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THE HIERARCHICAL STRUCTURE IN
HEALTHCARE WASTE MANAGEMENT

Abstract: The role of management of information
systems of local treasuries budget accounting is to
provide qualitative information support to management
in process of   decision making and to provide effective
managing of key processes of budget accounting, in
accordance with requests of management on all levels
of decision making. From the aspect of effectiveness
and request for quality, in accordance with request of
users, this research includes the analysis of
characteristics and goals of identified key processes,
critical succecs factors (CSF), key performance
indicators (KPI), standards for realization of users
requests, results of processes and  indicators of goals
realisation measures.  The  aim of this paper is to
present the model for evaluation of effectiveness and
quality  of management of information systems of local
treasuries budget accounting, based on results of the
analysis.
Keywords: quality model, model effectiveness, budget
accounting, management of information systems,
CFS,KPI

1. INTRODUCTION

 Healthcare waste management
(HCWM) is a serious public health
concern. In developing countries,
compared to developed nations, the
management of infectious wastes has not
received sufficient attention. Recently,
worldwide  awareness  has  grown  of  the
need  to  impose  stricter  controls  on  the
handling and disposal of wastes generated
by healthcare facilities [2]. For a HCWM
system to be sustainable, it needs to be
environmentally effective, economically
affordable, and socially acceptable.
Therefore, it is possible to conclude that
evaluation of HCWM alternatives, which
considers the need to trade-off multiple
conflicting criteria with inherent vagueness
and imprecision, is a highly important

multi-criteria decision making problem.
These multi-criteria problems can be
structured in hierarchical structure [5].
Healthcare management involves
optimisation problems and use of
information systems for large healthcare
institutions is inevitable. The analytical
information system that provides a support
in the process of solving the healthcare
management optimisation problems was
developed in [15]. This information system
presents a model for assessment of
depression treatment cost for each patient.
 Main topic of this paper is application
of multi-criteria decision making and
hierarchical problem structuring in
healthcare management. The multi-criteria
analysis in healthcare management can be
used for determining of the rank for
possible therapy procedures in medical
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treatment. Tadic et al. [14] provided a
short retrospection of the developed multi-
criteria fuzzy models for support of the
decision processes in medical treatment.
Furthermore, they described some fuzzy
expert systems for medical treatment
support.

In  first  part  of  this  paper,  basic
properties of healthcare waste are
specified; short retrospection of HCWM
problems in developing countries and
HCWM practice in Republic of Serbia are
introduced. Second part of this paper deals
with multi-criteria decision making in
HCWM, where one can find some
examples of hierarchical structures
applications in HCWM.

2.  HEALTHCARE WASTE

Healthcare waste is defined as "all
waste, hazardous or non-hazardous, which
is generated in the health services
(diagnosis, prevention, treatment and
research in human and veterinary

medicine)." In other words, the healthcare
(medical) waste means all waste generated
in medical and healthcare institutions,
medical research centers or laboratories.
Healthcare waste is a heterogeneous
mixture of wastes, while 10-25% is
hazardous waste poses a risk to human
health and the environment [16]. Basically,
there are these two types of healthcare
waste:
1. Non-hazardous waste (waste that has

no characteristics of hazardous waste
and it  is similar to waste generated in
households)

2. Hazardous wastes (waste which in its
origin, composition or concentration
of hazardous substances can cause
danger to the environment and human
health  and  has  at  least  one  of  the
hazardous characteristics defined by
special regulations, including
packaging in which hazardous waste
is packaged).
A basic classification of healthcare

wastes can be performed as in Table 1.
.

Waste category Description and examples

Infectious waste
Waste suspected to contain pathogens, e.g. laboratory cultures; waste from
isolation wards; tissues (swabs), materials, or equipment that have been in
contact with infected patients; excreta

Pathological waste Human tissues or fluids, e.g. body parts; blood and other body fluids; fetuses
Sharps Sharp waste, e.g. needles; infusion sets; scalpels; knives; blades; broken glass

Pharmaceutical waste
Waste containing pharmaceuticals, e.g. pharmaceuticals that are expired or no
longer needed; items contaminated by or containing pharmaceuticals (bottles,
boxes)

Genotoxic waste 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

Wastes with high
content of heavy metals Batteries; broken thermometers; blood pressure gauges; etc.

Pressurized containers Gas cylinders; gas cartridges; aerosol cans

Radioactive waste

Waste containing radioactive substances, e.g. unused liquids from radio
therapy or laboratory research; contaminated glassware, packages, or
absorbent paper; urine and excreta from patients treated or tested with
unsealed radionuclides; sealed sources
Table 1 - Categories of healthcare waste [12].

Healthcare wastes account for a very
small fraction, however, when this tiny

amount is not handled properly, it gets
mixed with domestic solid waste, and the



                                                  5th IQC May, 20 2011                                               167

whole waste stream becomes potentially
hazardous [6].

