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Foreword to the first edition

In pursuing their aims of reducing health problems and eliminating potential risks to people’s health, health-care
services inevitably create waste that may itself be hazardous to health. The waste produced in the course of health-
care activities carries a higher potential for infection and injury than any other type of waste. Wherever waste is
generated, safe and reliable methods for its handling are therefore essential.

Inadequate and inappropriate handling of health-care waste may have serious public health consequences and a
significant impact on the environment. Sound management of health-care waste is thus a crucial component of
environmental health protection.

In both the short term and the long term, the actions involved in implementing effective health-care waste
management programmes require multisectoral cooperation and interaction at all levels. Policies should be
generated and coordinated globally, with the management practices implemented locally. Establishment of a
national policy and a legal framework, training of personnel, and raising public awareness are essential elements of
successful health-care waste management.

Improved public awareness of the problem is vital in encouraging community participation in generating and
implementing policies and programmes. Management of health-care waste should thus be put into a systematic,
multifaceted framework, and should become an integral feature of health-care services.

To achieve this aim, the World Health Organization (WHO), together with WHO’s European Centre for
Environment and Health in Nancy, France, set up an international working group (in 1995) to produce a practical
guide, addressing particularly the problems of health-care waste management in developing countries. The group
included representatives of the private sector involved in waste management activities and members of the public.

This handbook, the result of their efforts, is intended to be comprehensive, yet concise, “user-friendly” and oriented
towards practical management of health-care waste in local facilities. It provides guidelines for the responsible
national and local administrators, and is the first publication to offer globally relevant advice on the management
of health-care waste. The guidelines complement and supplement those produced in different regions in the past.

WHO strongly encourages the widespread implementation of these guidelines and is ready to assist users in
adapting them to national settings. This handbook has been prepared as a practical response to the need for
improved health-care waste management, especially in developing countries. Continuing efforts are being made to
refine this response, and feedback from users of the handbook would be appreciated.

Comments and suggestions based on experience of this handbook’s use may be sent to:

Department of Public Health, Environmental and Social Determinants of Health, World Health Organization,
Geneva 27, CH-1211, Switzerland.







Acknowledgements

WHO wishes to express its appreciation to all whose efforts and valuable contributions made this production
possible. In particular, WHO gratefully acknowledges the contributions of the following international experts who
contributed to and reviewed the handbook.

Editorial

Yves Chartier, WHO, Switzerland

Jorge Emmanuel, UNDP GEF Global Healthcare Waste Project, United States of America
Ute Pieper, ETLog Health GmbH, Germany

Annette Priss-Ustun, WHO, Switzerland

Philip Rushbrook, Foreign & Commonwealth Office, United Kingdom

Ruth Stringer, Health Care Without Harm, United Kingdom

William King Townend, International Environmental Consultancy, United Kingdom
Susan Wilburn, WHO, Switzerland

Raki Zghondi, WHO Regional Centre for Environmental Health Activities, Jordan

Authors

Ashok Agarwal, IGNOU, India

Franck Bouvet, UNICEE Switzerland

Yves Chartier, WHO, Switzerland

Christopher Drew, Golder Consulting, United Kingdom

Jorge Emmanuel, UNDP GEF Global Healthcare Waste Project, United States of America
Ed Krisiunas, WNWN International, United States of America

Jan-Gerd Kiihling, ETLog Health GmbH, Germany

Leo Leest, Management and Technical Solutions for Waste, the Netherlands

Ute Pieper, ETLog Health GmbH, Germany

Philip Rushbrook, Foreign & Commonwealth Office, London, United Kingdom
Ruth Stringer, Health Care Without Harm, United Kingdom

William King Townend, International Environmental Consultancy, United Kingdom
Andrew Trevett, UNICEF, United States of America

Susan Wilburn, WHO, Switzerland

Raki Zghondi, WHO Regional Centre for Environmental Health Activities, Jordan

Contributors

Ashok Agarwal, IGNOU, India

Franck Bouvet, UNICEF, Switzerland

Yves Chartier, WHO, Switzerland

Diego Daza, WHO, Colombia

Jorge Emmanuel, UNDP GEF Global Healthcare Waste Project, United States of America




Shinee Enkhtsetseg, WHO, Germany

Ed Krisiunas, WNWN International, United States of America

Jan Gerd Kiihling, ETLog Health GmbH, Germany

Leo Leest, Management and Technical Solutions for Waste, the Netherlands

Maria Mahon, GWB, United Kingdom

Victoria Masembe, JSI, Uganda

Nancy Muller, PATH, United States of America

Mahesh Nakarmi, Health Care Foundation Nepal, Nepal

Carib Nelson, PATH, United States of America

Ute Pieper, ETLog Health GmbH, Germany

Preethi Pratap, University of Illinois at Chicago School of Public Health, United States of America
Joanie Roberston, PATH, Vietnam

Marcia Rock, global health consultant, United States of America

Philip Rushbrook, Foreign & Commonwealth Office, London, United Kingdom
Dejana Selenic, CDC, United States of America

Ruth Stringer, Health Care Without Harm, United Kingdom

Ruma Tavorath, World Bank, India

William King Townend, International Environmental Consultancy, United Kingdom
Paul Williams, Consultant, United Kingdom

Anne Woolridge, Independent Safety Services Ltd, United Kingdom

Raki Zghondi, WHO Regional Centre for Environmental Health Activities, Jordan

WHO wishes to acknowledge gratefully the secretarial support of Lesley Robinson and Saydy Karbaj to the
development of this volume.

WHO also gratefully acknowledges the experts who contributed to the first edition of this report (1999), whose
names are listed in Annex 1.

The development of this second edition was made possible with the financial support and collaboration of the
Bill & Melinda Gates Foundation, the International Solid Waste Association, the GAVI Alliance and the French
Ministry of Social Affairs and Health.

In memoriam

The second edition of Safe management of wastes from health-care activities is dedicated to our distinguished colleague
and dear friend Yves Chartier (1958-2012), Public Health Engineer, who led the development of this work, and
inspired involvement in and commitment to health-care waste management. Yves was the co-author of many WHO
publications on environmental health in the health sector. This edition is also dedicated to our colleague Carib

Nelson (1956-2007), whose contributions consistently showed us a practical way through sound health-care waste
management options.

Safe management of wastes from health-care activities



Acronyms and abbreviations

ADR European agreement concerning the international carriage of dangerous goods by road
AIDS acquired immunodeficiency syndrome
AOX absorbable organic iodinated compounds

ATSDR United States Agency for Toxic Substances and Diseases Registry
BAT best available techniques
BEP best environmental practice

Blue Book shortened title for this handbook, Safe management of wastes from health-care activities

CAT cost-analysis tool

CDC Centers for Disease Control and Prevention
CFU colony forming unit

ClO, chlorine dioxide

DEHP diethylhexyl phthalate

DNA deoxyribonucleic acid

ECAT expanded cost-analysis tool

EMS environmental management system

EPP environmentally preferable purchasing
GEF Global Environment Facility

HBV hepatitis B virus

HCI hydrochloric acid

HCV hepatitis C virus

HEPA high-efficiency particulate air

HIV human immunodeficiency virus

H,SO, sulfuric acid

IARC International Agency for Research on Cancer
IGNOU Indira Gandhi National Open University
ILO International Labour Organization

ISO International Organization for Standardization
ISWA International Solid Waste Association

MBR membrane biological reactors

NaOCl sodium hypochlorite

NGO nongovernmental organization

NHS National Health Service

PEP post-exposure prophylaxis

PET polyethylene terephthalate (also known as PETE)
POP persistent organic pollutants

PPE personal protective equipment

pPVC polyvinyl chloride

STAATT  State and Territorial Association on Alternate Treatment Technologies
TB tuberculosis

UN United Nations

UNDP United Nations Development Programme




UNECE United Nations Economic Commission for Europe
UNICEF  United Nations Children’s Fund

uv ultraviolet

WHO World Health Organization
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Introduction

This is the second edition of the World Health Organization (WHO) handbook on the safe, sustainable and
affordable management of health-care waste - commonly known as “the Blue Book”. The original Blue Book was a
comprehensive publication used widely in health-care centres and government agencies to assist in the adoption of
national guidance. It also provided support to committed medical directors and managers to make improvements
and presented practical information on waste-management techniques for medical staff and waste workers. The
first edition in 1999 was published at an influential point in time. Public interest in emerging and developing
countries to improve health services was growing, and poor waste practices within health-care facilities were being
challenged increasingly by interest groups and communities. In the more developed countries, there was a renewed
concern about consumption of resources and impacts on global changes to climate and the environment.

In many countries, knowledge about the potential for harm from health-care wastes has now become more
prominent to governments, medical practitioners and civil society. Increasingly, managers and medical staff are
expected to take more responsibility for the wastes they produce from their medical care and related activities. The
indiscriminate and erratic handling and disposal of waste within health-care facilities is now widely recognized as
a source of avoidable infection, and is synonymous with public perception of poor standards of health care.

Ithasbeen more than 10 yearssince the firstedition of the Blue Book. During the intervening period, the requirements
on generators of health-care wastes have evolved and new methods have become available. Consequently, WHO
recognized that it was an appropriate time to update the original text. The purpose of the second edition is to
expand and update the practical information in the original Blue Book. In June 2007, WHO held a workshop in
Geneva with specialists from 31 countries. The specialists reviewed the Blue Book chapter by chapter and proposed
new information to ensure the advice remains relevant to current demands on health-care facilities. During the
following four years, every chapter was revised by authors from around the world. These authors gave their time
voluntarily, and their drafts were extensively peer-reviewed before being edited into a final form.

The new Blue Book is designed to continue to be a source of impartial health-care information and guidance on
safe waste-management practices. The editors’ intention has been to keep the best of the original publication and
supplement it with the latest relevant information.

