
International Journal of Recent Technology and Engineering (IJRTE)  
ISSN: 2277-3878, Volume-8 Issue-3, September 2019 

4781 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number C6863098319/2019©BEIESP 
DOI: 10.35940/ijrte.C6863.098319 
Journal Website: www.ijrte.org 
 

 
Abstract— The present research has used Graph Theory 

Matrix and Approach (GTMA) to evaluate Health Care Waste 
Management(HCWM) index. This index will be an indication of 
the degree of effectiveness of HCWM practices in the HCU’s. 

Responses collected through a questionnaire based survey was 
used to develop a GTMA model to evaluate Waste management 
Index(WMI).  A frame work also has been proposed to calculate 
theoretical best and worst value of WMI. The WMI of any HCU 
could be compared with theoretical best and worst values of WMI 
to check its closeness to these values. If the WMI value of any 
organization is closer to best value in comparison to the worst 
value then it could be inferred that the HCU is doing good in 
managing its waste. The WMI value would help HCUs in 
identifying the weaker areas of HCWM practices of their 
organization. 
 

Index terms: Health Care Waste Management(HCWM), Graph 
Theory Matrix and Approach (GTMA), Health Care Unit(HCU) 

I. INTRODUCTION 

Healthcare waste (HCW) or medical wastes are the 
discarded or unusable items derived from any category of 
healthcare facilities which are originated through their usual 
course of activities and it usually contributes a small 
percentage by weight to the municipal solid waste (MSW) 
streams[1]. The sources of healthcare waste are classified into 
two groups as major or minor according to the quantities of 
waste production. Major sources of HCWM includes Waste 
produced from Government hospitals, nursing homes, 
dispensaries, private hospitals, paramedical services and from 
research centers, Primary health centers, Blood banks, 
mortuaries and autopsy centers, Veterinary colleges and 
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animal research centers and Biotechnology institutions. The 
minor sources of HCWM include Waste from physicians and 
dentists clinics, blood donation camps and vaccination 
centers.Study conducted by World Health Organization in 
2015 reveals that only 15% of total waste generated from 
health care establishments, exhibit hazardous 
characteristics[2]. These wastes are called hazardous waste 
which is further categorized on the basis of its risk of causing 
infection and injury during its management process. 
Contaminated blades, needles, dressings, pathological waste, 
materials contaminated with blood or body fluids, anatomical 
body parts, microbiological cultures, instruments containing 
mercury, radioactive wastes etc fall under this hazardous 
waste category[3]. It has been observed due to defective 
implementation of regulations and dearth of awareness, 
supplied color coding drums are misused and unfair source 
segregation system is followed.   It leads conversion of 
non-infectious waste to Infectious and thus hampers the 
utilization of treatment and recycling opportunity of 
HCW[4].The wastes generated by the healthcare sector leave 
permanent effects in the air, water and earth thus posing 
serious environmental risks with the additional hazards of 
injection agents and viruses[5]. HCW contains large amounts 
of (Organic Solid Waste) OSW, which are estimated as the 
main sources of leachates. Besides, it contains a minor but 
significant quantity of chemicals and drugs which act as a 
great source of (terrestrial ecotoxicity)TET potential if it is 
disposed of unfair way. Moreover, illegal disposal of large 
volume of OSW, even landfills is liable for leachate emissions 
which contribute in the TET potential. Fresh water aquatic 
ecotoxicity (FWAET) occurs due to the transfer of toxic 
substances to fresh water aquatic ecosystems from HCWM 
system such as dumping and land filling. Human toxicity 
reflects the impacts on human health of toxic substances, e.g. 
dioxins and heavy metal(HM). Dioxins as well as 
HMs(e.g.,Hg,Pb,Cd) are particularly toxic air emissions 
generated by HCW open burning and incineration. India is a 
developing country and its population and economic growth 
is very fast. As a result, their environmental foot print is 
accelerating day to day. In contrast, environmental conscious 
among mass people is growing up. So government has 
strengthened existing regulations and still continued. 
International donors and buyers are giving pressure to 
government and industrial 
owners to improve 
environmental condition.   
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Hence, management of HCUs are searching for better 
technology to find out associated environmental burdens with 
their process and wastes along with substitute techniques to 
reduce environmental pollution. 

