at health care facilities in the entire state
after considering the potential adverse impacts of pollu-
tant emissions from substandard incinerators. The Kerala
Pollution Control Board recently opted for autoclaving
and deep burial of BMWs instead of incineration. The
Tamil Nadu Pollution Control Board has banned incin-
eration of BMWs—except for body parts and human tis-
sues—in favor of autoclaving and sanitary landfilling.

National and state authorities have made some tech-
nology choices for HCW management taking into
account human health impacts in urban and rural areas.
The Biomedical Waste Rules specify that incineration is
the disposal scheme required for human anatomical and
animal wastes for cities with population greater than
500,000, and deep burial is the disposal scheme required
for such wastes for smaller cities and rural areas. In the
State of Karnataka, however, because of the poor per-

formance of incinerators at health care facilities, on-site

7.The Biomedical Waste Rules list as options incineration of human anatomical waste (BMW Category 1) and incineration of animal waste
(BMW Category 2) in population centers of more than 500,000 habitants, and incineration of discarded medicine and cytotoxic drugs (BMW

Category 5).
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incineration has been prohibited within the limits of six
city municipal corporations® and in all district headquar-
ters. Of these locations in Karnataka, where the popula-
tion exceeds 500,000, destruction of human anatomical
and animal wastes is to be accomplished by incineration
only at CWTFs to comply with both the Biomedical
Waste Rules and state requirements. Bangalore, Hubli-
Dharwad, and Mysore comply with this requirement,
but in Mangalore, human anatomical and animal wastes
are currently disposed of by deep burial.’ In Andhra
Pradesh, state authorities have selected deep burial as the
disposal scheme for biodegradable infectious wastes' in
areas with a population less than 500,000. This approach
is not in compliance with the Biomedical Waste Rules,
which require local autoclaving, microwaving, or incin-
eration instead of deep burial, but it is in accordance with
the 1999 WHO guidelines for the safe management of
wastes from health care activities (Pruss, Giroult, and
Rushbrook 1999).

Another strategic decision for state authorities in
India was whether to opt for on-site treatment of BMWs
or common treatment of BMWs. Common treatment of
BMWs offers several advantages. First, a CWTF can be
located away from hospital premises and urban areas, sig-
nificantly reducing the potential adverse human health
impacts. Second, a CWTF reduces treatment and dispos-
al costs by treating large quantities of wastes collected
from many facilities (that is, it offers economies of scale),
although the savings must be balanced by the additional
transportation costs from all the facilities to the CWTE"
Third, a CWTF can employ specially trained personnel
who could not be easily supported by individual health
care facilities, resulting in better and more efficient oper-
ation. Fourth, the permitting, monitoring, and enforce-
ment efforts by regulatory agencies of one CWTF are
likely to be fairly effective.

Nonetheless, there are challenges associated with a
common treatment of BMWs. A CWTF approach
imposes a direct financial burden on the operators of
health care facilities, who previously paid minimal

amounts for services associated with waste management.
It also requires operational and behavioral changes by the
operators of health care facility operators, who must
properly segregate wastes into the types of BMW accept-
ed by the CWTF operator. A more important concern is
the difficulty of ensuring continued involvement of the
private sector in a CWTF when the market is uncertain
because of the absence of a culture of compliance and a
weak enforcement regime.

India’s central government views common waste
treatment as the most appropriate approach to the treat-
ment of BMWs generated in urban areas. Andhra Pradesh
was the first state to devise and implement a CWTF
scheme (Box 4). Initially, resistance to the scheme arose
from doctors who were unwilling to accept a CWTF
approach for the “Twin Cities” area of Hyderabad and
Secunderabad and objected to the charges required for
BMW treatment and disposal. Workshops were held with
doctors and other facility staff to overcome their resist-
ance, and mass awareness campaigns were conducted in
Andhra Pradesh about the need for safe BMW treatment
and disposal. Two privately owned CWTFs were set up
in the state to treat BMWs from Hyderabad and
Warangal Districts, using the same types of technologies
(incineration and autoclaving) (Onursal and Setlur 2002).

The successful model for a privately owned and
operated CWTF used in Andhra Pradesh was subse-
quently emulated in other states—including Karnataka,
Mabharashtra, Punjab, Rajasthan, Tamil Nadu—and plans
for similar CWTFs have recently been adopted in the
States of Gujarat, Kerala, New Delhi, Uttar Pradesh, and
‘West Bengal.
¢ Karnataka. In Karnataka, two CWTFs—one in north

and the other in south Bangalore— have been operat-
ing using incineration and microwave technologies to
serve about 6,000 beds in the city."” Another CWTF
in Mysore, which uses the incineration and autoclave
technologies, was commissioned for 67 health care
facilities with 7,000 beds."” Two additional CWTFs,
both based on the incineration technology, were com-

8.These six municipal corporations are in the cities of Bangalore, Belgaum, Gulbarga, Hubli-Dharwad, Mangalore, and Mysore. Of these cities,

Bangalore, Hubli-Dharwad, Mangalore, and Mysore have a population exceeding 500,000.

9.A CWTF project is underway for Mangalore.

10. Biodegradable infectious wastes are called “soiled wastes” (BMW Category 6) in the Biomedical Waste Rules.

11. In India, the capital cost of on-site treatment of BMWs for a 100-bed facility is reported to be about Rs. 1.4 million (about US$28,000),
or Rs. 14,000/bed (about US$280/bed). The capital cost of a CWTF handling BMWs from 10,000 beds is reported to be about Rs. 15 million
(about US$300,000), or Rs. 1,500/bed (about US$30/bed). In a study by the NGO Srishti, the breakeven cost between on-site treatment and off-
site CWTF treatment is found to correspond to catering about 1,000—1,500 beds.

12. The CWTF in South Bangalore by Maridi Eco Industries was commissioned in August 2001, and the CWTF in North Bangalore by

Medicare Incin. Pvt. Ltd was commissioned in September 2001.

13.The CWTF in Mysore by Shree Consultants was commissioned in August 2002.
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Box 4. Comparison of Biomedical Waste Management Strategies in Two States:

Andhra Pradesh and Kerala

The State of Andhra Pradesh and the State of Kerala have
adopted somewhat different strategies for managing BMWs.

The key features of their strategies are summarized below.

State of Andhra Pradesh

The BMW management strategy in Andhra Pradesh has

several features:

* For the Twin Cities of Hyderabad and Secunderabad,
health care facilities are required to segregate their wastes
according to the Biomedical Waste Rules for transporta-
tion to CWTFs that treat and dispose of segregated
BMWs. There are a total of 20,000 beds in 400 health care
facilities in the Twin Cities area.

* For Visakhapatnam or other cities with populations
greater than 300,000, a scheme similar to that used for
health facilities in the Twin Cities is anticipated. As an
interim measure, untii CWTFs become available, the
Andhra Pradesh Pollution Control Board requires health
care facilities to segregate and disinfect their wastes
according to the Biomedical Waste Rules, then hand over
the segregated wastes to the municipal corporations for
disposal. During August and September 2001, the Andhra

Pradesh Pollution Control Board gave permits for the

establishment of two additional CWTFs, one in
Visakhapatnam and the other in Vijayawada.

» For health care facilities located in areas with populations
less than 300,000 and with adequate space within their
premises to set up treatment facilities, disinfection of
BMWs followed by deep burial is required.

State of Kerala

In Kerala, the BWM management strategy applies to the

entire state. At least one CWTF is envisioned for each of the

four identified regions that include the following districts:

* Region 1: Alappuzha, Kollam, Pathanamthitta, and
Thiruvananthapuram. There are a total of 38,474 beds in
873 health care facilities in this region.

* Region 2: Ernakulam, Idukki, and Kottayam. There are a
total of 34,171 beds in 788 health care facilities in this
region.

* Region 3: Malappuram, Palakkad, and Thissur. There are
a total of 20,604 beds in 557 health care facilities in this
region.

* Region 4: Kannur, Kassargod, Kzhikode, and Wayanad.
There are a total of 21,536 beds in 599 health care facili-

ties in this region.