It is now commonly recognized that
certain categories of healthcare waste are
among the most hazardous and potentially
dangerous  of  all  wastes  arising  in  a
community. Relatively large quantities of
healthcare waste with a broad range of
compositions and characteristics can be
generated from various kinds of
therapeutic procedures, such as infectious
wastes, sharp objects, and hazardous
chemicals. The World Health Organization
has advocated that hospital wastes should
be treated as special wastes. The US
Environmental Protection Agency (EPA)
has also defined healthcare wastes as
hazardous [2].

3.  HEALTHCARE WASTE
MANAGEMENT IN SERBIA -
SHORT RETROSPECTION

 HCWM has been a significant
problem in most economically developing
countries. Most of the time, the main
reason for the mismanagement of these
wastes is the lack of appropriate legislation
and effective control; other reasons are:
financial strains and a lack of awareness.
 In the developing country context, the
availability of technology can also be seen
to be a major limitation to introducing safe
HCWM systems. Developing countries
often do not have support systems to
install, maintain, and operate developed
world environmental technologies. The
sustainable approach is to accommodate
the use of more environmentally sound
technologies in the design of the waste
management system. Environmentally
sound technologies are safer than the
technologies they replace and more suited
to the economic, social, and environmental
conditions of the developing country,
which can be contextually unique [4].
 In the developing country context,
especially, the focus is currently on the

management of generated waste in terms
of:
· Technical aspects, i.e. the most

appropriate technologies and/or
procedures for healthcare facilities
must be identified with respect to the
availability, capacity, and
maintainability;

· Costs, i.e. costs must be minimised at
national, district, and facility level;
and

· Risks, i.e. healthcare facilities
typically generate infectious
(hazardous) waste with associated
risks to human health (occupational
and societal) and the natural
environment, and these must be
minimized.
Ten years ago, HCWM in Serbia was

at  the  very  low level.  It  has  to  be  pointed
up that Serbia had no waste separation at
the source, and that the healthcare waste
has been disposed with other municipal
waste on landfills. There were no special
precaution measurements or procedures for
handling, transport or disposal of waste
from medical or healthcare institutions.
The amount of disposed waste was
assessed by number of containers that were
disposed from the institution, the type,
source or mass of waste in container was
not monitored [3].

Project “Technical Assistance for
Healthcare Waste Management”, funded
by the European Union through the
European Agency for Reconstruction, is
the first phase in organized activities of
Ministry of Health and Ministry of
Environmental Protection, and the
Veterinary Directorate to solve problem of
HCWM in Serbia. The main objective of
the project "Technical Assistance for
Healthcare Waste Management" was the
development of an efficient system for
collection, storage, treatment and disposal
of infectious healthcare waste, pursuant to
the national legislation, as well as
application of corresponding directives
from the countries within the European
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Union, which were adapted to the national
legislation [8].

Figure 1 - District model for handling
infectious healthcare waste [16]

The main objective in improving
infectious HCWM was to introduce a
uniform HCWM system (most
importantly, for infectious healthcare
waste) on the territory of the Republic of
Serbia.  In  the  Republic  of  Serbia,  the
district model (Figure 1) was applied to
infectious HCWM. 78 processing plants
for the treatment of infectious healthcare
waste have been distributed to healthcare
institutions in 25 administrative districts in
Serbia. In each district, at least one general
hospital, typically one which is in the
central town of the said administrative
district, was equipped with adequate
capacities - autoclave and shredder, for
waste sterilization and grinding, both for
its  own  waste  and  the  waste  produced  in
other healthcare institutions in that same
district. This hospital was designated
central waste treatment site. In towns with
a tertiary level of healthcare services,
primary healthcare centers play the part of

central waste treatments. The main
criterion used to determine which
institutions should receive the autoclaves
and shredders was the amount of infectious
healthcare waste produced in the given
healthcare institution [8].

Figure 2 - Healthcare waste color
classification in Serbia [16]

Figure 3 - En example of healthcare
waste labeling in Serbia for infectious

healthcare waste [16]
In Serbia, healthcare waste is marked

and classified by the following colors
(Figure 2):

· Black color - communal waste,
· Yellow color - infectious waste

(Figure 3),
· Red color - hazardous waste,
· Brown color - pathological waste,
· Green color - recyclable waste.

4.  HEALTHCARE WASTE
MANAGEMENT - EXAMPLES OF
HIERARCHICAL STRUCTURES

 Waste management is a complex
multi-criteria decision making problem
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because it deals with economical, social
and environmental aspects that have to be
satisfied and there can be several
alternative options how to reduce, recycle,
treat or dispose certain types of waste.
Multi-criteria decision making methods
often use hierarchical structure to describe
the decision problem. The following text
shows some examples of hierarchical
structure in HCWM.

Analytic Hierarchy Process (AHP)
uses an hierarchical structure that enables
all decision makers and members of the
evaluation team to visualize the problem
by taking into account relevant criteria,
whilst the team can revise the hierarchical
structure, if necessary, with additional
criteria and compare and determine the
weights of these criteria, systematically.