HCWM implementation is a complex task and its success is 
challenged by many factors. One of the important factor is 
lack of indicators to measure the effectiveness of the HCWM 
practices. In this regard an attempt has been made in this 
paper to develop a waste management index(WMI) which 
will indicate the degree of success of the HCWM practices of 
any HCU. This research employed graph theoretic and matrix 
approach(GTMA) to evaluate WMI for any HCU.  

II. LITERATURE REVIEW 

Romero and Carnero[6] developed a framework using 
AHP to carryout environmental impact assessment in Spanish 
health care units. Their model considered twelve indicators 
for environmental impact assessment which are further 
categorized into three major factors such as ‘environmental 

performance’, ‘environmental management’ and 

‘environmental situation’. 
Delmonico et al.,[7] investigated challenges experienced 

by Brazilian HCUs during management of their waste. This 
study identified 12 factors and categorized them under three 
major barriers, ‘infrastructural’, ‘human factors’ and 

‘management’. 
Study by Gunawardana,[8] on waste management practices 

in Colombo’s health care units identified 10 factors that 

influence effectiveness of waste management practices. The 
empirical study analyzed data collected from 156 hospitals 
and revealed that positive attitude of staff towards waste 
management practices could improve environmental 
performance of HCUs. 

Duane et al.,[9] Studied waste management issues in 
British dental hospitals. This study highlighted the types of 
waste generated and proposed several ways to improve the 
waste management practices. The study also identified few 
factors that encourage success of waste management 
practices. 

Doylo et al.,[10] assessed knowledge and practices of staffs 
of health care organizations of Ethiopia towards management 
waste. The study employed multivariable logistic regression 
model and revealed that 47.7% of the health care staffs 
demonstrate good knowledge while 42.3% exhibit good 
practices of waste management. 

Eren and Tuzkaya,[5] evaluated the risk of occupational 
health hazards associated with different stages of waste 
management practices in the HCUs of Turkey. They 
identified three major steps of waste management process as 
‘collection’, ‘temporary storage’ and ‘transportation’ and 

employed AHP to evaluate the potential transmission of 
infectious diseases to health care workers based on the 
responses collected from the health care staffs. 

Scanning of theses past literatures reveal that none of the 
studies have attempted to evaluate the effectiveness of Waste 
Management practices. 

From the literature we identified 12 indicators to evaluate 
waste management practices which are further categorized 
into 3 major categories as shown in the table below. 

Table:1 Waste Management Indicators 

Waste Management 
Indicators 

 
Contributors 

WR Waste Reduction 
 

WR1 
Management of stock 
levels 

[9] 

WR2 Green purchasing [6],[9],[11] 

WR3 
Reducing the impact 
of nitrogen 

[6] 

WR4 waste audit [6] 

R Recycling 
 

R1 
Use of reusable 
instruments 

[6],[9] 

R2 waste segregation [6],[11],[12],[13] 

R3 
Energy production 
from food waste 

[6] 

R4 Composting [6] 

WTD 
Waste Treatment 
and Disposal 

 

WTD1 Incineration 
[11],[12],[13] 

WTD2 Autoclaving [8] 

WTD3 Chemical disinfection [8] 

WTD4 Dumping/Land filling [8] 