Sources: Andhra Pradesh: Onursal and Setlur 2002. Kerala: Government of Kerala Directorate of Health Services n.d.

missioned recently in Belgaum and Hubli-
Dhardwad." Three additional CWTFs are going into
place in Karnataka at Gulbarga, Mangalore, and
Shimoga. All the CWTFs in Karnataka are located
away from the city limits, with transportation of
BMWs provided by the CWTF operator.

e Maharashtra. In Maharashtra, there are CWTFs in
Mumbai, Pimpri Chinchwad, Pune, and Thane. Some
of these operate only incinerators, and others inciner-
ators along with autoclaves. In addition, procurement
is underway for a CWTF in Navi Mumbai.

* Punjab. In Punjab, a CWTF was designed to treat
and dispose of BMWs from health care facilities total-

ing 7,000 beds in the Ludhiana area. In response to
subsequent protests by some health care facility man-
agers concerned about the level of BMW manage-
ment charge, however, the Punjab Pollution Control
Board allowed them to dispose of their BMWs
according to their choice, provided that the disposal is
performed in compliance with the requirements of
the Biomedical Waste Rules.

* Rajasthan. In Rajasthan,a CWTF was commissioned
for BMWs from health care facilities in the Jaipur area.

e Tamil Nadu. In Tamil Nadu, CWTFs are in opera-
tion for 58 health care facilities in the Salem area and
78 health care facilities in the Madurai area.

14. The CWTF in Belgaum by Belgaum Doctors’ Association was commissioned in February 2003, and the CWTF in Hubli-Dharwad was

commissioned in July 2003.
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e Kerala. In Kerala, the state’s BMW management
strategy involves use of CWTFs in the entire state—
for rural as well as urban health care facilities. At least
one CWTF is envisioned for each of the four speci-
fied regions (Box 4).

State Guidelines for Health Care

Waste Management

Although SPCBs are the designated regulatory authori-
ties for the Biomedical Waste Rules in the states, state
health departments have the leading role in assisting gov-
ernment health care facilities to comply with the sched-
ules in the rules. A few state health departments in India
have prepared guidelines to facilitate implementation of
the rules at government hospitals.

An initial review of some of the early state guide-
lines reveals that these documents do not incorporate
state HCW management strategies, are inconsistent with
the Biomedical Waste Rules, have internal inconsisten-
cies, and do not provide clear and detailed instructions
for implementation. An important current need, there-
fore, is to improve the quality of these guidelines and
identify good practices for dissemination across states.

The state guidelines prepared for the Vaida Vidhana
Parishad Hospitals in Andhra Pradesh and the secondary-
level hospitals in Karnataka, for example, have a number
of shortcomings. They do not incorporate the state strate-
gies for HCW management; they are in some respect
inconsistent with the Biomedical Waste Rules (which are
themselves internally inconsistent); they exhibit inco-
herencies among the different sections of the same docu-
ment; and they lack necessary details about management
of HCWs. In addition, these state guidelines were issued
more than two and a half years after the notification of the
Biomedical Waste Rules and more than a year later than
the compliance schedule indicated in the Biomedical
Waste Rules for highest-priority health care facilities.
Because of their late publication and possible misinterpre-
tation of HCW management requirements, these guide-
lines are of limited value and require updating.

State Assistance to Government Health
Care Facilities

While private hospitals in India must comply with the
requirements of the Biomedical Waste Rules using their
own resources, the government health care facilities have
received assistance from their respective states. Some
specific examples of HCW management program imple-

mentation activities under the World Bank—financed

projects are discussed below (Onursal and Setlur 2002).
State health departments in Andhra Pradesh, Karnataka,
Mabharashtra, Orissa, Punjab, and West Bengal have pro-
vided government hospitals with assistance in the areas of
HCW auditing and training of state health officers and
hospital staft under the World Bank—financed projects;
they also have financed supplies and equipment for hos-
pital waste containerization (bins, bags, labels); waste
conveyance (trolleys), waste treatment (needle crushers,
autoclaves); civil works for disposal facilities at hospitals
(deep burial pits); and awareness efforts and additional
training of health care facility personnel. In some states,
hospital-specific HCW management plans were prepared
on the basis of HCW audits by consultants, on-site
disposal facilities were constructed by contractors, and
supplies and equipment were procured by suppliers.

Training for Health Care Facility Personnel
Under the World Bank—financed projects, state health
departments oftered training on HCW management pro-
cedures to government hospitals. The purpose of the
training was to create awareness and facilitate implemen-
tation of India’s Biomedical Waste Rules. The content
and duration of the training program varied with the tar-
get audience, whether this involved the administrators,
doctors, nurses, or cleaning personnel.

* Andhra Pradesh. A three-step approach was adopted
for the training program: awareness training of hospital
personnel, development of training materials, and
in-house training of hospital personnel. In each step,
priority was given to the Twin Cities (Hyderabad-
Secunderabad) hospitals, then to the 21 district hospi-
tals (with 250-350 beds), and subsequently to the 55
area hospitals (with 75-100 beds) and 84 community
health centers (with 30-50 beds). Awareness training
was provided to the key personnel of all district hospi-
tals, area hospitals, and community health centers. A
training manual prepared by Jyotsna Chauhan
Associates (Jyotsna Chauhan Associates 2000) was key
in the training of health care facility personnel.

e Karnataka. Four training modules were targeted
to different audiences at government hospitals
(medical officers, nurses, cleaning and waste handling
personnel, and patients and visitors). In addition, a fifth
module was designed for local administrators and
heads of key institutions. The key personnel at
hospitals (nursing superintendents) were first trained
by resource persons (consultants, NGOs). These key

personnel, in turn, trained the remaining staff in their
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respective hospitals (for example, nurses and cleaning
and waste handling personnel).

* West Bengal. The awareness training program
covered such waste minimization measures as the use
of nondisposable sterilized glass syringes instead of
disposable syringes, and electronic thermometers
instead of mercury thermometers. In general, medical
officers and doctors were reported to be the group of
hospital personnel who had given the least attention

to the waste management issues.

Supply of Materials for Health Care Facilities

State health departments have supplied materials for
HCW management to government hospitals in India
under the World Bank—financed projects. In Andhra
Pradesh, more than 90 percent of district hospitals were
provided with a one-year supply of HCW management
materials (colored bins and bags, trolleys, protective gear,
and so forth). In Karnataka, waste management materials
were supplied to the Bangalore and district hospitals to
coincide with the delivery of the training program. In
addition, some district hospitals were provided with nee-
dle cutters and needle crushers for testing and evaluation.
In Punjab, all government hospitals were provided with
personal protection equipment (gumboots and gloves)

and needle destroyers.

Procurement of Waste Treatment Equipment

and Disposal Facilities

The Punjab and West Bengal State Health Departments
procured autoclaves and microwaves for testing as BMW
treatment equipment. In Punjab, autoclaves were selected
on the basis of test results as the preferred technology for
installation at 35 hospitals to treat BMWs from these and
other hospitals. In West Bengal, autoclaves were installed
at three hospitals, where they continue to be used to treat
BMWs; and testing of microwaves was planned at two
hospitals. In Karnataka, Punjab, and West Bengal, deep
burial facilities for on-site disposal of sharps and soiled
wastes were constructed on hospital premises.

State Regulatory Agencies’ Enforcement
of the Biomedical Waste Rules

India’s regulatory agencies for the Biomedical Waste
Rules—SPCBs in the states and Pollution Control

Committees in the territories—are responsible for issu-

ing initial and operation renewal permits to the entities
that generate, store, transport, treat, and dispose of
BMWs. In addition, SPCBs and Pollution Control
Committees are responsible for determining health care
facilities’ compliance with the Biomedical Waste Rules.

Originally, the schedules for health care facilities to
comply with the Biomedical Waste Rules ranged from
1.5 years to 4.5 years. The schedules were based on the
type of health care facility, population size at the locality
of the health care facility, and size of the health care facil-
ity in terms of the number of beds. Hospitals and nurs-
ing homes located in cities with more than 300,000
inhabitants, along with hospitals and nursing homes in
areas with fewer inhabitants but with higher number of
beds, were given a higher priority than others—and
therefore less time to comply.

As implementation of the Biomedical Waste Rules
lagged, the rules were amended in March 2000 to post-
pone the schedule for the highest-priority health care
facilities to comply by six months—from December 31,
1999, to June 30, 2000. All health care facilities in India
were required to comply with the rules by dates ranging
from June 30, 2000, to December 31, 2002, depending
on the type and size of facility.