In  general  AHP  is  a  known  method
which has been applied in numerous case
studies before, including those for
assessment of technologies used for
environmental and waste management
[10]. In [9] AHP was used for assessment
of models for improvement of
environmental management system in
organizational performance. In this
approach a group multi-criteria decision
making with two decision making teams
structured AHP problem with criteria and

subcriteria defined by ISO 9126-1
standard.  In  [13]  weight  vector  was
obtained by application of pairwise
comparison by fuzzy AHP. The fuzzy
ratings of each decision maker were
described by linguistic expressions
modelled by the triangular fuzzy numbers.
Furthermore, in [1] AHP was used for
obtaining the criteria weight, and for
hierarchical structuring of the multi-
criteria problem in assessment of
environmental quality.

A case study in Greece [10] aimed to
assess potential and existing thermal
treatment options for the infectious
hospital  waste  that  was  produced  in  the
Region  of  Central  Macedonia  with  AHP.
In addition the study assessed an
alternative scenario where three of the
major hospitals in the area, decided to
manage their wastes in in situ incinerators.
This study structured the issue of
infectious hospital wastes management
into hierarchy, which consisted of three
levels (Figure 4). The first level was the
goal for selecting the best available
treatment option, the second level
consisted of criteria that contributed to this
goal and the third level denoted the
alternatives available for application.

Fig. 4 - The hierarchical structure for selection and evaluation of treatment options [10]
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Furthermore, in order to rank the
hospitals in province of Khuzestan and
determine the share of each hospital in the
total hospital solid waste pollution load
AHP was used. The proposed
methodology was used to evaluate data
from  40  hospitals  in  the  province  of
Khuzestan [11]. A hierarchy structure of
indicators was proposed (Figure 5) for
ranking the hospitals based on their solid
waste generation and the management
techniques.  As  shown  in  Figure  5,  there
were two main criteria for evaluating the
solid waste generation and management in

the second level of the structure, which
were evaluated based on the characteristics
of the hazardous and non-hazardous
hospital solid wastes. In this structure,
some sub-criteria such as separation,
storage, transportation and disposal of
different types of hospital solid wastes
were used, which were related to the solid
waste management criterion in level 2 in
the hierarchy structure of the criteria. Solid
waste generation was qualified by
evaluating the amount of hazardous and
non-hazardous hospital wastes.

Figure 5 - Proposed hierarchy structure of indicators and their relative weights  for ranking
of hospitals based on their solid waste generation and management [11]

Authors in [4] focused on application of
the  AHP  technique  in  the  context  of
sustainable development to establish and

optimise HCWM systems in rural areas of
developing countries. AHP was combined
with Life Cycle Management (LCM)
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approach for addressing a main objective
of HCWM systems, i.e. for minimization
of patients infection and workers within
the  system.  Brent  et  al.  [4]  proposed  a
model, which integrated the AHP with
other systems approaches in order to
establish primary HCWM systems that
minimizes infection risks in developing
countries. In the developed model the life
cycle system consisted of four distinct

main  phases,  each  with  a  number  of
components, which were generic to any
HCWM system (Figure 6). In this system
decision makers structured hierarchical
trees of options for the life cycle phases
(Figure 7), and through the hierarchies,
decision makers were thereby enabled to
select the preferred alternative for each life
cycle phase.

Figure 6 - The general life cycle of waste at primary healthcare facilities [4]

Figure 7 - An example of AHP options for the waste generation life cycle phase [4]

In [5], a fuzzy multi-criteria group
decision making framework was presented
to rectify the problems encountered when
using classical decision making methods in
evaluating healthcare waste disposal

technologies. Economic, technical,
environmental and social criteria and their
related sub-criteria (Figure 8) were
employed to assess healthcare waste
disposal alternatives, namely
"incineration", "steam sterilization",
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"microwave", and "landfill".

Figure 8 - Hierarchical structure for assessment of healthcare waste disposal alternatives [5]

Figure 9 - Hierarchical structure to select and evaluate the infectious medical waste disposal
firms [7]
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Hsu et al. [7] presented an AHP to
objectively select medical waste disposal
firms based on the results of interviews
with experts in the field, thus reducing
overhead costs and enhancing HCWM.

Evaluation factors for infectious
medical waste disposal firms comprised
several levels, including the goal
hierarchy, criteria hierarchy, sub-criteria
hierarchy and alternative hierarchy (Figure
9).

5.  CONCLUSION

 It is now commonly recognized that
certain categories of healthcare waste are
among the most hazardous and potentially
dangerous  of  all  wastes  arising  in  a
community. This is why the HCWM and
the separation of certain healthcare waste
categories are important. Waste
management is a complex multi-criteria
decision making problem because it deals
with economical, social and environmental

aspects that have to be satisfied and there
can be several alternative options how to
reduce, recycle, treat or dispose certain
types of waste. Therefore, proper HCWM
has become one of the major concerns for
developing countries in order to reach the
modern sustainable society.
 This paper described some multi-
criteria applications that use hierarchical
structure for HCWM. These applications
were used for selection of waste treatment
options, infectious medical waste disposal
firms, or to determine the share of each
hospital in the total hospital solid waste
pollution load. AHP was mainly used in
quoted applications for creating the
hierarchical structure of HCWM case
study problems. Developed systems
showed that hierarchical structure is a very
important tool for multi-criteria decision
making  and  it  can  be  very  useful  for
providing better understanding and clearer
insight in HCWM options.
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