III. METHODOLOGY & RESULTS 

The present research has used Graph theory matrix 
approach (GTMA) to evaluate HCWM index. This index will 
be an indication of the degree of effectiveness of HCWM 
practices in the HCU’s. GTMA keeps up the hierarchical 
structure and simultaneously use interdependencies between 
attributes. It is a consistent, systematic and versatile tool that 
being used in numerous applications was started from 
combinatorial mathematics. Graph    theory    matrix    
approach helps to evaluate and recognize the system as a 
whole by distinguishing framework and sub-framework up to 
the section or part level. It helps in choosing the most 
appropriate decision from among an enormous number of 
choices for a given issue. The graphs are utilized to signify 
practically any physical circumstance including discrete 
articles and relationship among them. A graph is utilized to 
characterize the factors and their interdependencies in the 
form of nodes and edges. Matrices produce an easy and 
refined means of demonstrating digraph, as it provides 
one-to-one demonstration. The perpetual of a matrix is 
utilized to describe setups of a framework or  the  structure  of  
a  graph  and  to  build up a  distinctive  depiction,  that  is  free 
of  labeling. It is a systematic and intelligent multi criteria 
decision making methodology and has been utilized for the 
evaluation purposes in earlier researches. The propelled 
hypothesis of GTMA have been utilized for modeling and 
investigation of different systems, and demonstrated to be 
choice by deciding material 
appropriateness index. 
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 Muduli et al.,[14] distinguished and ranked the barriers to 
GSCM in mining industries in India. GTMA is used to 
evaluate sustainable supply chain for medium and small scale 
industries[15]. This approach is utilized to determine 
maximum and minimum cost efficiency index for 
remanufacturing[16]. Supply chain management 
environmental index is developed and assessed by using this 
approach[17]. In GTMA, nodes and edges are two essential 
components which are utilized for representing correlation 
among nodes as directional graph (digraph). Here nodes 
represent as selection attribute. Selection attribute is 
characterized as a factor that sways the alternative best 
selection judgment. 

A. Model Development Using GTMA 

Graph theory examines and comprehend the framework in 
general by distinguishing the framework and subsystem up to 
the part level. That’s why it has been used as multipurpose 

model in wide applications[18]. The mathematical model 
created by graph theoretic approach considers both the 
influence of features itself and the degree of reliance among 
the features. Representation of the digraph is suitable for 
modeling and graphical assessment whereas representation of 
matrix is suitable for evaluating the digraph model. In this 
model the system is characterized by permanent function. Its 
index depicts the exceptional number helpful for correlation, 
level ranking and determination of optimum combination. 
The GTMA is classified into three sections. 

(i) Representation of digraph 
(ii) Representation of matrix 
(iii) Representation of permanent function 
Representation of digraph: Performance factors and their 

interrelationships are represented by using a digraph in terms 
of edges and nodes. Direction is not assigned in an undirected 
graph to the edges whereas or digraphs or directed graphs are 
assigned with directional edges. The digraph or directed 
graph contains a set of nodes P = {pi} with i=1, 2… M and a 

set of directed edges          E= {nij}. A node pi signifies ith 
parameter and edges signifies the interrelationships between 
factors. The total number of nodes, M = Number of factors 
taken for the system. If a node i has comparative importance 
over another node j, then a directed edge or arrow is drawn 
from node i to node j (nij). If a node j is having relative 
importance over i, then a directed edge or arrow is drawn from 
node j to node i (nji)   [19-22]. The digraph becomes more 
difficult when the number of nodes and their relative 
importance increases. Experts, from both academia and 
industry, have been consulted in identifying and developing 
the appropriate relationship between the factors. The digraph 
is useful in envisaging the relative importance effortlessly and 
quickly. Digraph is converted into a square matrix, known as 
relative importance matrix in which the off-diagonal factors 
characterize the relative importance of one attribute over 
another. The following elements or factors are taken into 
consideration as nodes in this research which has been 
utilized in Graphical representation: 

Node 1- Waste Reduction(WR); Node 2- Recycling (R); 
Node 3- Waste Treatment and Disposal (WTD) 

 
Figure-1: WMI Diagraph 

 
Figure 2: Diagraph for Attribute Waste 

Reduction(WR) 
 
Representation of matrix: As the number of nodes 

increases, the matrix representation of a digraph is framed to 
reduce its complicacy and also matrix representation of 
selection criteria digraph presents a one-to-one correlation 
among attributes and their comparative importance. When the 
digraph consists of M nodes, the attribute’s matrix is of size M 

×M. The attributes are represented as diagonal factors Wi and 
the comparative importance between attributes is depicted as 
off diagonal factors  . The relative importance values of the 
attributes could be selected from the table-2 as suggested by 
Muduli et al.,[14].  The matrix for WMI digraph-1 is given 
below. Similarly, the diagraph of attribute Waste 
Reduction(WR) could be represented as the matrix WR. 