The States of Andhra Pradesh, Karnataka, and
Punjab were ahead of other states in terms of getting
health care facilities to comply with the schedule speci-
fied in the Biomedical Waste Rules. The Andhra Pradesh
Pollution Control Board announced that those health
care facilities that did not obtain the board’s permit by
the first deadline indicated in the Biomedical Waste
Rules would be liable for a fine of Rs. 100,000 (about
US$2,000) and/or five years of imprisonment, and Rs.
5,000 (about US$100) compounding penalty fee per day.
As a result of this announcement, a trickle of permit
applications submitted to the board subsequently grew
into a stream of applications, reaching 320 health care
facilities throughout Andhra Pradesh. Only 80 of these
health care facilities received a permit from the board to
operate by that deadline. These observations indicate
that, even with pressure from the regulatory agency, the
extent of health care facilities’ compliance was less than
satisfactory.”

Implementation of the Biomedical Waste Rules in
the State of Maharashtra—in terms of permit applications,
permit granting, and adequacy of treatment facilities—

15. In comparison, the total number of health care facilities in the Twin City area is 375. There are, of course, more health care facilities in

other parts of Andhra Pradesh that were required to comply by this deadline.
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has been slow. The Comptroller and Auditor General of
India’s 2000-01 Audit Reports (TCAG 2001) indicates
that only a small percentage (16 percent) of the 6,503 gov-
ernment and private health care facilities in Maharashtra
had submitted their permit applications (“applied for
authorization”) by December 31, 2000—a situation that
indicates major deficiencies in compliance with the
Biomedical Waste Rules. Among the defaulting health
care facilities were some large government hospitals in
Mumbai City. The report also states that approximately
one-quarter of the applicants—278 health care facilities—
were granted operating permits, and only 22 of the
permitted health care facilities had adequate facilities for
treatment of wastes. These observations indicate that the
vast majority (98 percent) of the health care facilities that

submitted permit applications lacked proper treatment
procedures and were thus generating untreated BMWs
that local agencies transported and deposited in dumping
grounds along with communal waste (TCAG 2001). The
Comptroller and Auditor General’s report (TCAG 2001)
also stated that not a single hospital of 14 district hospitals
surveyed in Maharashtra was “following safe and effective
practices in accordance with the rules, such as segregation
of waste, treatment of infectious organic, pathological
waste and sharp waste and provisions of protective meas-
ures for waste treatment. Liquid wastes were released into
the hospital drains without any treatment, which added to
the risk caused by improper solid waste disposal.” The
report indicated that an action plan was being prepared for

small, medium, and large hospitals.

16. In urban areas where the population is more than 300,000, all heath care facilities are required to comply with the Biomedical Rules by

June 30, 2000. In urban areas with less population, the compliance schedule for hospitals and nursing homes with more than 500 beds is also June
30, 2000; for hospitals and nursing homes with fewer beds, the date for compliance is December 31, 2000.



CHAPTER 4

Health Care Facilities’ Waste
Management Activities

ndia’s Biomedical Waste Rules of 1998 make the
Ioccupier (operator) of each health care facility

responsible for proper management of BMWs. Thus,
although national, state, and local regulations create a
framework and incentives for sound HCW management
in India, what is most important is the implementation of
sound waste management practices by health care facilities.

Health care facilities in India increasingly recognize
and accept the importance of incorporating good HCW
management practices in their daily operations. In fact,
this change in culture—due in part to the assistance pro-
vided to government hospitals by state health depart-
ments in the form of personnel training, HCW manage-
ment auditing, preparation of hospital-specific plans, pro-
curement of materials and supplies, and construction of
on-site disposal facilities—is one of India’s major
achievements. As discussed below, however, additional
efforts are needed to bring HCW management to the
attention of medical officers and doctors, improve hospi-
tal-specific plans, and offer refresher training so that

health care facility staff can fully internalize these plans.

Health Care Facilities’ Commitment

to Managing Wastes

Proper HCW management at a health care facility
requires full commitment by senior management and a
carefully designed HCW management organizational
structure with clearly defined responsibilities. It also
requires a good plan for HCW management. Rather
than rush ahead with a deficient plan that will require

revisions, it is advisable for hospitals in India to take

the time to develop a comprehensive HCW manage-
ment plan.

The 1999 WHO guidelines for the safe management
of waste from health care facilities recommends that
the head of the hospital chair the hospital’s HCW
management organization and name in writing a waste
management officer responsible for the development and
day-to-day implementation of a HCW management plan
for the institution. Hospital staff who should serve on the
hospitals HCW management committee, under the
waste management officer, should include the heads of
the hospital’s departments, the nursing superintendent,
the head nurse, the sanitary inspector (infection control
officer), the chief pharmacist, the radiation officer, the
supply officer, and the financial officer of the hospital
(Priiss, Giroult, and Rushbrook 1999).The exact compo-
sition of the hospital’s HCW management committee
depends on the hospital size and structure. All hospital
staff—including doctors, nurses, cleaning staff, and so
forth—involved in HCW generation and management
within the hospital premises are members of the HCW
management team.

The following mission statement of one district hos-
pital in Karnataka reflects the hospital management’s

commitment to HCW management:

“The management of this hospital is committed
to providing a comprehensive quality health
care to the community it serves, through a team
of committed professional health workers who

will keep in their mind the interest of patients
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at all times and render treatment and carry out
procedures in a clean, healthy and pleasant
hospital environment which they pledge to

s

maintain at all times.’

This district hospital in Karnataka outlined its
immediate and long-term HCW management objectives
as follows:

* “Immediate objectives:
— To ensure safe, efficient, cost-effective disposal of
hospital waste by developing a waste disposal plan
— To train hospital workers on waste management
* Long-term objectives:
— To develop strategies for reduction of waste gener-
ation in the hospital
— To create awareness among workers about healthy
hospital surroundings
— To create community awareness on environmental

issues in hospital surroundings.”

These objectives suggest a lack of clear understand-
ing by the hospital staff of what the implementation of
HCW management in a hospital requires. Awareness of
issues among hospital personnel should be created before
such personnel are trained—not after. And strategies for
reduction of waste generation in the hospital should be
developed early on as part of a waste management plan
(not a waste disposal plan)—mnot just as a long-term
objective. The district hospital in Karnataka did name a
waste management officer and form a HCW manage-
ment committee, as recommended by WHO, but it did
not make the appointments in writing and there were no
written management responsibilities for each member. A
management organization with joint responsibility for an
entire committee undermines accountability. Posting
information about the HCW management organization
at prominent places within the hospital could strengthen
the image of careful management for the entire institu-
tion. Making the entire hospital staft’ aware of the hospi-
tal’s HCW management organizational structure, with
listings of responsibilities for each member, would reflect

a well-defined, transparent management system.

Health Care Facilities’ Waste Audits

Before the Biomedical Waste Rules were required at the
institutions, HCW audits were conducted at 25 govern-
ment hospitals with 30-561 beds in three states:
Karnataka, Maharashtra, and West Bengal (Onursal and
Setlur 2002). The purpose of the HCW audits was to

determine the amount of HCW generated and the com-
position of BMW in terms of the categories specified
under the Biomedical Waste Rules at each hospital. To
allow for factors affecting fluctuations in waste genera-
tion, the HCW audits were carried out around the clock
for a period of 3-31 days.

Results from the HCW audits of the 25 govern-
ment hospitals in Karnataka, Maharashtra, and West
Bengal are shown in Table 2. As can be seen, there were
wide variations in total waste generation rates and waste
composition at different hospitals. More detailed results
from the HCW audits of these hospitals are presented in
Appendix B.

The audit results indicate that BMWs made up
19-78 percent of HCWs at these 25 hospitals. In com-
parison, in Hyderabad (Andhra Pradesh), the contribu-
tion of BMWs is reported to be 15-20 percent of HCWs
after implementation of waste management plans by
trained health care facility personnel. The data for
Hyderabad are consistent with information commonly
cited in the literature that BMWs contribute a maximum
of 20 percent of HCWs. The difference between the
audit results and other information may be attributed to
the level of segregation of BMWs from HCWs.
Personnel training at health care facilities and implemen-
tation of a hospital-specific waste management plan by
such personnel are key in proper waste segregation.