The audience for the Blue Book has expanded. Initially, the publication was intended for those directly involved
in the creation and handling of health-care wastes: medical staff, health-care facility directors, ancillary health
workers, infection-control officers and waste workers. This is no longer the situation. A wider range of people
and organizations now have an active interest in the safe management of health-care wastes: regulators, policy-
makers, development organizations, voluntary groups, environmental bodies, environmental health practitioners,
advisers, researchers and students. They should also find the new Blue Book of benefit to their activities.

Chapters 2 and 3 explain the various types of waste produced from health-care facilities, their typical characteristics
and the hazards these wastes pose to patients, staff and the general environment. Chapters 4 and 5 introduce the
guiding regulatory principles for developinglocal or national approaches to tackling health-care waste management
and transposing these into practical plans for regions and individual health-care facilities. Specific methods and
technologies are described for waste minimisation, segregation and treatment of health-care wastes in Chapters 6,
7 and 8. These chapters introduce the basic features of each technology and the operational and environmental
characteristics required to be achieved, followed by information on the potential advantages and disadvantages of
each system.




To reflect concerns about the difficulties of handling health-care wastewaters, Chapter 9 is an expanded chapter
with new guidance on the various sources of wastewater and wastewater treatment options for places not connected
to central sewerage systems. Further chapters address issues on economics (Chapter 10), occupational safety
(Chapter 11), hygiene and infection control (Chapter 12), and staff training and public awareness (Chapter 13).

A wider range of information has been incorporated into this edition of the Blue Book, with the addition of two
new chapters on health-care waste management in emergencies (Chapter 14) and an overview of the emerging
issues of pandemics, drug-resistant pathogens, climate change and technology advances in medical techniques that
will have to be accommodated by health-care waste systems in the future (Chapter 15).

One further refinement has been a reformatting of most chapters to provide a more consistent appearance. Chapters
begin with a list of basic questions to be answered and then describe the relevant concepts and techniques. They
conclude with an outline of the minimum level of activity that should be present in a health-care facility, together
with a summary of desirable improvements to this minimum. Finally, a list of the key points addressed in the
chapter is provided as an aide memoire for readers.

Health-care waste will continue to be influenced by new social, economic and cultural circumstances. The revisions
to the Blue Book ensure it remains an authoritative reference for the next decade, but work will not stop with this
publication. WHO will continue to develop and improve its guidance, and welcome feedback.

The Editors
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Definition and characterization of
health-care waste

Key questions to answer

How is health-care waste defined and classified in national laws and regulations?

Which places in a health-care facility produce health-care waste?

Has a waste assessment of a health-care facility been conducted?

What are the composition, quantities and characteristics of health-care waste produced?

2.1 General definition and classification

The term health-care waste includes all the waste generated within health-care facilities, research centres and
laboratories related to medical procedures. In addition, it includes the same types of waste originating from minor
and scattered sources, including waste produced in the course of health care undertaken in the home (e.g. home
dialysis, self-administration of insulin, recuperative care).

Between 75% and 90% of the waste produced by health-care providers is comparable to domestic waste and
usually called “non-hazardous” or “general health-care waste”. It comes mostly from the administrative, kitchen
and housekeeping functions at health-care facilities and may also include packaging waste and waste generated
during maintenance of health-care buildings (Figure 2.1). The remaining 10-25% of health-care waste is regarded
as “hazardous” and may pose a variety of environmental and health risks (see Chapter 3).

Infectious (hazardous
health-care waste) 10%

Chemical/radioactive
(hazardous health-care
waste) 5%

General (non-hazardous
health-care waste) 85%

Figure 2.1 Typical waste compositions in health-care facilities

A classification of hazardous health-care waste is summarized in Table 2.1.




Table 2.1 Categories of health-care waste

Waste category Descriptions and examples

Hazardous health-care waste

Sharps waste Used or unused sharps (e.g. hypodermic, intravenous or other needles; auto-disable
syringes; syringes with attached needles; infusion sets; scalpels; pipettes; knives; blades;
broken glass)

Infectious waste Waste suspected to contain pathogens and that poses a risk of disease transmission (see
section 2.1.2) (e.g. waste contaminated with blood and other body fluids; laboratory
cultures and microbiological stocks; waste including excreta and other materials that
have been in contact with patients infected with highly infectious diseases in isolation

wards)
Pathological waste Human tissues, organs or fluids; body parts; fetuses; unused blood products
Pharmaceutical waste, Pharmaceuticals that are expired or no longer needed; items contaminated by or
cytotoxic waste containing pharmaceuticals

Cytotoxic waste containing substances with genotoxic properties (e.g. waste containing
cytostatic drugs — often used in cancer therapy; genotoxic chemicals)

Chemical waste Waste containing chemical substances (e.g. laboratory reagents; film developer;
disinfectants that are expired or no longer needed; solvents; waste with high content of
heavy metals, e.g. batteries; broken thermometers and blood-pressure gauges)

Radioactive waste Waste containing radioactive substances (e.g. unused liquids from radiotherapy or
laboratory research; contaminated glassware, packages or absorbent paper; urine and
excreta from patients treated or tested with unsealed radionuclides; sealed sources)

Non-hazardous or general ~ Waste that does not pose any particular biological, chemical, radioactive or physical
health-care waste hazard

2.1.1 Sharps waste

Sharps are items that could cause cuts or puncture wounds, including needles, hypodermic needles, scalpels and
other blades, knives, infusion sets, saws, broken glass and pipettes. Whether or not they are infected, such items are
usually considered highly hazardous health-care waste and should be treated as if they were potentially infected.

2.1.2 Infectious waste

Infectious waste is material suspected to contain pathogens (bacteria, viruses, parasites or fungi) in sufficient
concentration or quantity to cause disease in susceptible hosts. This category includes:

 waste contaminated with blood or other body fluids
« cultures and stocks of infectious agents from laboratory work

» waste from infected patients in isolation wards.

Waste contaminated with blood or other body fluids include free-flowing blood, blood components and other body
fluids; dressings, bandages, swabs, gloves, masks, gowns, drapes and other material contaminated with blood or other
body fluids; and waste that has been in contact with the blood of patients undergoing haemodialysis (e.g. dialysis
equipment such as tubing and filters, disposable towels, gowns, aprons, gloves and laboratory coats).

Laboratory cultures and stocks are highly infectious waste. Waste from autopsies, animal bodies, and other waste
items that have been inoculated, infected, or in contact with highly infectious agents (based on the World Health
Organization’s [WHO] Laboratory biosafety manual (WHO, 2004) or other international or national risk-based
classification of pathogens) are highly infectious waste. Discarded instruments or materials that have been in contact
with persons or animals infected with highly infectious agents are also to be considered infectious waste.
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Waste from infected patients in isolation wards includes excreta, dressings from infected or surgical wounds, and
clothes heavily soiled with human blood or other body fluids. Waste from non-infective patients and that is not
contaminated with blood or body fluids may be considered non-infectious. In low-resource settings, the infection-
control or medical personnel should determine whether waste from non-isolation ward patients should be classified
as infectious waste. They should apply the principles of the chain of infection (Chapter 3) to assess the risk of disease
transmission from local practices used in the collection, handling, transport, treatment and disposal of waste.

2.2 Pathological waste

Pathological waste could be considered a subcategory of infectious waste, but is often classified separately —
especially when special methods of handling, treatment and disposal are used. Pathological waste consists of tissues,
organs, body parts, blood, body fluids and other waste from surgery and autopsies on patients with infectious
diseases. It also includes human fetuses and infected animal carcasses. Recognizable human or animal body parts
are sometimes called anatomical waste. Pathological waste may include healthy body parts that have been removed
during a medical procedure or produced during medical research.

2.3 Pharmaceutical waste, including genotoxic waste

Pharmaceutical waste includes expired, unused, spilt and contaminated pharmaceutical products, prescribed and
proprietary drugs, vaccines and sera that are no longer required, and, due to their chemical or biological nature,
need to be disposed of carefully. The category also includes discarded items heavily contaminated during the
handling of pharmaceuticals, such as bottles, vials and boxes containing pharmaceutical residues, gloves, masks
and connecting tubing.

Genotoxic waste is highly hazardous and may have mutagenic (capable of inducing a genetic mutation), teratogenic
(capable of causing defects in an embryo or fetus) or carcinogenic (cancer-causing) properties. The disposal of
genotoxic waste raises serious safety problems, both inside hospitals and after disposal, and should be given special
attention. Genotoxic waste may include certain cytostatic drugs (see below), vomit, urine or faeces from patients
treated with cytostatic drugs, chemicals and radioactive material.

Technically, genotoxic means toxic to the deoxyribonucleic acid (DNA); cytotoxic means toxic to the cell; cytostatic
means suppressing the growth and multiplication of the cell; antineoplastic means inhibiting the development of
abnormal tissue growth; and chemotherapeutic means the use of chemicals for treatment, including cancer therapy.

Cytotoxic (chemotherapeutic or antineoplastic) drugs, the principal substances in this category, have the ability
to kill or stop the growth of certain living cells and are used in chemotherapy of cancer. They play an important
role in the therapy of various neoplastic conditions, but are also finding wider application as immunosuppressive
agents in organ transplantation and in treating various diseases with an immunological basis. Cytotoxic drugs
are most often used in specialized departments, such as oncology and radiotherapy units, whose main role is
cancer treatment. Their use in other hospital departments and outside the hospital in clinics and elsewhere is also
increasing.

Cytostatic drugs can be categorized as follows:

o alkylating agents: cause alkylation of DNA nucleotides, which leads to cross-linking and miscoding of the
genetic stock;

« antimetabolites: inhibit the biosynthesis of nucleic acids in the cell;

« mitotic inhibitors: prevent cell replication.
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Cytotoxic wastes are generated from several sources and can include the following:

« contaminated materials from drug preparation and administration, such as syringes, needles, gauzes, vials,
packaging;

« outdated drugs, excess (leftover) solutions, drugs returned from the wards;

o urine, faeces and vomit from patients, which may contain potentially hazardous amounts of the administered
cytostatic drugs or of their metabolites, and which should be considered genotoxic for at least 48 hours and
sometimes up to 1 week after drug administration.