 

   
…………..(1) 
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………..(2) 

 
Table 2: Relative Importance of Attributes ( ) 

Class Description Relative 
Importance of 

Attributes 

  

= 
10-  

Two attributes are of equal 
importance 

5 5 

One attribute is slightly 
important 

6 4 

One attribute is very important 
over The other 

7 3 

One attribute is most important 
over the other 

8 2 

One attribute is extremely 
important over the other 

9 1 

One attribute is exceptionally 
important over the other 

10 0 

 
Representation of permanent function: Permanent is a 

typical matrix function and is utilized to find the solution 
using combinatorial analysis[23]. The diagonal factors or 
variables denote the specific importance of attributes to the 
structure or inheritance. If in the structure, the matrix will vary 
with varying in number of attributes, a typical method of 
matrix function called as permanent function is calculated 
rather than the matrix from the determinant. Permanent 
function matrix is similar to determinant. The permanent 
function as well as the determinant, is a polynomial in the 
entries of matrix [22],[24]. These both are important cases of 
a general function of a matrix. It may possible that some 
information may be lost in case of determinant function of a 
matrix due to the presence of negative signs. Therefore 
researchers and scholars favored to consider the permanent 
function of advantageous to sort out real life problems in the 
area of science and technology [24-26] used GTMA for 
material a matrix for considering the entire information 
without any ignorance[19].  

In our research 3 major indices considered and each index 
include 4 factors. Hence, each index could be represented by a 
4×4 matrix. Evaluation of each index requires calculation of 
permanent of a 4×4 matrix. Hence, the general expression for 
permanent evaluation could be rewritten for a 4×4 factor 
matrix with diagonal elements as Wi and off-diagonal 
elements   as given in equation 3. 

Per(W)= 

  

IV. RESULTS AND DISCUSSION 

This research employed GTMA tool to evaluate the waste 
management index(WMI). The development of matrix is 

based on the responses collected from health care staffs. To 
collect responses from health care staffs a questionnaire based 
survey was conducted. A closed end questionnaire with 12 
items was provided to the respondents. The respondents were 
requested to provide weigh each of the elements in a scale of 
5. The average value of the respondents score was used to find 
the value of any attribute and the relative importance was 
selected from table-2. The respondents working in health care 
units of Odisha were selected for this study. Our sample 
comprises of respondents working in various fields such 
Doctors, Nurses, Lab technicians and Waste administrators. 
The matrix for each of the attributes were developed using the 
average score of respondents for the constituent elements of 
that attribute and   values provided in table-2. Then Using 
equation 3 permanent value of each index is calculate as 
follows. 

Per ( ) = = 6717, ...............................(4) 

Per ( ) = = 8366, ................................(5) 

Per ( ) = = 7434,.........................(6) 

Finally, the values of each index and their interrelationship 
matrix could be represented as given below. 

 
WMI=Per (W)  

= = 4177.5× , .......(7) 

The theoretical best and worst values of WMI also could be 
calculated as given below. 

= 

= 3375.0 ×× , .............(8) 

 

= = 3111.15 ×× , ...........(9) 

V. CONCLUSION 

Health care units generate several kinds of waste materials 
during the process of offering health care services. With the 
advancement of technology and the changing life style of 
people the quantity and risk associated with health care waste  
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also has grown significantly. Despite of attempts at several 
levels, governments, NGOs, research organisations and 
HCUs a little success has been attained in managing these 
wastes properly or controlling the environmental and health 
hazards caused by these health care waste. One significant 
step in this regard would be to develop a technique to measure 
the degree of success of waste management practices. This 
research proposed a framework to calculate WMI that would 
represent the degree of effectiveness of the waste 
management practices as a numerical value. The research 
further proposed techniques to evaluate theoretical best and 
worst value of WMI. The WMI of any HCU could be 
compared with theoretical best and worst values of WMI to 
check its closeness to these values. If the WMI value of any 
organization is more closer to best value in comparison to the 
worst value then it could be inferred that the HCU is doing 
good in managing its waste. 
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