BMW generation rates depend on such factors as
waste management methods, type and specialization of
health care facilities, extent of reusable items employed in
health care, and proportion of patients treated on a day-
care basis (Priiss, Giroult, and Rushbrook 1999). The
BMW generation rates from the audited 25 hospitals
were in the range of 0.05-0.40 kg/day/bed (or
0.09-0.50 kg/day/occupied bed). These rates are similar
to those obtained through wastes audits (0.11-0.65
kg/day/bed) conducted at hospitals in Bhopal and
Kanpur (Table 3).

The HCW audits conducted in eight hospitals in
West Bengal also included determination of the compo-
sition and generation rates for communal waste. The
results for the eight hospitals, shown in Table 4, indicate
that food and vegetable wastes constituted most of the
communal waste from these hospitals (66—-84 percent).
Other constituents of the communal waste from the hos-
pitals were paper and cardboard (1024 percent), plastics
(3—12 percent), and glass (0.4—1.3 percent). The genera-
tion rates for communal waste ranged from 0.19 to 0.41
kg/day/occupied bed (or 0.13-0.37 kg/day/bed).



Chapter 4. Health Care Facilities’ Waste Management Activities 17

Table 2. Composition and Amount of Health Care Waste Generated by 25
Government Hospitals in 3 States before Implementation of the Biomedical
Waste Rules

Karnataka hospitals, Maharashtra hospitals, West Bengal hospitals,
Health care wastes by number of beds by number of beds by number of beds

100 50 30 384-561 127-272 30-46 381-520 100-195 30
Biomedical wastes (%) 19 56 48 41-54 32-78 31-75 37-38 28-40 29
Infectious wastes (%) 8 33 30 21-34 1243 15-53 31-33 24-36 23
Human anatomical waste (%) _ = — — — — 1.3 2-3 4
Plastics (%) 6 17 5 4-19 4-26 5-22 1-3 1-2 1
Sharps (%) 5 6 13 1-8 5-10 3-31 1 0.3-1 0.7
Communal waste (%) 81 44 52 45-59 22-68 25-69 62—63 6072 71
Kg/day:
Biomedical waste 10.4 45 29 35-68 41-87 1.8-9.4 37-52 14-31 1.6
Health care waste 555 79 6.2 77-164 101211 2.5-16.4 99-141 51-77 5.6
Kg/day/bed:
Biomedical waste 0.10 0.09 0.10 0.09-0.16  0.22-0.40 0.06-0.31  0.08-0.10  0.14-0.16  0.05
Health care waste 0.56 0.16 0.21 0.18-0.39  0.41-1.04 0.08-0.55  0.23-0.28 0.38-0.51 0.19
Kg/day/occupied bed:
Biomedical waste 0.14 0.13 0.21 0.09-0.16  0.24-0.50 0.11-0.50  0.12-0.15 0.14-0.16  0.10
Health care waste 0.77 022 0.45 0.21-0.38  0.41-1.31 0.15-0.87  0.31-0.42 0.35-0.57 0.35

Note: For data from West Bengal, “infectious waste” includes animal waste (Category 2), microbiology and biotechnology waste (BMW Category 3), and soiled waste

(BMW Category 6). For data from Karnataka and Maharashtra, “infectious waste”—besides these categories—also includes human anatomical waste (BMW Category 1).

Information on generation rates of different constituents
of communal waste improves planning for recycling
opportunities, as well as for treatment and disposal
options (Onursal and Setlur 2002).

Planning for Managing Wastes at

Health Care Facilities

HCW management plans were prepared by private con-
sultants or NGOs for government hospitals in India with
the assistance of the state health departments. In the State
of Karnataka, an evaluation of the implementation of the
HCW management plans in government hospitals
revealed several deficiencies, among them (a) improper
segregation of waste at source, (b) mixing of sharp waste

with other recyclable waste, (c) ambiguity about final

disposal of sharps and plastics, (d) inadequate information
about the use of landfill and deep burial pits, (e) dispos-
ables not being mutilated, (f) inappropriate location of
bins, (g) biodegradable waste in deep burial pits not being
covered with soil, (h) untrained contractual waste han-
dlers handling the waste, and (i) ineffective disinfection of
waste. These deficiencies were attributed to the attitudes
of the administrative medical officers and staff involved in
HCW management. The lessons drawn from this evalua-
tion were used as the basis of retraining for staff from
these hospitals.

A review of HCW management practices in India
reveals wide differences among government hospitals
located in various states. Appendix A summarizes several

states’ actual practices for the treatment, containerization,
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Table 3. Biomedical Waste Generation Rates at Selected Hospitals in Madhya Pradesh

and Uttar Pradesh

BMW generation
Hospital, by location Number of beds (kg/day/bed)
Bhopal, Madhya Pradesh
Kasturba Hospital 0.14
Ayushman Hospital 0.61
Kanpur, Uttar Pradesh
Lala Lajpat Rai Hospital 1,055 0.22
Mariumpur Hospital 0.11
Regency Medical and Diagnostic Center 0.65

Source: CPCB 2000.

and disposal for specific HCW categories (Onursal and
Setlur, 2002); the appendix also summarizes the require-
ments of India’s Biomedical Waste Rules and the 1999
WHO guidelines for safe management of wastes from
health care activities (Priiss, Giroult, and Rushbrook
1999). Examples of different HCW management prac-
tices in hospitals in various states include (a) treatment
and recycling of plastic materials (this option is not men-
tioned under the Biomedical Waste Rules); (b) con-
tainerization of sharps (cardboard boxes are used,
although puncture-proof containers are required under
the Biomedical Waste Rules); (c) deep burial of infectious
(soiled) waste (not authorized under the Biomedical
Waste Rules, but recommended as an option in the
WHO 1999 guidelines for safe management of wastes
from health care activities); (d) returning of discarded
medicines to suppliers (not authorized under the
Biomedical Waste Rules, but recommended as an option
in the WHO guidelines); (e¢) disinfection of infectious
(soiled) waste followed by collection by municipality (not
prescribed under the Biomedical Waste Rules); and (f)
use of a different color container from what is prescribed
by the Biomedical Waste Rules. In the case of plastics,
disinfection by chlorination at hospitals followed by
recycling through a thermal process (by a recycler) may
generate hazardous chemicals (for example, dioxins)—a
health issue that may be at least as serious as exposure to
infectious wastes.

To a great extent, different waste treatment and dis-

posal practices in different states reflect differences in the

interpretation of the Biomedical Waste Rules, which
include some inconsistencies. State-level HCW manage-
ment guidelines are sometimes prepared by local consult-
ants and NGOs with no or little experience in other
states, and such consultants and NGOs may vary in their
interpretations of the Biomedical Waste Rules. Hospital-
specific HCW management plans are often prepared by
local private consultants or NGOs that vary in their inter-
pretations of state-specific HCW management guidelines.

To minimize generation of expired drugs, health care
facilities have instituted measures that involve preparation
of a list of drugs with an expiration date of six months and
circulation to other hospitals. A computer-based waste
exchange program may be built upon the existing system,
not only to improve the efficiency of the current system
(which uses the drugs for a good cause), but to reduce
wastage and associated environmental problems. For any
expired drugs generated, disposal at a secure landfill or
incineration at a CWTF would be options.

Two issues related to human hygiene at health care
facilities, although not covered in the Biomedical Waste
Rules, are the quality of water supply and treatment of
sewage. The results of water quality monitoring in dif-
ferent states indicate poor water quality in urban areas,
mainly as a result of cross-contamination from sewage.
Mitigating the adverse effects of poor quality water on
the general population is an important concern that
must be addressed in the entire country, particularly in
urban areas. An immediate need is to reduce adverse

impacts on the sick, who are the most vulnerable



Chapter 4. Health Care Facilities’ Waste Management Activities 19

Table 4. Composition and Amount of Communal Waste Generated by

Eight Hospitals in West Bengal

Hospital, by size

520 beds 500 beds 498 beds 381 beds 195 beds 195 beds 100 beds 30 beds

Basic data on hospital:

No of days audited 3 3 3 3 3 3 3 3
Bed occupancy (%) 55 67 89 73 93 113 89 53
Composition of hospital’s communal waste:

Food/vegetable (%) 83 83 81 84 78 81 66 66
Paper/cardboard (%) 13 10 12 11 12 10 22 24
Plastics (%) 3 6 7 4 9 8 12 10
Glass (%) 0.6 1.3 0.5 0.6 1.1 0.5 0.4 0.6
Hospital’s communal waste generation rate:

Kg (in 3 days) 219 269 254 186 135 138 110 12
Kg/day 73 90 85 62 45 46 37 4
Kg/day/bed 0.14 0.18 0.17 0.16 0.23 0.24 0.37 0.13
Kg/day/occupied bed 0.26 0.27 0.19 0.22 0.25 0.21 0.42 0.25

portion of the population. Health care facilities need to
develop and implement water quality monitoring
programs at their facilities and, if necessary, take the
mitigation measures to comply with national drinking
water standards. Sewerage is also a problem; prototype
designs for various groups and types of health care
facility facilities could be developed and implemented

for adequate drainage and on-site disposal or treatment
arrangements, as well as a protocol for routine operation
and maintenance. Furthermore, instituting a statewide
systematic effort for collection and analysis of informa-
tion on hospital effluents, and the associated water
quality and health impacts, would improve the basis of

sound decisionmaking.
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The Private Sector’s Role in Providing
Waste Management Services

he private sector has become increasingly

I involved in providing HCW management serv-
ices, as discussed below. Still, the public sector is

also involved, typically at rural health care facilities and
some urban government-owned health care facilities.
Designated staff in health care facilities, after training, are
generally involved in the segregation, transfer, storage,
treatment, and disposal of waste within their premises.
Incinerators in government health care facilities have
been operated by their own staff. Some government
health care facilities with excess capacity for treating
BMWs have provided services to other health care facil-
ities in their vicinity. In Gulbarga, Karnataka, there are
that an organization funded by the
Government of India,
Education, plans to build and operate the CWTF for
BMWs. In Thane, Maharashtra, a CWTF was established
in 2003 at a municipal hospital complex (Chattrapati

indications

Center for Environment

Shivaji Municipal Hospital) through a joint public sec-
tor-NGO initiative.”” The CWTF commissioned in 2003
includes an incinerator (with an energy recovery feature)
and an autoclave to treat segregated BMWs received
from 5 government and 70 private hospitals. The charges
for waste treatment are reported to be Rs. 5.70/bed/day
(about US$0.12/bed/day) for a general hospital or clinic
and Rs. 7.70/bed/day (US$0.15/bed/day) for facilities

with obstetric and gynecological services.

On-Site Waste Management Services

As part of the culture change resulting from implemen-
tation of the Biomedical Waste Rules in India, the private
sector involvement in providing on-site HCW manage-
ment services has gained importance in the Indian health
sector. Some government hospitals have contracted with
private sector organizations for on-site waste manage-
ment services previously performed by health care facil-
ity personnel. In West Bengal, for example, cleaning serv-
ices in all 75 government hospitals with more than 100
beds has been contracted out to the private sector. So far,
the experience of using private contractors has been gen-
erally positive. The significant improvements in the over-
all cleanliness and sanitary conditions are appreciated by
health care facility personnel, patients, and their visitors
and have led to a positive change in public opinion.
Resistance to the privatization of services from health
facility staft’ concerned about losing their jobs can be
expected. In West Bengal, in an effort to reduce staff
resistance, the contracting out of cleaning services was
extended to indoor areas in only 10 government hospi-
tals (Onursal and Setlur 2002).

Off-Site Waste Management Services
Recently, there has been increasing participation by pri-
vate sector firms in the provision of off-site HCW man-

agement services. In the Twin City area of Andhra

17.The initiative has been between the Thane Municipal Corporation and Enviro-Vigil Corporation, a Thane-based NGO.

21



22 Healthcare Waste Management in India

Pradesh, for example, the state government has encour-

aged the adoption of a scheme in which a private sector

firm builds, owns, and operates two CWTFs with no

direct subsidies. The government incentive has been a

guarantee on the number of health care facilities and

associated beds served by the investors. Accordingly, one
privately owned CWTF serving the Twin Cities

(Hyderabad and Secuderabad) was assigned 125 govern-

ment and private health care facilities for a total of

10,000 beds (Box 5); the other privately owned CWTF

was assigned 250 government and private health care

facilities with the same number of beds.

Each private CWTF operator in Andhra Pradesh is
responsible for collecting BMWs from the assigned facil-
ities, transporting them to the respective CWTE and
treating and disposing of the treated wastes in compliance
with India’s Biomedical Waste Rules and state require-
ments. In Andhra Pradesh, each health care facility served
by the CWTF operated by GJ Multiclave Pvt. in the
Twin Cities was required to do the following:

* Obtain an operating license from the Andhra Pradesh
Pollution Control Board. This requires payment of an
authorization charge of Rs. 100/bed/year (about
US$2/bed/year) (regardless of bed occupancy status)
to the Andhra Pradesh Pollution Control Board.

* Sign a one-year agreement with the CWTF for
collection, transportation, treatment, and disposal of
BMWs at a fixed rate, irrespective of the type of the
health care facility (government or private) or bed
occupancy at the health care facility. The rate for
hospitals with beds started with Rs. 2/bed/day (about
US$0.04/bed/day) in 2001 and increased to the
current level of Rs. 3.25/bed/day. For health care
facilities without beds (for example, clinics and blood
banks), the rate is Rs. 400 to 500/month (about
US$8—10/month).

* Purchase and use nonchlorinated yellow bags for safe
incineration of anatomical and soiled wastes;"

* Use the waste management schemes according to the
guidelines prepared by the state health department;
and

* Pay the municipality a monthly flat charge for collec-

tion of the segregated communal waste in green bags.

The charge in 2001 was Rs. 1,000 (about US$20) for
health care facilities with more than 100 beds and Rs.
250 (about US$5) for health care facilities with a
greater number of beds (Onursal and Setlur 2002).

CWTF operators need to receive properly segregat-
ed and containerized BMWs from health care facilities to
assure the smooth operation of their facilities. One
CWTEF operator in the Twin Cities used his own
resources to improve waste management practices at each
health care facility. The operator conducted audits and
made specific suggestions before signing a contract, and
subsequently provided HCW management training to
the health care facility staft and supplied safe HCW man-
agement posters.

In Karnataka, the two CWTFs in Bangalore and the
one in Mysore all use the private sector build-own-oper-
ate model. The rate structure in Karnataka for BMW col-
lection, treatment, and disposal services is the same as in
Andhra Pradesh. For health care facilities with beds, the
rates are Rs. 3.25/bed/day (about US$0.07/bed/day) in
Bangalore and Mysore, and Rs. 1.25/bed/day in
Belgaum. For health care facilities without beds (for
example, clinics), the rate is Rs. 300/month (about
US$6). The rates are established through negotiations
between the CWTF owner and the Indian Medical
Association—Private Doctors’ Association.

In Kerala, the state government constituted an advi-
sory committee” to select private sector investors for
CWTFs through a competitive bidding process. Under
the adopted scheme, the private sector builds, owns, and
operates or leases CWTFs in four identified regions of
the state (both urban and rural areas). The private sector
is also responsible for collecting and transporting BMW:s
from the designated facilities to the CWTE There are no
subsidies involved, except for a grant from the state gov-
ernment of five acres of land for each CWTE In addi-
tion, the state government provides incentives to the pri-
vate sector by guaranteeing the number of health care
facilities and beds to be involved and by training the
health care facility staff on HCW management. Having
fixed the user charge for private health care facilities, the

state chooses private investors to build and operate

18. Nonchlorinated bags are more expensive than regular bags. Nonchlorinated bags cost Rs. 65-85/kg (about US$1.3—1.7/kg) and regular

bags cost Rs. 40/kg (about US$0.8/kg).

19.The advisory committee constituted by the state government in Kerala is led by the health department and includes representatives from
the Urban Development Department and the State Pollution Control Board. Kerala’s health department is responsible for ensuring consultation with

all stakeholders, including the Indian Medical Association, and for developing a joint project implementation plan.
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Box 5. A Privately Owned CWTF in the Twin Cities Area of Andhra Pradesh

In the Twin Cities (Hyderabad and Secunderabad) area of
Andhra Pradesh, GJ Multiclave Pvt. owns and operates a
CWTF that BMWs generated from 125 health care facili-
ties—private, semi-private, and government hospitals as well
as nursing homes—with a total of 10,000 beds. The CWTE
established in mid-2000, is located about 55 km from the city
of Hyderabad on a 12-acre parcel of land purchased for Rs.
3.8 million (about US$76,000).