In specialized oncological hospitals, genotoxic waste (containing cytostatic or radioactive substances) may
constitute as much as 1% of the total health-care wastes.

Common genotoxic substances, excluding radioactive substances, used in health care are listed in Box 2.1.

Box 2.1 Common genotoxic products used in health care?

Classified as carcinogenic

Chemicals:

+ benzene

Cytotoxic and other drugs:

« azathioprine, chlorambucil, chlornaphazine, ciclosporin, cyclophosphamide, melphalan, semustine, tamoxifen,
thiotepa, treosulfan

Classified as possibly or probably carcinogenic

Cytotoxic and other drugs:

. azacitidine, bleomycin, carmustine, chloramphenicol, chlorozotocin, cisplatin, dacarbazine, daunorubicin,
dihydroxymethylfuratrizine (e.g. Panfuran S - no longer in use), doxorubicin, lomustine, methylthiouracil,
metronidazole, mitomycin, nafenopin, niridazole, oxazepam, phenacetin, phenobarbital, phenytoin, procarbazine
hydrochloride, progesterone, sarcolysin, streptozocin, trichlormethine

a Classified by working groups of the International Agency for Research on Cancer (IARC)

2.4 Chemical waste

Chemical waste consists of discarded solid, liquid and gaseous chemicals; for example, from diagnostic and
experimental work and from cleaning and disinfecting procedures. Chemical waste from health care is considered
to be hazardous if it has at least one of the following properties. More details on the nature of these risks are
presented in Chapter 3:

o toxic (harmful)

+ corrosive (e.g. acids of pH <2 and bases of pH >12)
o flammable

o reactive (explosive, water reactive, shock sensitive)
 oxidizing.

Non-hazardous chemical waste consists of chemicals with none of the above properties; for example, sugars, amino
acids and certain organic and inorganic salts, which are widely used in transfusion liquids.

The most common types of hazardous chemicals used in health-care centres and hospitals, and the most likely to
be found in waste, are described in the following paragraphs.
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Formaldehyde is a significant source of chemical waste in hospitals. It is used to clean and disinfect equipment
(e.g. haemodialysis or surgical equipment); to preserve specimens; to disinfect liquid infectious waste; and in
pathology, autopsy, dialysis, embalming and nursing units.

Photographic fixing and developing solutions are used in X-ray departments where photographic film continues
to be used. The fixer usually contains 5-10% hydroquinone, 15% potassium hydroxide and less than 1% silver. The
developer contains approximately 45% glutaraldehyde. Acetic acid is used in both “stop” baths and fixer solutions.

Wastes containing solvents are generated in various departments of a hospital, including pathology and histology
laboratories and engineering departments. Solvents include halogenated and non-halogenated compounds. Waste
organic chemicals generated in health-care facilities include disinfecting and cleaning solutions, vacuum-pump
and engine oils, insecticides and rodenticides. Waste inorganic chemicals consist mainly of acids and alkalis,
oxidants and reducing agents.

Wastes from materials with high heavy-metal contents represent a subcategory of hazardous chemical waste and
are usually highly toxic. Mercury is an example of a highly toxic yet common substance in health-care facilities.
Mercury wastes are typically generated by spillage from broken clinical equipment, but their volume is decreasing
in many countries with the substitution of mercury-free instruments (e.g. digital thermometers, aneroid blood-
pressure gauges). Whenever possible, spilt drops of mercury should be recovered. Residues from dentistry also
have high mercury contents. Cadmium waste comes mainly from discarded batteries. Reinforced wood panels
containing lead are still used in radiation proofing in X-ray and diagnostic departments.

Many types of gas are used in health care and are often stored in portable pressurized cylinders, cartridges and
aerosol cans. Many of these are reusable, once empty or of no further use (although they may still contain residues).
However, certain types — notably aerosol cans — are single-use containers that require disposal. Whether inert or
potentially harmful, gases in pressurized containers should always be handled with care; containers may explode
if incinerated or accidentally punctured.

Table 2.2 lists the general classes of chemical waste found in health-care facilities.

Table 2.2 Chemical waste from health-care activities

Chemical waste Examples

Halogenated solvents ~ Chloroform, methylene chloride, perchloroethylene, refrigerants,

trichloroethylene

Non-halogenated
solvents

Halogenated
disinfectants

Aldehydes
Alcohols

Other disinfectants
Metals

Acids

Bases

Oxidizers

Reducers
Miscellaneous

Acetone, acetonitrile, ethanol, ethyl acetate, formaldehyde, isopropanol,
methanol, toluene, xylenes

Calcium hypochlorite, chlorine dioxide, iodine solutions, iodophors, sodium
dichloroisocyanurate, sodium hypochlorite (bleach)

Formaldehyde, glutaraldehydes, ortho-phthalaldehyde

Ethanol, isopropanol, phenols

Hydrogen peroxide, peroxyacetic acid, quarternary amines
Arsenic, cadmium, chromium, lead, mercury, silver

Acetic, chromic, hydrochloric, nitric, sulfuric

Ammonium hydroxide, potassium hydroxide, sodium hydroxide

Bleach, hydrogen peroxide, potassium dichromate, potassium
permanganate

Sodium bisulfite, sodium sulfite

Anaesthetic gases, asbestos, ethylene oxide, herbicides, paints, pesticides,
waste oils
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2.5 Radioactive waste

Radioactive wastes are materials contaminated with radionuclides. They are produced as a result of procedures
such as in vitro analysis of body tissue and fluid, in vivo organ imaging and tumour localization, and various
investigative and therapeutic practices.

Radionuclides used in health care are in either unsealed (or open) sources or sealed sources. Unsealed sources
are usually liquids that are applied directly, while sealed sources are radioactive substances contained in parts of
equipment or encapsulated in unbreakable or impervious objects, such as pins, “seeds” or needles.

Radioactive health-care waste often contains radionuclides with short half-lives (i.e. half of the radionuclide content
decays in hours or a few days); consequently, the waste loses its radioactivity relatively quickly. However, certain
specialized therapeutic procedures use radionuclides with longer half-lives; these are usually in the form of small
objects placed on or in the body and may be reused on other patients after sterilization. Waste in the form of sealed
sources may have a relatively high radioactivity, but is only generated in low volumes from larger medical and
research laboratories. Sealed sources are generally returned to the supplier and should not enter the waste stream.

The waste produced by health-care and research activities involving radionuclides and related equipment
maintenance and storage can be classified as follows:

o sealed sources;

 spent radionuclide generators;

« low-level solid waste (e.g. absorbent paper, swabs, glassware, syringes, vials);

o residues from shipments of radioactive material and unwanted solutions of radionuclides intended for
diagnostic or therapeutic use;

« liquid immiscible with water, such as liquid scintillation counting;
« residues used in radioimmunoassay, and contaminated pump oil;

o waste from spills and from decontamination of radioactive spills;

o excreta from patients treated or tested with unsealed radionuclides;
o low-level liquid waste (e.g. from washing apparatus);

 gases and exhausts from stores and fume cupboards.

2.6 Non-hazardous general waste

Non-hazardous or general waste is waste that has not been in contact with infectious agents, hazardous chemicals
or radioactive substances and does not pose a sharps hazard. A significant proportion (about 85%) of all waste
from health-care facilities is non-hazardous waste and is usually similar in characteristics to municipal solid waste.
More than half of all non-hazardous waste from hospitals is paper, cardboard and plastics, while the rest comprises
discarded food, metal, glass, textiles, plastics and wood.

In many places, community or regulatory requirements encourage materials recycling. In the past, all or most non-
hazardous and municipal waste was discarded in dumps or landfills or burnt in municipal incinerators. Greater
awareness of the environmental impacts of waste and the recognition that most of the non-hazardous waste from
health-care facilities is potentially recyclable or compostable have changed the approaches to managing general
waste (see Chapter 6).

Box 2.2 lists examples of common recyclable materials found in health-care facilities.
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Box 2.2 Common recyclable materials from health-care facilities

Corrugated cardboard boxes

Newspapers and magazines

Polyethylene terephthalate (PET or PETE) (e.g. plastic water bottles, soft-drink bottles)
Polystyrene packaging

Wood (e.g. shipping pallets)

Paper (e.g. white office paper, computer printer paper, coloured ledger paper)

Metals (e.g. aluminium beverage cans and containers, food tin cans, other metal containers)

High-density polyethylene (HDPE) (e.g. plastic milk containers, containers for food, plastic bottles for saline solutions or
sterile irrigation fluids)

Clear, coloured or mixed glass
Construction and demolition debris

In addition, durable goods such as used furniture, bed frames, carpets, curtains and dishware, as well as computer
equipment, printer cartridges and photocopying toners, are also potentially reusable. Flowers, food waste from
kitchen services and plant waste from grounds maintenance are examples of compostable waste.

2.7 Sources of health-care waste

Different types of health-care facilities can be viewed as major or minor sources of health-care waste, according to
the quantities produced. The major sources are listed in Box 2.3.

Box 2.3 Major sources of health-care waste

Hospitals
University hospital
General hospital
District hospital

Other health-care facilities

Emergency medical care services

Health-care centres and dispensaries

Obstetric and maternity clinics

Outpatient clinics

Dialysis centres

Long-term health-care establishments and hospices
Transfusion centres

Military medical services

Prison hospitals or clinics

Related laboratories and research centres
Medical and biomedical laboratories
Biotechnology laboratories and institutions
Medical research centres

Mortuary and autopsy centres
Animal research and testing
Blood banks and blood collection services

Nursing homes for the elderly
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Minor and scattered sources produce some health-care waste, but their quantities and composition will vary. These
sources typically have some common features:

« They rarely produce radioactive or cytostatic waste.

o Human body parts are not normally produced.