The equipment at the CWTF consists of two auto-
claves, a microwave, and an incinerator, all made in India. In
addition, an effluent treatment plant and a secured landfill are
part of the CWTE The total investment for structures and
equipment amounts to about Rs. 12.5 million (about
US$250,000). After initial operation, use of the microwave
was discontinued as it was found not to be as economical as
the autoclave and not suitable for handling metals.

GJ Multiclave has two trucks that collect the segregat-
ed BMWs from all subscribed health care facilities during the
day (6 am—4 pm) and bring these BMWs to the CWTF at
about 6 pm.The trucks have four separate chambers—each
chamber dedicated to a waste category—and a disinfectant
storage tank to handle any spills. The CWTF operates with
eight workers only at nighttime. At the CWTE the waste
bags are removed from their barrel and checked. If wastes are
observed not to be properly segregated, then GJ Multiclave
brings this problem to the health care facility’s attention. If
the problem persists, then GJ Multiclave informs the Andhra
Pradesh Pollution Control Board for enforcement.

Two 30- and 60-liter capacity autoclaves at the CWTF
are used for treatment of recyclable HCWs (glass and plastics
such as gloves, aprons, syringes, catheters, I.V. tubing, blood
bags—all received in red bags). Each autoclave operates at
121°C temperature and 15 psi pressure, and has a residence
time of one hour. During the first year of the CWTF’s oper-
ation, sharps (received in puncture-proof containers after dis-
infection at health care facilities with a 1 percent hypochlo-
rite solution) were also autoclaved before being encapsulated
in manufacturing bricks—for wall construction at the

CWTF—on an experimental basis. Although encapsulation

is not listed as an option under India’s Biomedical Waste
Rules, it is one of the options considered under the WHO's
1999 guidelines for the safe management of HCWs (Priiss,
Giroult, and Rushbrook 1999). After inauguration of the first
secure landfill in Andhra Pradesh, sharps are sent to this
secure landfill.

Following autoclaving, the bags are opened and the
contents are transferred into a large tub for segregation of
glass and different types of plastics.a The segregated plastics
are then shredded and sold to the manufacturer for recycling.
Recycling involves first converting the plastic into granules
and then molding the granules into the desired forms. GJ
Multiclave is planning to purchase a granulating machine.

The anatomical and soiled wastes are received in
nonchlorinated yellow bags for incineration. The incinerator
has a capacity of 100 kg/hr and is equipped with dual cham-
bers operating at temperatures of 850—900°C in the primary
chamber and 1,050-1,100°C in the secondary chamber. The
residence time in the incinerator is about 1.0-1.5 seconds.
The flue gases from the incinerator are removed with a dilute
caustic solution in a wet scrubber. The scrubbed gases are
emitted to the atmosphere through a 30-meter-high stack.
Temperatures in the primary and secondary chambers as well
as the discharged pollutants are continuously monitored. The
incinerator ash is disposed of in a secure landfill.

At the CWTE the bins are washed with water and dis-
infected, the trucks are washed with hot water, and concrete
floors are disinfected. All wash waters and the scrubber water
are collected in the effluent treatment plant designed for a
capacity of 6,000 liters/day, but operated only at 25 percent
of this capacity (1,500 liters/day). The wastewater is treated
with caustic and alum, aerated at a pH of 7, clarified, and fil-
tered. The treated water is used for scrubbing the incinerator
off gases, and the balance is used for gardening.

GJ Multiclave has engaged an environmental consult-
ant. The weekly samples collected from the scrubber off gases
are analyzed for HCI, particulate matter, and SO,. In addi-
tion, the consultant collects weekly samples of the effluent

treatment plant.

a.The plastic types include low-density polyethylene (LDPE such as plastic IV bottles), high-density polyethylene (HDPE such as syringes), polyvinyl chloride

(PVC such as blood bags), and rubber (rubber tubing from syringes).
Source: Onursal and Setlur 2002.
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CWTFs based on the lowest charge bid for the govern-
ment health care facilities.” After the CWTF is con-
structed, it 1s to be granted a provisional permit for a trial
period of three years, and during this trial period, the
CWTF is expected to be operating in full compliance
with the Biomedical Waste Rules. In the event the
authorization is not renewed, the operator would be
offered the price of the CWTF after depreciation.

The Jamalpur CWTF in Punjab is another example
of the private sector build-own-operate scheme for
HCW management. The private sector is responsible for
transporting about 5,000 kg/day of BMWs from the
Ludhiana area health care facilities (with a total 7,000
beds) to the CWTE The selected treatment technologies
at the CWTF are incineration and autoclaving. The cap-
ital investment of the CWTF is Rs. 10 million (about
US$200,000). The established charge to the health care
facility is Rs. 2.7/bed/day (about US$0.05/bed/day) and
free transportation up to a distance of 25 km to the
CWTE The transportation cost increases to Rs.
0.5/bed/day (about US$0.01/bed/day) for up to 100 km
and to Rs. 1.0/bed/day (about US$0.02/bed/day) for
greater distances.

In Sewri, Maharashtra, a CWTF was established at
Guru Teg Bahader Hospital’s premises by the private
sector” on a build-own-operate-transfer basis under a
10-year contract with the Brihanmumbai Municipal
Corporation. This facility, which required an investment
of Rs. 57 million (about US$1.1 million) to treat 3.5
tons/day of BMWs, includes an incinerator for human
anatomical and animal wastes, discarded medicines, and
cytotoxic drugs and an autoclave for other BMWs. The
private sector was guaranteed a fixed fee for BMW treat-
ment, whether BMWs come to the CWTF or not.
Brihanmumbai Municipal Corporation engaged a trans-
port service provider for collection and delivery of seg-
regated BMWs from health care facilities to the CWTE
as well as the disposal of the treated wastes. A total of 425
health care facilities (214 municipal and 211 private) have
signed a memorandum of understanding with
Brihanmumbai Municipal Corporation to send their
BMWs to the CWTE The charges to health care facili-
ties are Rs. 3.50/kg (about US$0.07/kg) for transporta-
tion of the segregated BMW to the CWTE and Rs.
18/kg (about US$0.36/kg) for treatment at the CWTF

and land disposal of the residual wastes. Since the intro-
duction of the billing system in August 2001, the amount
of BMWs received by the CWTF has diminished drasti-
cally to 1.5 tons/day (most companies reduced their
BMWs by 50 percent). The state authorities involved are
speculating that health care facilities are deliberately mix-
ing BMWs with

Brihanmumbai Municipal Corporation’s charges.

communal wastes to escape

This experience illustrates the importance of careful
consideration in defining the structure of the charge sys-
tem to the health care facilities, as well as the specific role
of the CWTF operator. A fixed-charge structure using
Rs./bed/day for health care facilities with beds and
Rs./month for health care facilities without beds would
have eliminated the observed problem. In addition, inclu-
sion of the CWTF operator in waste collection services
would have improved interaction between the CWTF
and health care facility operators in achieving the desired
waste quality. In Andhra Pradesh, this interaction resulted
in the CWTF operator providing training to the health
care facility personnel for joint benefits. The lessons
learned from the Sewri experience were incorporated
into the Thane CWTF project in Maharashtra.

The draft guidelines for CWTFs, issued by the
CPCB, provide clear guidance for BMW management
for health care facilities located within a 150-km radius
of urban areas in India. Accordingly, installation of new
incinerators at health care facilities will be subject to
much greater scrutiny with the CPCB’s special approval
process. Human anatomical and animal wastes, which
require incineration in large urban areas, will probably be
sent to CWTFs for incineration wherever possible. For
soiled, microbiology, and biotechnology wastes, on-site
versus CWTF options will need to be evaluated, consid-
ering the state or local BMW management strategy as
well as the relative costs. For example, the Tata Mumbai
Memorial Hospital in Mumbai voluntarily closed down
its on-site incinerator because its air emissions were not
in compliance with the Biomedical Waste Rules. Human
anatomical wastes are now sent to a crematorium, chem-
icals to a municipal incinerator, and other BMWs to a
new hydroclave on the hospital premises. In New Delhi,
there are at least eight hospitals (including the Sanjay
Gandhi Memorial Hospital) operating autoclaves for
BMW treatment.

20.The financial analysis assumes a charge of Rs. 3.50/bed/day (US$0.07/bed/day) for private health care facilities with beds, Rs. 2.00/bed/day
(US$0.04/bed/day) for public health care facilities with beds, and Rs. 6.67/day (US$0.13day) for public health care facilities without beds.

21.This is a joint venture between Environmental Monitoring Services and the Canadian-based Anderson Operation, Inc.
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The initial approaches described here show interest-
ing ways of tackling the “chicken and egg” problem of
encouraging private provision of CWTFs before the
commercial market for such facilities is fully demon-

strated. Experience gained from these systems, after the
first few years of operation, will be useful in expanding
the coverage of properly operated and regulated
CWTFs.



CHAPTER 6

Lessons from India’s Experience

ndia has made significant progress in managing
HCWs, despite delays in the implementation of its
policies caused by weaknesses in the country’s legal
and institutional framework for HCW management. The
central government has strengthened the legal framework
for HCW management through the Biomedical Waste

Rules and national guidelines. States have devised their

own HCW management strategies and guidelines and

provided assistance to government hospitals to imple-
ment HCW management initiatives. NGOs have played

a major role in bringing HCW management issues to the

attention of government officials and the public. A cul-

tural change has occurred at many health care facilities,
which now accept the need to adopt good HCW man-
agement practices and to purchase HCW management
services from the private sector. Finally, successful expe-
rience with privately built, owned, and operated CWTFs
has led to increasing acceptance of CWTFs as the way to
manage hazardous BMWs in urban areas. Coupling the
current HCW management knowledge base with more
effective use of information technology could help
health care facilities in India internalize good HCW
management practices as an essential component of their
operation.

Several major lessons can be drawn from India’s
experience:

* Initiating HCW management legislation and
practice without adequate background work
results in delay and costly readjustments.
Preparing background studies with a situation analysis,

evaluating alternatives, and involving key stakeholders

27

in the process are integral steps to establishing a sound
legislative basis for HCW management legislation.
India did not take all these steps—and the result was a
rather convoluted process, with delays in the prepara-
tion and implementation of India’s HCW manage-
1995, the
Environment and Forests drafted rues for managing
BMWs that identified incineration as the BMW tech-
nology of choice for health care facilities, failing to

ment legislation. In Ministry  of

take into account growing concerns about hazardous
pollutant emissions from municipal and BMW incin-
erators. A subsequent order from the Supreme Court
led to the installation of 60 incinerators in the New
Delhi area, only one of which—after re-engineering
by the CPCB——could meet today’s national norms. In
many urban areas of India, the situation with respect
to investments in substandard incinerators at health
care facilities has not been much different from that in
New Delhi. A local NGO's efforts revealed unsanitary
practices and associated risks in dealing with HCWs
and opened a forum about the consideration of alter-
native technologies to incineration—such as autoclave
and microwave treatment technologies. As a result, in
1998, the Ministry of Environment and Forests issued
the Biomedical Waste (Handling and Management)
Rules. These rules (amended twice in 2000) are a sig-
nificant improvement over the 1995 draft legislation
and have been instrumental in raising awareness in
India about the health risks and good management
practices of HCWs among the health care facility per-

sonnel; government officials at the central, state, and
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local levels; and the general public. Nonetheless, the
Biomedical Waste Management Rules do contain
some internal inconsistencies and deviate in some
respects from the 1999 WHO guidelines for the safe
management of HCWs Giroult, and
Rushbrook 1999).

HCW guidelines must be timely and informed

(Priss,

by field experience. HCW guidelines are an impor-
tant tool for the implementation of the Biomedical
Waste Rules by health care facilities, BMW trans-
porters, and BMW treatment and disposal facility
owners and operators. National guidelines for imple-
menting the Biomedical Waste Rules were published
at a rather late date and were not comprehensive. This
situation, along with internal inconsistencies in the
Biomedical Waste Rules themselves, resulted in con-
siderable implementation difficulties. Weak institu-
tional capacities at the state level compounded these
difficulties. HCW management guidelines prepared at
the state level suffered from internal incoherencies; did
not specify detailed procedures; did not incorporate
the state HCW management strategies; and were
inconsistent in some respects with the Biomedical
Waste Rules. In addition, the state-level guidelines
were issued too late to assist health care facilities in
meeting the implementation schedules prescribed in
the Biomedical Waste Rules. A positive development is
that CPCB recently issued two new sets of guidelines
that were prepared taking into account the findings of
a national survey of health care facility incinerators in
India, views of the national experts based on experi-
ences regarding the incineration technology and
CWTFs, and related international experience. One set
of guidelines issued by CPCB pertains to the treat-
ment of BMWs at CWTFs (CPCB, n.d.-a), and the
other pertains to the design and construction of
BMW incinerators (CPCB, n.d.-b).

Many approaches and tools are necessary to
inform opinions and change actions. Notification
and implementation of India’s 1998 Biomedical Waste
Rules were instrumental in raising awareness in India
about the health risks and good management practices
of HCWs among the health care facility personnel;
government officials at the central, state, and local lev-
els; and the general public. NGOs in India have played
an important role in guiding the policymakers through
situation analyses, sharing international experiences,

creating awareness of HCW management issues among

the general public, conducting training related to
HCW management, and providing consulting services
to health care facilities. In addition, the HCW man-
agement information presented by the media (televi-
sion, radio, newspapers) and by SPCBs through the
Internet has raised public awareness. National and
regional workshops, along with training programs, have
been instrumental in creating awareness of and sharing
knowledge about HCW management among the gov-
ernment officials, the scientific community, and per-
sonnel at health care facilities.

Hospitals can change their culture and improve
HCW management practices. The culture at many
health care facilities in India has changed to recognize
the importance of hygiene and HCW management as
essential to good hospital management practices. This
culture change is attributable in part to assistance pro-
vided to government hospitals by state health depart-
ments (in part through World Bank—financed projects)
in the form of personnel training, HCW management
auditing, preparation of hospital-specific plans, pro-
curement of materials and supplies, and construction
of on-site disposal facilities. The application of a “train
the trainers” approach was beneficial in imparting a
leadership role for key hospital staff and obtaining
their commitment to implement the HCW manage-
ment programs at the health care facilities. It is impor-
tant to note, however, that even though health care
facilities have made progress, there is still room for
improvement in bringing HCW management to the
attention of medical officers and doctors, enhancing
hospital-specific plans, and conducting refresher train-
ing so that health care facility staft can fully internal-
ize these plans. Private hospitals in India, which must
comply with the requirements of the Biomedical
Waste Rules using their own resources, have had
mixed results in terms of changing their culture and
improving HCW management practices.

The private sector’s role in on-site HCW man-
agement is becoming increasingly important.
The private sector’s involvement in providing on-site
HCW management services has gained importance in
the Indian health sector since implementation of the
Biomedical Waste Rules and subsequent changes in
culture at health care facilities. Some government
hospitals have contracted with private sector organiza-
tions for on-site waste management services previous-
ly performed by health care facility staff. So far, the



experience of using private contractors has yielded
significant improvements in the overall sanitary condi-
tions for health care facility staft and a positive change
in public opinion. Some resistance during the privati-
zation process may be expected from health care facil-
ity staff concerned about losing their jobs.

Effective state strategies for CWTFs, with
private sector involvement, are emerging.
Management of BMWs at a CWTF has recently
become an integral part of a state HCW management
strategy in some states in India. The credit for spurring
this development goes to state officials in Andhra
Pradesh. That state’s success in convincing health care
facility representatives to pay for off-site treatment and
disposal of BMWs at a privately built, owned, and
operated CWTF has led other states to emulate its
approach. A similar CWTF approach to HCW man-
agement has been adopted in Karnataka, Maharashtra,
Punjab, Rajasthan, Tamil Nadu, and there are now
plans for CWTFs in Gujarat (in Surat), Kerala, New
Delhi, Uttar Pradesh (in Noida), and West Bengal (in
Howrah). In most states, the CWTF scheme serves
only health care facilities at selected urban areas; in
Kerala, however, it serves all health care facilities in the
entire state, both urban and rural. In Sewri,
Maharashtra, a charge system to health care facilities
based on BMW weight (that is, Rs./kg) has resulted in
nearly a 50 percent reduction in the expected amount
of BMWs received at the CWTE This experience
illustrates the importance of selecting the most appro-
priate structure for waste charges to facilitate the flow
of properly segregated BMWs to CWTFs. India’s
recent experience with CWTFs is also reflected in
CPCB’% two recently issued sets of draft guidelines:
one set bringing close scrutiny to on-site incineration
at health care facilities and the other detailing require-
ments for CWTFs for BMWs.