« Sharps consist mainly of hypodermic needles.

Box 2.4 lists some minor sources of health-care waste. However, it should be recognized that the quantities of waste

from the home treatment of medical conditions and long-term home-based care are rising significantly in many
countries.

Box 2.4 Minor sources of health-care waste

Small health-care establishments
First-aid posts and sick bays
Physicians’ offices

Dental clinics

Acupuncturists

Chiropractors

Specialized health-care establishments and institutions with low waste generation
Convalescent nursing homes

Psychiatric hospitals

Disabled persons’institutions

Activities involving intravenous or subcutaneous interventions
Cosmetic ear-piercing and tattoo parlours
Illicit drug users and needle exchanges

Funeral services
Ambulance services

Home treatment

The general composition of wastes is often characteristic of the type of medical facility and its health-care activities
(see Table 2.3).

In the absence of clear laws and guidelines, determining the proper classification of specific waste items should be
based on an understanding of the principles of disease transmission and hazardous chemical exposure. The infection-
control officer at larger health-care facilities plays an important role in this process. An item should be considered
an infectious waste if there is the likelihood that disease transmission can occur during the handling and disposal of
the item in question. For disease transmission to occur, the chain of infection requires the presence of pathogens of
sufficient virulence and dose, a mode of transmission (e.g. spills or breakage of containers, resulting in skin contact
or airborne transmission), a portal of entry (such as an open wound, inhalation or exposure through the mucous
membranes) and a susceptible host (e.g. cleaner, waste worker, scavenger at an open dump site). Some countries with
strong occupational safety programmes and well-designed systems for collection, transportation and disposal may
not consider certain items (e.g. waste with dried blood) as infectious waste; however, in other countries, those same
items may have to be treated as infectious waste if proper waste containers are not available, waste workers have no
personal protection or waste is discarded in open dump sites that are accessible to the public.
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2.8 Generation of health-care waste

Knowing the types and quantities of waste produced in a health-care facility is an important first step in safe disposal.
Waste-generation data are used in estimating the required capacities for containers, storage areas, transportation
and treatment technologies. Waste-generation data can be used to establish baseline data on rates of production
in different medical areas and for procurement specifications, planning, budgeting, calculating revenues from
recycling, optimization of waste-management systems, and environmental impact assessments.

Health-care waste-generation data are best obtained from quantitative waste assessments. An assessment entails
defining goals, planning, enlisting the cooperation of staff, procurement of equipment (e.g. weighing scales,
personal protective equipment), data collection, analysis and recommendations. The process of waste assessment
provides an opportunity to improve current practices, sensitize health workers about waste, and determine the
potential for waste minimization. Implementing rigorous segregation can avoid over-sizing of equipment and
result in cost savings.

The design of a waste-assessment programme can vary. Generally, data are collected regularly (typically daily)
from each area of a facility, waste items are segregated into separate containers, each container is weighed and the
weights produced are compared against the number of patients or beds in use. Data collection for a period of a few
days provides limited information and may not accurately reflect weekly or seasonal variations. Data collection
for a month or longer and repeated at different times in the year provides a more accurate picture and a better
understanding of the quantities of waste generated in individual parts of a facility. For waste minimization, a
breakdown of the amounts of recyclable materials is needed. In addition to calculating average rates, information
regarding the spread of the data (data range or standard deviation) is important. An example of a data-collection
form is given in Table 2.4. Instructions to data collectors should include worker safety, such as using personal
protective equipment and avoiding physical contact with infectious items.
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Table 2.3 Examples of health-care waste from different sources

Major sources (hospitals and medical centres)

Infectious and pathological waste Chemical, pharmaceutical and

cytotoxic waste

Sharps Non-hazardous or general waste

Broken thermometers and blood-
pressure gauges, spilt medicines,
spent disinfectants

Medical ward Hypodermic needles,
intravenous set
needles, broken vials

and ampoules

Dressings, bandages, gauze and cotton
contaminated with blood or body fluids;
gloves and masks contaminated with
blood or body fluids

Packaging, food scraps, paper, flowers,
empty saline bottles, non-bloody diapers,
non-bloody intravenous tubing and bags

Operating Needles, intravenous  Blood and other body fluids; suction Spent disinfectants Packaging; uncontaminated gowns, gloves,
theatre sets, scalpels, blades,  canisters; gowns, gloves, masks, gauze and Waste anaesthetic gases masks, hats and shoe covers
saws other waste contaminated with blood and
body fluids; tissues, organs, fetuses, body
parts
Laboratory Needles, broken glass, Blood and body fluids, microbiological Fixatives; formalin; xylene, toluene,  Packaging, paper, plastic containers

Petri dishes, slides and cultures and stocks, tissue, infected
cover slips, broken animal carcasses, tubes and containers
pipettes contaminated with blood or body fluids

methanol, methylene chloride
and other solvents; broken lab
thermometers
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Pharmacy store

Expired drugs, spilt drugs

Packaging, paper, empty containers

Radiology

Silver, fixing and developing
solutions; acetic acid;
glutaraldehyde

Packaging, paper

Chemotherapy

Needles and syringes

Bulk chemotherapeutic waste;
vials, gloves and other material
contaminated with cytotoxic
agents; contaminated excreta and
urine

Packaging, paper

Vaccination
campaigns

Needles and syringes

Bulk vaccine waste, vials, gloves

Packaging

Environmental

Broken glass

Disinfectants (glutaraldehyde,

Packaging, flowers, newspapers, magazines,

services phenols, etc.), cleaners, spilt cardboard, plastic and glass containers, yard
mercury, pesticides and plant waste
Engineering Cleaning solvents, oils, lubricants, Packaging, construction or demolition waste,

thinners, asbestos, broken mercury
devices, batteries

wood, metal

Food services

Food scraps; plastic, metal and glass
containers; packaging
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Table 2.3

continued

Minor sources

Sharps

Infectious and pathological waste

Chemical, pharmaceutical and
cytotoxic waste

Non-hazardous or general waste

Physicians’
offices

Needles and syringes,
broken ampoules and
vials

Cotton, gauze, dressings, gloves, masks
and other materials contaminated with
blood or other body fluids

Broken thermometers and blood-
pressure gauges, expired drugs,
spent disinfectants

Packaging, office paper, newspapers,
magazines, uncontaminated gloves and
masks

Dental offices

Needles and syringes,
broken ampoules

Cotton, gauze, gloves, masks and other
materials contaminated with blood and
other body fluids

Dental amalgam, spent
disinfectants

Packaging, office paper, newspapers,
magazines, uncontaminated gloves and
masks

Home health
care

Lancets and insulin
injection needles

Bandages and other material
contaminated with blood or other body
fluids

Broken thermometers

Domestic waste




Table 2.4 Daily data-collection form

Date

Name of data collector

Name of health facility

Number of occupied beds
Number of outpatients

Department Type of waste?

Weight (kg)

Volume (litre)

Notes®

a The type of waste should be consistent with the classifications used in the country (e.g. sharps, infectious, pathological/anatomical, chemical, pharmaceutical,
radioactive or general [non-hazardous] waste). General waste may be broken down further according to types of recyclable materials.
b Improper segregation practices, descriptions of containers in use, the level of fill of sharps containers or waste bags, and accidental spills should be noted.

If a quantitative waste assessment is not possible, other commonly used methods include a survey questionnaire
asking staff to estimate waste quantities, or observations and interviews with staff. When extrapolating data from
measurements at individual facilities or from survey questionnaires, consideration should be given to sampling

size and the selection of representative facilities.

Many factors affect the rate of waste generation, including:

o level of activity (often measured in terms of the number of occupied beds, number of patients per day, and/or

number of staff);

 type of department (e.g. general ward, surgical theatre, office);

 type or level of facility (e.g. clinic, provincial hospital);

o location (rural or urban);

« regulations or policies on waste classification;

o segregation practices;

 temporal variations (e.g. weekday versus weekend, seasonal);

o level of infrastructure development of the country.

Variations in waste generation according to the type or level of health-care facility, or between rural and urban
health-care facilities, may reflect differences in services provided, scale, organizational complexity, availability of
resources and the number of medical and other staff. Regulations or policies on waste classification as well as
segregation practices affect the breakdown of waste-generation rates. Dissimilarities among low-, middle- and high-
income countries may be partly due to differences in resources, services provided, available waste-management

systems and the proportion of single-use disposable items.

Average waste generation rates are calculated in kilograms (kg) per day or kg per year. Kilograms per occupied
bed per day, and kg per patient per day, are used especially when comparing different health-care facilities with
different levels of activities. If inpatient occupancy rates and the daily number of outpatients are not available,
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the total number of beds is often used to estimate kg per bed per day. For analysing departments within a health
system, Tudor (2007) suggests using kg per person per month (where “person” refers to both patients and staff) as
a more accurate and stable measure of activity, and as a tool to identify departments that could benefit from waste
reduction, reuse and recycling.

Waste-generation data from other countries must be used with caution because of the wide variability even within
a country and the many factors that influence the rates. The data in Figures 2.2 to 2.4, and in Tables 2.5 and 2.6, are
provided as indicative values and should be viewed only as examples. They may be useful for order-of-magnitude
estimations, but should not be used for detailed planning, budgeting or procurement. Even a limited survey will
probably provide more reliable data on local waste generation than any estimate based on data from other countries
or types of establishment.

2.9 Physicochemical characteristics

One aspect of a waste assessment is the characterization of the physicochemical composition of health-care waste.
This information is essential in developing waste-minimization plans. Setting up an efficient recycling programme
requires an understanding of the composition of general (non-hazardous) waste. Physicochemical parameters
of the infectious portion of the waste stream are useful in establishing equipment specifications or operating
parameters for treatment technologies. For example, some steam and microwave treatment systems rely on a
minimum amount of moisture to be present in waste; some chemical systems are affected by the organic load and
water content; and incineration is influenced by the percentage of incombustibles (ash), heating (calorific) value
and moisture content of waste.

Physical properties, such as bulk density (uncompacted mass per unit volume), are used to estimate storage,
transport and treatment chamber capacities, as well as specifications for compactors, shredders and other size-
reduction equipment. Common to any waste classification, the physicochemical characteristics of health-care
waste will vary from country to country and between health-care facilities within a country.
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B = total health-care waste; o = infectious waste; points represent averages; vertical columns are ranges of data

1-Bangladesh (includes clinics), 2-Cambodia, 3-Lao PDR, 4-Nigeria, 5-Vietnam, 6-Pakistan, 7-India, 8-Guyana, 9-Philippines, 10-Jordan, 11-Colombia, 12-Peru,
13-Thailand, 14-Iran, 15-Bulgaria, 16-Brazil (includes health centres and laboratories), 17-Turkey; 18-Taiwan (China), 19-Portugal, 20-Hong Kong (China),
21-Kuwait, 22-Italy, 23-United States of America

Source: Emmanuel (2007)

Figure 2.2 Total and infectious waste generation in selected hospitals (kg per bed per day)
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Figure 2.3 Total and infectious waste generation in selected hospitals (kg per occupied bed per day
or kg per patient per day)
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M = total health-care waste; o = infectious waste
1-Tanzania, 2-Bangladesh, 3-Pakistan, 4-Mongolia, 5-Ecuador, 6-South Africa, 7-Mauritius
Source: Emmanuel (2007)

Figure 2.4 Total and infectious waste generation in small clinics, health centres and dispensaries (in
kg per patient per day)
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Table 2.5 Total and infectious waste generation by type of health-care facility

(Pakistan, Tanzania, South Africa)
Type of health-care facility

Total health-care waste generation

Infectious waste generation

Pakistan
Hospitals

Clinics and dispensaries
Basic health units
Consulting clinics
Nursing homes
Maternity homes

2.07 kg/bed/day
(range: 1.28-3.47)

0.075 kg/patient-day
0.04 kg/patient-day
0.025 kg/patient-day
0.3 kg/patient-day
4.1 kg/patient-day

0.06 kg/patient-day
0.03 kg/patient-day
0.002 kg/patient-day

2.9 kg/patient-day

Tanzania

Hospitals

Health centres (urban)
Rural dispensaries
Urban dispensaries

0.14 kg/patient-day
0.01 kg/patient-day
0.04 kg/patient-day
0.02 kg/patient-day

0.08 kg/patient-day
0.007 kg/patient-day
0.02 kg/patient-day
0.01 kg/patient-day

South Africa

National central hospital
Provincial tertiary hospital
Regional hospital

District hospital
Specialized hospital
Public clinic

Public community health centre

Private day-surgery clinic

Private community health centre

1.24 kg/patient-bed/day
1.53 kg/patient-bed/day
1.05 kg/patient-bed/day
0.65 kg/patient-bed/day
0.17 kg/patient-bed/day
0.008 kg/patient-day
0.024 kg/patient-day
0.39 kg/patient-day
0.07 kg/patient-day

Sources: Pakistan data from four hospitals and other facilities in Karachi; Pescod & Saw (1998). Tanzania data based on a survey of facilities in Dar es Salaam;
Christen (1996), used with permission. South Africa data from a survey of 13 hospitals and 39 clinics in Gauteng and Kwa Zulu Natal; clinics have no beds and
may not be open all week; community health centres have up to 30 beds and operate 7 days a week; DEAT (2006)
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Table 2.6 Total and infectious waste generation by type of health-care facility: high-income country
(United States of America)

Type of health-care facility

Total health-care waste
generation

Infectious waste generation

Metropolitan general hospitals

Rural general hospitals

Psychiatric and other hospitals

Nursing homes
Laboratories

10.7 kg/occupied bed/day
6.40 kg/occupied bed/day
1.83 kg/occupied bed/day
0.90 kg/occupied bed/day
7.7 kg/day

2.79 kg/occupied bed/day
2.03 kg/occupied bed/day
0.043 kg/occupied bed/day
0.038 kg/occupied bed/day
1.9 kg/day

Doctor’s office (group practice, urban) 1.78 kg/physician-day 0.67 kg/physician-day

Doctor’s office (individual, urban) 1.98 kg/physician-day 0.23 kg/physician-day

Doctor’s office (rural) 0.93 kg/physician-day
1.75 kg/dentist-day
1.10 kg/dentist-day
1.69 kg/dentist-day

4.5 kg/veterinarian-day

0.077 kg/physician-day
0.13 kg/dentist-day

0.17 kg/dentist-day

0.12 kg/dentist-day

0.66 kg/veterinarian-day

Dentist’s office (group practice)

(
Dentist’s office (individual)

Dentist’s office (rural)

Veterinarian (group practice, metropolitan)

Veterinarian (individual, metropolitan) 0.65 kg/veterinarian-day 0.097 kg/veterinarian-day

Veterinarian (rural) 7.7 kg/veterinarian-day 1.9 kg/veterinarian-day

Source: Survey of 37 hospitals, 41 nursing homes, 20 laboratories, 8 funeral homes, 41 doctors' offices, 64 dentists' offices and 17 veterinarians in Florida, United
States of America; Sengupta (1990)

Different average bulk densities for health-care waste have been reported in the literature: 594 kg/m® (urban
hospitals, Tanzania; Mata & Kaseva, 1999); 218 kg/m® for total waste, 211 kg/m’ for general waste and
226 kg/m® for contaminated waste (hospitals, Peru; Diaz et al., 2008); 151 kg/m’ for general waste and 262 kg/m’
for contaminated waste (urban hospitals, Philippines; Pescod & Saw, 1998); and 110 kg/m’ including boxes and
100 kg/m* without boxes (large hospital, Italy; Liberti et al., 1994). More detail on the bulk densities for different
components of health-care waste found in Ecuador and Canada is given in Table 2.7.

Table 2.7 Bulk densities of health-care waste by components

Canada Ecuador

Component kg/m? Component kg/m?
Human anatomical 800-1200 General wastes 596
Plastics 80-2300 Kitchen wastes 322
Swabs, absorbents 80-1000 Yard wastes 126
Alcohol, disinfectants 800-1000 Paper/cardboard 65
Animal infected anatomical 500-1300 Plastic/rubber 85
Glass 2800-3600 Textiles 120
Bedding, shavings, paper, faecal matter 320-730 Sharps 429
Gauze, pads, swabs, garments, paper, 80-1000 Food wastes 580
cellulose

Plastics, polyvinyl chloride (PVC), syringes 80-2300 Medicines 959

7200-8000
990-1010

Sharps, needles
Fluid, residuals

Sources: Ontario Ministry of the Environment (1986); Diaz et al. (2008)

Determination of the material composition of general waste is important when setting up recycling programmes.
Table 2.8 shows the average material compositions of health-care waste from hospitals in different countries.
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Table 2.8  Average material composition of health-care waste
Jordan® Peru Turkey Taiwan (China) Kuwait Italy
Component % Component % Component % Component % Component % Component %
Paper 38 Mixed paper 22 Paper 16 Paper 34 Paper 24 Paper 34
Cardboard 5 Cardboard 5 Cardboard 8
Plastic 27 Plastic 12 Plastic 41 Plastic 26 Plastic 18 Plastics 46
Glass 10 Glass 8 Glass 7 Glass 7 Glass 10 Glass 8
Metals 5 Metal 2 Metal Metal 9 Metal 0.4
Food 17 Food 15 Food 12
Textiles 11 Cotton/ 18 Textiles 10 Textiles 9 Textiles 11
gauze
Placenta 8 Anatomical 0.1
Garbage 9 Other 27 Other 3 Other 3 Other 8 Liquids 12

a Kitchen waste excluded

Sources: Jordan data based on a 224-bed hospital; Awad, Obeidat & Al-Shareef (2005). Peru data based on an average of 6 hospitals; Ministerio de Salud (1995).
Turkey data based on 4 hospitals; Altin et al. (2003). Taiwan (China) data based on an average of 3 hospitals; Chih-Shan & Fu-Tien (1993). Kuwait data from
2 hospitals; Hamoda, EI-Tomi & Bahman (2005). Italy data based on 120 samples from a 1900-bed hospital; Liberti et al. (1994)

The moisture content of different components of overall health-care waste and infectious waste is shown in Table 2.9.
Wide differences are noted. Health-care waste from a 1900-bed hospital in Italy had an average moisture level of
26.76%, with a standard deviation of 8.48%, based on 409 samples (Liberti et al., 1994). Some departments, such
as obstetrics, paediatrics and dialysis, had moisture levels as high as 50%. Lower moisture content was found in the
waste from four hospitals in Turkey. They had an average moisture content of 14.15%. In addition, these hospitals
had an average percentage of incombustibles of about 8% (Altin et al., 2003).

Table 2.9

Moisture content (%) of health-care waste components

Overall health-care waste (%)

Infectious waste (%)

Component Ecuador Component Jordan Turkey Component Canada
Paper/cardboard 16 Paper 22-57 4.5 Human anatomical 70-90
Food 45 Food 63 Plastics 0-1
Textile 30 Textile 37-68 8.6 Swabs, absorbents 0-30
Plastic/rubber 15 Plastic 11-54 2.8 Alcohol, disinfectants 0-0.2
Kitchen waste 47 Garbage 37-57 Animal-infected anatomical 60-90
Garden wastes 40 Carton 5 Glass 0
Medicines 64 Metal 2.25 Bedding, shavings, paper, faecal 10-50
matter
Glass 2.05 Gauze, pads, swabs, garments, 0-30
paper, cellulose
Other 8 Plastics, polyvinyl chloride, 0-1
syringes
Sharps, needles 0-1
Fluid, residuals 80-100

Sources: Diaz et al. (2008); Awad, Obeidat & Al-Shareef (2005); Altin et al. (2003); Ontario Ministry of the Environment (1986)
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The percentages of residues from infectious hospital waste, based on 409 samples from a hospital in Italy, were
66% at 110 °C, 15% at 550 °C, and 14% at 1000 °C. A low heating value of wet hazardous health-care waste was
measured at 3500 kcal/kg (14.65 MJ/kg). The ranges of heating values for different components of health-care
waste are provided in Table 2.10.

Table 2.10 Heating value of health-care waste components

Component Heating value (as fired)
MJ/kg kcal/kg
Human anatomical 2-84 400-2000
Plastics 32-46 7700-11000
Swabs, absorbents 13-28 3100-6700
Alcohol, disinfectants 25-32 6100-7800
Animal infected anatomical 2-15 500-3600
Glass 0 0
Bedding, shavings, paper, faecal matter 9-19 2200-4500
Gauze, pads, swabs, garments, paper, 13-28 3100-6700
cellulose
Sharps, needles 0-0.1 0-30
Fluid, residuals 0-5 0-1100

Source: Based on Milburn (1990)

The approximate chemical composition of hospital waste is 37% carbon, 18% oxygen and 4.6% hydrogen, as
well as numerous other elements (Liberti et al., 1994). The toxic metals that are found in health-care waste and
that are readily emitted during combustion include lead, mercury, cadmium, arsenic, chromium and zinc. In
the past, elemental compositions were used to estimate the products of combustion, but this can be misleading
since health-care waste varies widely. Moreover, persistent organic pollutants such as polychlorinated dioxins
and furans cannot be predicted reliably from basic elemental compositions. These dioxins and furans are toxic
at extremely low concentrations. However, decreasing the percentage of halogenated plastics (such as polyvinyl
chloride) reduces the amounts of hydrogen chloride and other halogenated pollutants. As much as 40% of plastic
waste in modern hospitals is chlorinated plastics. To facilitate recycling, common plastics are now frequently
labelled with internationally recognized symbols and numbers: 1 — polyethylene terephthalate, 2 — high-density
polyethylene, 3 - polyvinyl chloride, 4 - low-density polyethylene, 5 — polypropylene, 6 - polystyrene and 7 —
other. Unfortunately, many polyvinyl chloride products in health care, such as blood bags, gloves, enteral feeding
sets and film wraps, are not labelled.

2.10 Minimum approach to overall management of health-care waste

All personnel dealing with health-care waste should be familiar with the main categories of health-care waste as set
out in either national or local regulations on waste classification. As a minimum, managers responsible for health-
care waste should conduct a walk-through of the facility to identify the medical areas that produce waste, to obtain
an initial estimate of the types and quantities of waste generated, and to understand how the waste is handled
and disposed of. A rapid assessment, combining observations with interviews and survey questionnaires, should
provide sufficient data to identify problems and begin the process of addressing them.
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2.11 Desirable improvements to the minimum approach

Beyond the minimal requirements, health-care facilities should adopt an organized approach to waste
characterization to obtain accurate data. This approach is necessary to develop or improve the waste management
system in use. Undertaking a formal waste assessment entails planning and preparation. From a systematic
assessment, one could:

o identify locations in the health-care facility where good waste segregation is undertaken and where segregation
practices need to be improved

o determine the potential for recycling and other waste-minimization measures
o estimate the quantities of hazardous health-care waste that require special handling

« obtain data to specify and size waste collection and transport equipment, storage areas, treatment technology
and disposal arrangements to be used.

Key points to remember

Between 75% and 90% of the waste produced by health-care facilities is non-hazardous or general health-care waste,
and only 10% to 25% of health-care waste has a hazard that requires careful management.

The distinct categories of health-care waste are sharps, infectious waste, pathological waste, pharmaceutical (including
cytotoxic) waste, hazardous chemical waste, radioactive waste and non-hazardous general waste. Infectious waste

can be further classified as wastes contaminated with blood or other body fluids, cultures and stocks, and waste from
isolation wards. Hazardous chemical waste includes halogenated and non-halogenated solvents, disinfectants, toxic
metals such as mercury, and other organic and inorganic chemicals.

Health-care waste comes from many sources, including major sources such as hospitals, clinics and laboratories, as well
as minor sources such as doctors’ offices, dental clinics and convalescent homes.

A significant portion of non-hazardous, general waste is recyclable or compostable.
Waste generation rates vary widely and are best estimated by local measurements.

Physicochemical characteristics of wastes vary widely and influence the suitability of individual recycling, collection,
storage, transport, treatment and disposal systems.
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Risks associated with health-care
waste

Key questions to answer

What are the main types of hazards associated with health-care waste?

What are the benefits from good health-care waste management?

Who is at risk from health-care waste?

What are the public health risks of health-care waste?

What are the environmental risks of health-care waste?

3.1 Overview of hazards

This chapter is concerned with identifying the types of hazards associated with health-care waste and who may
be at risk from them by describing the public and environmental health impacts that need to be controlled. The
large component of non-hazardous health-care waste is similar to municipal waste and should not pose any higher
risk than waste produced in households. It is the smaller hazardous health-care waste component that needs to be
properly managed so that the health risks from exposure to known hazards can be minimized. Protection of the
health of staff, patients and the general public is the fundamental reason for implementing a system of health-care
waste management.

3.1.1 Types of hazards

The hazardous nature of health-care waste is due to one or more of the following characteristics:

presence of infectious agents

a genotoxic or cytotoxic chemical composition

presence of toxic or hazardous chemicals or biologically aggressive pharmaceuticals
presence of radioactivity

presence of used sharps.

3.1.2 Persons atrisk

All individuals coming into close proximity with hazardous health-care waste are potentially at risk from exposure
to a hazard, including those working within health-care facilities who generate hazardous waste, and those who
either handle such waste or are exposed to it as a consequence of careless actions.

The main groups of people at risk are:

medical doctors, nurses, health-care auxiliaries and hospital maintenance personnel
patients in health-care facilities or receiving home care
visitors to health-care facilities

workers in support services, such as cleaners, people who work in laundries, porters




« workers transporting waste to a treatment or disposal facility

« workers in waste-management facilities (such as landfills or treatment plants), as well as informal recyclers
(scavengers).

The general public could also be at risk whenever hazardous health-care waste is abandoned or disposed of
improperly. The hazards associated with scattered, small sources of health-care waste should not be overlooked.
These sources include pharmaceutical and infectious waste generated by home-based health care, and contaminated
disposable materials such as from home dialysis and used needles from insulin injection, or even illicit intravenous
drug use.

3.1.3 Hazards from infectious waste and sharps

Infectious waste should always be assumed to potentially contain a variety of pathogenic microorganisms. This
is because the presence or absence of pathogens cannot be determined at the time a waste item is produced and
discarded into a container. Pathogens in infectious waste that is not well managed may enter the human body
through several routes:

« through a puncture, abrasion or cut in the skin

o through mucous membranes

by inhalation

« by ingestion.

The transmission of infection and its control is illustrated by a “chain of infection” diagram (Box 3.1). Each link
in the chain must be present and in the precise sequential order for an infection to occur. Health workers should
understand the significance of each link and the means by which the chain of infection can be interrupted.
Consequently, good health-care waste management can be viewed as an infection-control procedure. It is also

important to note that breaking any link in the chain will prevent infection, although control measures for health-
care waste are most often directed at the “mode of transmission” stage in the chain of infection.

Box 3.1 Chain of infection

Infectious Infectious agent: a microorganism that can cause disease

agent Reservoir: a place where microorganisms can thrive and
reproduce (e.g. in humans, animals, inanimate objects)

Portal of exit: a means for a microorganism to leave the reservoir
Susceptible Reservoir (e.g. respiratory, genitourinary and gastrointestinal tracts; skin
host and mucous membranes; and the placenta)

Mode of transmission: how the microorganism moves from one

Chain of infection place to another (e.g. contact, droplets, airborne)

Portal of entry: an opening allowing the microorganism to
invade a new host

Portal Portal Susceptible host: a person susceptible to the disease, lacking
of entry of exit immunity or physical resistance to prevent infection

Mode of
tranmission

Source: Adapted from Korn & Lux (2001)
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Examples of infections that might be caused by exposure to health-care waste are listed in Table 3.1, together with
the body fluids that are the usual vehicles of transmission and that contaminate waste items. Concentrated cultures
of pathogens and contaminated sharps (particularly hypodermic needles) are the waste items that pose the most
acute potential hazards to health.

Table 3.1

transmission vehicles

Type of infection

Examples of causative
organisms

Potential infections caused by exposure to health-care wastes, causative organisms and

Transmission vehicles

Gastroenteric infections

Respiratory infections

Ocular infection
Genital infections

Skin infections

Anthrax

Meningitis

Acquired immunodeficiency
syndrome (AIDS)
Haemorrhagic fevers

Septicaemia
Bacteraemia

Candidaemia

Viral hepatitis A

Viral hepatitis Band C
Avian influenza

Enterobacteria, e.g. Salmonella,
Shigella spp., Vibrio cholerae,
Clostridium difficile, helminths

Mycobacterium tuberculosis,
measles virus, Streptococcus
pneumoniae, severe acute
respiratory syndrome (SARS)

Herpesvirus

Neisseria gonorrhoeae,
herpesvirus

Streptococcus spp.
Bacillus anthracis
Neisseria meningitidis

Human immunodeficiency virus
(HIV)

Junin, Lassa, Ebola and Marburg
viruses

Staphylococcus spp.

Coagulase-negative
Staphylococcus spp. (including
methicillian-resistant S. aureus),
Enterobacter, Enterococcus,
Klebsiella and Streptococcus spp.

Candida albicans
Hepatitis A virus
Hepatitis B and C viruses
H5NT1 virus

Faeces and/or vomit

Inhaled secretions, saliva

Eye secretions
Genital secretions

Pus
Skin secretions
Cerebrospinal fluid

Blood, sexual secretions, body
fluids

All bloody products and
secretions

Blood
Nasal secretion, skin contact

Blood

Faeces

Blood and body fluids
Blood, faeces

There is particular concern about infection with human immunodeficiency virus (HIV) and hepatitis viruses B
and C, for which there is strong evidence of transmission from injury by syringe needles contaminated by human
blood, which can occur when sharps waste is poorly managed. Although theoretically any needle-stick injury can
lead to the transmission of bloodborne infections, there is some evidence that hollow needles are associated with
a higher risk of transmission than solid needles, such as suture needles (Puro, Petrosillo & Ippolito, 1995; Trim &
Elliott, 2003; Ganczak, Milona & Szych, 2006). Sharps represent a double risk. They may not only cause physical
injury but also infect these wounds if they are contaminated with pathogens. The principal concern is that infection
may be transmitted by subcutaneous introduction of the causative agent (e.g. viral blood infections).

The existence in health-care facilities of bacteria resistant to antibiotics and chemical disinfectants may also
contribute to the hazards created by poorly managed health-care waste. It has been demonstrated that plasmids
from laboratory strains contained in health-care waste were transferred to indigenous bacteria via the waste
disposal system (Novais et al., 2005). Moreover, antibiotic-resistant Escherichia coli have been shown to survive in
an activated sludge plant, although there does not seem to be significant transfer of this organism under normal
conditions of wastewater disposal and treatment.
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3.1.4 Hazards from chemical and pharmaceutical waste

Many of the chemicals and pharmaceuticals used in health care are hazardous. They are commonly present in small
quantities in health-care waste, whereas larger quantities may be found when unwanted or outdated chemicals
and pharmaceuticals are sent for disposal. Chemical wastes may cause intoxication, either by acute or chronic
exposure, or physical injuries — the most common being chemical burns. Intoxication can result from absorption
of a chemical or pharmaceutical through the skin or the mucous membranes, or from inhalation or ingestion.
Injuries to the skin, the eyes or the mucous membranes of the airways can occur by contact with flammable,
corrosive or reactive chemicals (e.g. formaldehyde and other volatile substances).

Laboratory staft are regularly exposed to dozens of chemicals during the course of their work, especially in specialist
and research hospitals.

The hazardous properties most relevant to wastes from health care are as follows:

« Toxic. Most chemicals are toxic at some level of exposure. Fumes, dusts and vapours from toxic materials can
be especially harmful because they can be inhaled and pass quickly from the lungs into the blood, permitting
rapid circulation throughout the body.

« Corrosive. Strong acids and alkali bases can corrode completely through other substances, including clothing.
If splashed on the skin or eyes, they can cause serious chemical burns and permanent injury. Some of these also
break down into poisonous gases, which further increase their hazardousness.

« Explosive. Some materials can explode when exposed to heat or flame, notably flammable liquids when ignited
in confined spaces, and the uncontrolled release of compressed gases.

o Flammable. Compounds with this property catch fire easily, burn rapidly, spread quickly and give off intense
heat. Many materials used and stored in medical areas, laboratories and maintenance workshops are flammable,
including solvents, fuels and lubricants.

o Chemically reactive. These materials should be used with extreme caution and stored in special containers.
Some can burn when exposed to air or water, some when mixed with other substances. It is important to note
that reactive materials do not have to be near heat or flames to burn. They may burn spontaneously in the
presence of air and also give off vapours that may be harmful if inhaled.

Common chemical waste types

Mercury

Mercury is a naturally occurring heavy metal. At ambient temperature and pressure, mercury is a silvery-white
liquid that readily vaporizes and may stay in the atmosphere for up to a year. When released to the air, mercury is
transported by air currents, ultimately accumulating in marine and lake bottom sediments. In these environments,
bacteria can transform inorganic mercury compounds into an organic form — methyl mercury — which is known
to accumulate in fish tissue and subsequently affect humans through the food chain (Box 3.2).

Mercury is highly toxic, especially in elemental form or as methyl mercury. It may be fatal if inhaled and harmful
if absorbed through the skin. Around 80% of the inhaled mercury vapour is absorbed into the blood through the
lungs. The nervous, digestive, respiratory and immune systems and kidneys can be harmed, as well as the lungs.
Adverse health effects from mercury exposure can be tremors, impaired vision and hearing, paralysis, insomnia,
emotional instability, developmental deficits during fetal development, and attention deficit and developmental
delays during childhood. Recent studies suggest that mercury may have no threshold below which some adverse
effects do not occur (WHO, 2005).
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Box 3.2 Health sector contribution of mercury in the environment

Mercury is used in several medical devices, especially fever thermometers and blood-pressure monitoring equipment.
These represent a hazard in terms of both breakage and long-term disposal. A less well-known source of mercury

in medical waste is batteries, particularly the small button batteries. American and European manufacturers are
removing mercury from their products, but it may still be present in those produced elsewhere (EC, 2006; Department
of Environmental Protection, 2009). Many health-care facilities have adopted a policy of gradual replacement with
mercury-free alternatives.

Health-care facilities also contribute up to 5% of the release of mercury to water bodies through untreated wastewater.
Environment Canada estimates that one third of mercury load in sewerage systems comes from dental practices.

Health-care waste incineration is one of the main sources of mercury release into the atmosphere from health-care
facilities. The United States Environmental Protection Agency estimates that medical incinerators may have historically
contributed up to 10% of mercury air releases.

In the United Kingdom, more than 50% of total mercury emissions come from mercury contained in dental amalgam,
and laboratory and medical devices.

Sources: Risher (2003); WHO (2005)

Silver

The use of mercury in health care is decreasing. Conversely, silver, another toxic heavy metal, is being used in ever
more applications, including as a bactericide and in nanotechnology. In large doses, it can turn a person’s skin
permanently grey. There is increasing concern with both regulators and others about the potential effects of silver,
including the possibility that bacteria develop resistance to the metal and subsequently also develop a resistance to
antibiotics (Chopra, 2007; Senjen & Illuminato, 2009).

Disinfectants

Disinfectants, such as chlorine and quaternary ammonium, are used in large quantities in health-care facilities,
and are corrosive. It should also be noted that reactive chemicals such as these may form highly toxic secondary
compounds. Where chlorine is used in an unventilated place, chlorine gas is generated as a by-product of its reaction
with organic compounds. Consequently, good working practices should be used to avoid creating situations where
the concentration in air may exceed safety limits.

Pesticides

Obsolete pesticides, stored in leaking drums or torn bags, can directly or indirectly affect the health of anyone who
comes into contact with them. During heavy rains, leaking pesticides can seep into the ground and contaminate
groundwaters. Poisoning can occur through direct contact with a pesticide formulation, inhalation of vapours,
drinking contaminated water or eating contaminated food. Other hazards may include the possibility of
spontaneous combustion if improperly stored, and contamination as a result of inadequate disposal, such as open
burning or indiscriminate burying.

3.1.5 Hazards from genotoxic waste

Special care in handling genotoxic waste is essential. The severity of the hazards for health-care workers responsible
for the handling or disposal of genotoxic waste is governed by a combination of the substance toxicity itself and
the extent and duration of exposure. Exposure to genotoxic substances in health care may also occur during the
preparation of, or treatment with, particular drugs or chemicals. The main pathways of exposure are inhalation of
dust or aerosols, absorption through the skin, ingestion of food accidentally contaminated with cytotoxic drugs,
ingestion as a result of bad practice, such as mouth pipetting, or from waste items. Exposure may also occur
through contact with body fluids and secretions of patients undergoing chemotherapy.

The cytotoxicity of many antineoplastic drugs is cell-cycle specific, targeted on specific intracellular processes
such as DNA synthesis and mitosis. Other antineoplastics, such as alkylating agents, are not phase specific but
are cytotoxic at any point in the cell cycle. Experimental studies have shown that many antineoplastic drugs are
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carcinogenic and mutagenic; secondary neoplasia (occurring after the original cancer has been eradicated) is
known to be associated with some forms of chemotherapy.

Many cytotoxic drugs are extreme irritants and have harmful local effects after direct contact with skin or eyes
(Box 3.3). Cytotoxic drugs may also cause dizziness, nausea, headache or dermatitis. Additional information on
health hazards from cytotoxic drugs may be obtained on request from the International Agency for Research on
Cancer (IARC).!

Any discharge of genotoxic waste into the environment could have disastrous ecological consequences.

Box 3.3 Cytotoxic drugs hazardous to eyes and skin

Alkylating agents

Vesicant (blistering) drugs: aclarubicin, chlormethine, cisplatin, mitomycin

Irritant drugs: carmustine, cyclophosphamide, dacarbazine, ifosfamide, melphalan, streptozocin, thiotepa
Intercalating agents

Vesicant drugs: amsacrine, dactinomycin, daunorubicin, doxorubicin, epirubicin, pirarubicin, zorubicin
Irritant drugs: mitoxantrone

Vinca alkaloids and derivatives

Vesicant drugs: vinblastine, vincristine, vindesine, vinorelbine

Epipodophyllotoxins

Irritant drugs: teniposide

3.1.6 Hazards from radioactive waste

The nature of illness caused by radioactive waste is determined by the type and extent of exposure. It can range
from headache, dizziness and vomiting to much more serious problems. Radioactive waste is genotoxic, and a
sufficiently high radiation dose may also affect genetic material. Handling highly active sources, such as those
used in diagnostic instruments (e.g. gallium sealed sources) may cause much more severe injuries, including tissue
destruction, necessitating the amputation of body parts. Extreme cases can be fatal.

The hazards of low-activity radioactive waste may arise from contamination of external surfaces of containers or
improper mode or duration of waste storage. Health-care workers, and waste-handling and cleaning personnel
exposed to radioactivity are most at risk.

3.1.7 Hazards from health-care waste-treatment methods

In addition to the specific hazards posed by different types of health-care waste, there are occupational hazards
associated with waste-treatment processes. Some are similar to those common in industries using machinery:

o Flue gases from waste incinerators may have an impact on people living and working close to a treatment
site. The health risk is most serious where an incinerator is improperly operated or poorly maintained. If
poorly controlled, emissions from waste incinerators may cause health concern from particulates (associated
with increased cardiovascular and respiratory mortality and morbidity); volatile metals, such as mercury
and cadmium (associated with damage to the immune system, neurological system, lungs and kidneys); and
dioxins, furans and polycyclic aromatic hydrocarbons (which are known carcinogens but may also cause other
serious health effects) (Fritsky, Kumm & Wilken, 2001; Levendis et al., 2001; Matsui, Kashima & Kawano, 2001;
Brent & Rogers, 2002; Lee et al., 2002; Rushton, 2003; Lee, Ellenbecker & Moure-Eraso, 2004; Segura-Mufioz
et al., 2004).

1 See http://www.iarc.fr
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o Ash from the incineration of hazardous health-care waste may continue to pose a risk. Burnt-out needles and
glass may have been disinfected but can still cause physical injury. Furthermore, incinerator ash may contain
elevated concentrations of heavy metals and other toxic items, and the ash provides ideal conditions for the
synthesis of dioxins and furans, because it is often exposed for a long time to a temperature range of 200-450 °C.

« Autoclave and steam disinfection treatment methods can also pose potential hazards that need to be managed.
In particular, good maintenance and operation should be undertaken to avoid physical injuries from high
operating temperatures and steam generation. Post-waste treatment water contains organic and inorganic
contaminants. The concentrations should be monitored to ensure that discharges to sewerage systems are
within regulated limits.

o Health-care waste treatment mechanical equipment, such as shredding devices and waste compactors, can
cause physical injury when improperly operated or inadequately maintained.

o Burial of health-care waste in landfill sites may pose hazards to workers and public. The risks are often
difficult to quantify, and the most likely injury comes from direct physical contact with waste items. Chemical
contaminants or pathogens in landfill leachate may be released into surface streams or groundwater. On poorly
controlled land-disposal sites, the presence of fires and subsurface burning waste poses the further hazard of
airborne smoke. The smoke may contain heavy metals and other chemical contaminants that over time may
affect the health of site workers and the general public.

3.2  Public sensitivity

Quite apart from fear of health hazards, the general public is sensitive about the visual impact of anatomical waste,
particularly recognisable human body parts, including fetuses. There are no normal circumstances where it is
acceptable to dispose of anatomical waste inappropriately, such as dumping in a landfill.

In Muslim and some other cultures, especially in Asia, religious beliefs require human body parts to be returned
to a patient’s family and buried in cemeteries.

3.3  Public health impact

3.3.1 Impacts of infectious waste and sharps

In the year 2000, sharps injuries to health-care workers were estimated to have caused about 66 000 hepatitis B
(HBV), 16 000 hepatitis C (HCV) and 200-5000 HIV infections among health-care workers (Priiss-Ustun et al.,
2005). For health-care workers, the fractions of these infections that are due to percutaneous occupational exposure
to HBV, HCV and HIV are 37%, 39% and 4%, respectively. It is estimated that more than two million health-care
workers are exposed to percutaneous injuries with infected sharps every year (Priiss-Ustiin et al., 2005). In certain
facilities and countries, health-care workers may have several percutaneous sharps injuries per year, although this
could be avoided by training on the safe management of sharps. Table 3.2 lists the common medical and waste-
management procedures that led to a sharps injury, in selected countries. Scavengers on waste disposal sites are
also at significant risk from used sharps (although these risks are not well documented). The risk of a sharps injury
among patients and the public is much lower.
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Table 3.2  Frequency of procedure that health-care workers were using at the moment of
percutaneous injury, selected countries

Procedure involved in the accident (%)?

Country Recapping Stuck by Disassembling During Unattended Movement of
(reference) colleague device disposal needle patient

New Zealand 15.0 NR NR 21.0 NR NR
(Lum et al,,
1997)

Nigeria 18.0 18.0 10.0 NR NR 29.0
(Adegboye et
al., 1994)

South Africa 17.4 7.2 3.0 9.6 4.8 234
(Karstaedt &

Pantanowitz,

2001)

Taiwan (Guo 32.1 3.1 2.6 6.1 NR NR
et al., 1999)

USA 12.0 NR NR 13.0 8.0 NR
(Mangione et
al., 1991)

NR, not reported; USA, United States of America
a The percentages do not sum to 100% because individual studies reported different categories of procedures from those in this table.
Source: Rapiti, Priiss-Usttin & Hutin (2005)

The annual rates of injuries from sharps in medical waste for health-care and sanitary service personnel, within and
outside hospitals, were estimated by the United States Agency for Toxic Substances and Diseases Registry (ATSDR)
in its report to Congress on medical waste (ATSDR, 1990). Many injuries are caused by recapping of hypodermic
needles before disposal into sharps containers, by unnecessary opening of these containers, and by using materials
that are not puncture-proof to construct these containers.

Box 3.4 summarizes data on occupational transmission of HIV. As of 30 June 1999, 191 American workers had been
reported to the Centers for Disease Control and Prevention’s (CDC’s) national surveillance system for occupationally
acquired HIV infection. Of this number, 136 workers reported occupational exposures to blood, body fluids, or
laboratory specimens containing HIV, and were considered possible cases of occupationally acquired HIV infection
(Beltrami et al., 2000). The risk of viral hepatitis B and C infection from contact with health-care waste may be more
significant, because these viruses are viable outside a host for longer than HIV.

The ATSDR report estimated the annual numbers of HBV infections resulting from injuries from sharps among
medical personnel and waste-management workers (Table 3.3). The annual number of HBV infections in the United
States of America resulting from exposure to health-care waste was between 162 and 321, out of an overall yearly total
of 300 000 cases from all causes.

There were insufficient data on other infections linked to health-care waste to allow any conclusions to be reached.
However, on the basis of the figures for HBV, all personnel handling health-care waste should be immunized against
the disease. A similar approach is not possible for HBC, because no vaccine is available.

3 Safe management of wastes from health-care activities



Box 3.4 Occupational transmission of HIV in France and the United States of America

France

In 1992, eight cases of human immunodeficiency virus (HIV) infection were recognized as occupational infections. Two
of these cases, involving transmission through wounds, occurred in waste handlers.

USA

In 1997, the Centers for Disease Control and Prevention (CDC) recognized 52 HIV infections as occupational infections,
45 of which were caused by percutaneous exposure, and 5 of which were caused by mucocutaneous exposure.

The infections caused by percutaneous exposure occurred through the following pathways:
+ 41 hollow-bore needles
2 broken glass vials
« 1scalpel
« 1 unknown sharp object.
Source: Bouvet & Groupe d’Etude sur le Risque d’Exposition au Sang, 1993; CDC, 1998

Table 3.3  Viral hepatitis B infections caused by occupational injuries from sharps (USA)

Professional category Annual number of people Annual number of HBV

injured by sharps infections caused by injury

Nurses:

in hospital 12 600-22 200 56-96

outside hospital 28 000-48 000 26-45
Hospital laboratory workers 800-7500 2-15
Hospital housekeepers 11 700-45 300 23-91
Hospital technicians 12200 24
Physicians and dentists in 100-400 <1
hospital
Physicians outside hospital 500-1700 1-3
Dentists outside hospital 100-300 <1
Dental assistants outside 2600-3900 5-8
hospital
Emergency medical personnel 12000 24
(outside hospital)
Waste workers (outside hospital) 500-7300 1-15

HBV, hepatitis B virus; USA, United States of America
Source: ATSDR (1990)

An outbreak of hepatitis B in Gujarat, India, in 2009 is thought to have claimed the lives of 60 people and was
blamed on the reuse of injection equipment. It led to the discovery of a black market where used needles and
syringes were repackaged and resold (Harhay et al., 2009; Solberg, 2009).

In any health-care facility, nurses and housekeeping personnel are the main groups at risk of injury, with annual injury
rates in the USA at 10-20 per 1000 workers. The highest rates of occupational injury among all workers exposed to
health-care waste are reported by cleaning personnel and waste handlers. In the USA, the annual rate is 180 per 1000
workers. The most numerous work-related injuries among health-care workers and waste collectors are sprains and
strains caused by lifting and overexertion, and not from the hazardous components of health-care waste.
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3.3.2 Impacts of chemical and pharmaceutical waste

There is no scientifically documented evidence of widespread illnesses among the general public due to chemical
or pharmaceutical waste from hospitals. Excreted pharmaceuticals from patients do find their way into waterways,
which can contribute to potentially serious environmental effects, including toxicity to wildlife and the generation
of antibiotic resistance in bacteria (e.g. Guardabassi et al., 1998).

Pharmacists, anaesthetists, and nursing, auxiliary and maintenance personnel may be at risk of respiratory or
dermal diseases caused by exposure to chemicals and pharmaceuticals. To minimize this type of occupational
risk, less hazardous chemicals should be substituted whenever possible and protective equipment provided to all
personnel likely to be exposed. Buildings in which hazardous chemicals are used should be properly ventilated,
and personnel handling hazardous materials should be trained in preventive measures and emergency care in case
of accident.

3.3.3 Impacts of genotoxic waste

There are very little data on the long-term health impacts of genotoxic health-care waste. This is partly because
of the difficulty of assessing human exposure to this type of compound. A study undertaken in Finland found
an excess of spontane