Strong and clear regulatory commitment
improves implementation of the Biomedical
Waste Rules. SPCBs in the states and Pollution
Control Committees in the territories are the regula-
tory agencies in India responsible for enforcing the
requirements of the Biomedical Waste Rules. The
capacity of these agencies to act—and their determi-

nation to do so—has made a major difference in the

Chapter 6. Lessons Learned from India’s Experience 29

effectiveness of implementing the Biomedical Waste
Rules. In Maharashtra, about 98 percent of health care
facilities that submitted permit applications in 2001
did not have proper BMW treatment schemes in
place. As compliance with the Biomedical Rules by
health care facilities lagged and no drastic measures
were taken by SPCBs, the implementation schedule
specified in the Biomedical Waste Rules was amend-
ed. In Andhra Pradesh, the SPCB announced its tough
stand of fines to noncompliant health care facilities,
and a trickle of permit applications grew into a stream
of permit applications, although the level of compli-
ance was still unsatisfactory.

Information technology has a crucial role to
play in HCW management. Information tech-
nology has great potential for creating public aware-
ness of HCW management issues and for sharing
knowledge about HCW management practices at
health care facilities. Currently, CPCB uses its Web site
to present the draft guidelines on incinerators and
CWTFs. In addition, some SPCBs—including the
Andhra Pradesh Pollution Control Board and the
Karnataka Pollution Control Board—use their Web
sites to disseminate information on HCW manage-
ment, including lists of permitted health care facilities
and downloadable HCW permit application forms.
Information technology has the potential to be used
more extensively at the central environmental agencies
for disseminating information on national programs
(for example, training programs, workshops, sym-
posia) or coordinating BWM management activities
in states (for example, compliance status, research pro-
grams, and national database compiled from state-
level health care facility, CWTE and BMW-related
information). Information technology also has the
potential to be used at the state level to increase pub-
lic awareness of regulatory requirements, environ-
mental concerns, technology options, and good man-
agement practices; to publicly disclose information
about permits for health care facilities and CWTFs; to
provide health care facilities with downloadable per-
mit forms; and to offer news about state training pro-
grams, workshops, conferences, best practices, and
close-to-expiration medicine exchange programs

among health care facilities.
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Appendix A. India’s Health Care Waste Managment Practices and Requirements
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Appendix B. Results of Health Waste Audits for Government Hospitals in Three States

L8°0 <ro 0S°0 Tho 9.0 9¢°0 MOH

050 110 8¢°0 €1°0 ) 9z°0 MING

paq pardnazo s Avp /5>

€S0 80°0 0€°0 Tho €S0 9Z°0 MOH

1€°0 90°0 €0 €1°0 8T°0 61°0 MING

paq/dvp /3>

¥'91 ST 16 91 6°ST 811 MOH

¥'6 81 89 6°€ ¥’ LS MING

dvp/ 3>y

€9 s 09 001 0L L (9%) £ouedndoo pagy

0¢ 0€ 0¢ 0€ 0¢ 6C potpne skep jo "oN

0°00T  6°06¥ 0°00T  0°SL 0°00T  €TLT 0°00T  TLLS 0°00T  8'SL¥ 0°00T 6 T¥€ MDH [v39L,

6Tt ¥'01¢ L9T 002 foer4 0'69 6'89 0°09¢ 69t 0°¢CT T9C 9'68 apsvm (Jpumuio) [p1ouIr)

00 00 00 00 10 €0 10> T0 10> €0 00 00 9ISEM [EOINIOEULIEY]

8'9% c'6TT €LE 0'8C 6'CS 0vhT T'cr 0°LS 1'ee 00171 6'ST ¥'88 2)SEM SIOLIAYU]

0¢ 0°sT L0E 0°€C 'S 0cC €6 0°s¢ 81T 095 T9C L68 sdxeyg

<L 0°9¢ o 0¥ 9¢T 0°LE 99 0°sT 81 c98 L1z TYL sonselq

T'LS ¢08¢ ceL 0°sS LYl €¢0T T'1¢ TLIT 1°es 8TST 8L°¢L €Tse (MNg) a3sva parpowiorg

% 5 % 5 % 5 % 5 % 5 % 5 (MDH) 1svar 2402 1 jvoF]
spaq 0€ spaq 0€ spaq 0€ spaq Of spaq 0f spaq 9%

Juo)) ‘s[esrdsol exnysereyejy Ul sInsay Ipny MDOH



Healthcare Waste Management in India

40

S0 LSO S50) "0 S0 1€°0 Tho 0 MOH

01°0 91°0 ¥1°0 91°0 €ro 2o <o S1°0 MING

paq pardnao /s Avp /5>

61°0 1S°0 6€°0 8¢°0 9Z°0 LT0 8T°0 €0 MOH

S0°0 ¥1°0 91°0 Sro 01°0 010 01°0 80°0 MING

paq/dvp /3>

96 L0S 6'9L T'¥L L'86 6°SET vivl 0Ll MOH

91 2 0'1¢ 0'6C 9:9¢ vl 618 0t MING

dvp /3>y

¢ 68 cI1 6 L 68 L9 s (9%) £ouednooo pag

¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ popne skep jo "ON

0¢ 001 co1 c61 18¢ 86¥ 00¢ 0TS spaq jo 'oN

0°00T L9T  0°00T 0°TST 0°00T LOST 000L #7TTC 000 096C 0001 LLOF 000T T'vCk 0001 6°0SE MDH [v39L,

01L 611 TTL  L60L L6S  LLEL 609 P'SET 679 TI98L  TT9  9€ST  €€9  S9IE  $T9  061T apsvm (Jpumuio) [viousr)

9¢ 90 v 9°¢ T I'g LT 09 €1 8¢ 91 c9 8T 611 8T 86 9)SEM [EOTIUIOIEUE UEIUNE]

€cT 6¢ T¥e  89¢  §SE  9T8  L€g 6vL 1€ 086 LTE  €€El TIE  €TEl TTIE  0€ll 2)SEM SIOLIAYU]

L0 X0 €0 c0 S0 A T'T ve 60 LT A 6F 60 8¢ T'T 6°¢ sdxeyg

A 0] 60 A ST Y 971 9°¢ 8T [ €T v'6 ST 9L ¢l [ sonselq

06c  8YF 8L €T €0r  0¢€6  T6E 048  TLE 8601  §LE  THST  L9E  9SST  9LE  6°1€1 (MNg) a3sva parpowiorg

% 5 % 3 % 3 % 5 % 5 % 5 % 3 % 3 (MDH) 1svar 2402 1 jvoF]
spaq 0€ spaq 001 spaq c61 spaq c61 spaq I8¢ spaq g6 spaq 00§ spaq 0§

sfeyrdsopy eSuag 31so/\ uI

snsoy Py MOH



	HCW-FM-6.pdf
	toc                            �
	Chapter 1
	The Problem of Health Care W...�
	Exposure and Risks from Biom...�
	Health Care Waste Management...�
	Chapter 2
	A National Legal Framework f...�
	The Biomedical Waste Rules o...�
	National Guidelines for Impl...�
	National Training and Coordi...�
	Chapter 3
	State Strategies and Activit...�
	State Strategies for Health ...�
	State Guidelines for Health ...�
	State Assistance to Governme...�
	Training for Health Care Fac...�
	Supply of Materials for Heal...�
	Procurement of Waste Treatme...�
	State Regulatory Agencies’ E...�
	Chapter 4
	Health Care Facilities’ Wast...�
	Health Care Facilities’ Comm...�
	Health Care Facilities’ Wast...�
	Planning for Managing Wastes...�
	Chapter 5
	The Private Sector’s Role in...�
	On-Site Waste Management Ser...�
	Off-Site Waste Management Se...�
	Chapter 6
	Lessons from India’s Experie...�
	References 	                   �
	Appendix A                     �
	India’s Health Care Waste Ma...�
	Appendix B                     �
	Results of Health Care Waste...�

	toc-boxes
	Box 1. Main Features of Indi...�
	Box 2. Biomedical Waste Trea...�
	Box 3. Incineration of Healt...�
	Box 4. Comparison of Biomedi...�
	Box 5. A Privately Owned CWT...�

	toc-tables                     �
	Table 1. Overview of the Typ...�
	Table 2. Composition and Amo...�
	Table 3. Biomedical Waste Ge...�
	Table 4. Composition and Amo...�



