
International Journal of Science Academic Research 
Vol. 05, Issue 08, pp.8134-8139, August, 2024 
Available online at http://www.scienceijsar.com 
	

 
ISSN: 2582‐6425 

Research Article 
	

ENVIRONMENTALLY RESPONSIBLE INNOVATIVE TECHNOLOGIES FOR BIOMEDICAL WASTE 
MANAGEMENT: IMPLEMENTING MACHINE LEARNING CLASSIFIERS AND IoT TRACKING 

 

*Said El Najjar 
 

Department of Environment, Indian Institute of Industry Interaction Education and Research, Tamilnadu, India 
 

Received	15th June 2024;	Accepted	18th July 2024;	Published	online	30th August 2024 
 
 

Abstract 
 

Biomedical waste management (BMWM) is necessary to control the spread of infectious debris. The health care organizations must disinfect, 
dispose and segregate waste properly. Therefore, new technologies must be implemented to dispose of biomedical waste (BMW) properly. The 
current study aimed to implement innovative methods to treat bio-medical waste using waste treatment technologies. A qualitative method was 
used to determine the existing practices in the disposal of BMW and to check hospital workers' knowledge of the biomedical waste recycling 
process. The images of COVID waste that were collected waste were classified and sorted to be recycled. A support vector machine (SVM) 
classifier and fuzzy-based system were used for categorizing the waste, and an IoT server was used to track it. The IoT-based monitoring system 
observes indoor, outdoor, and hazardous materials. RFID technology was used to monitor indoor waste, and GPS was used to collect outdoor 
waste. The study results showed that the recycling process is necessary in hospitals to treat BMW. Findings also show that the SVM classifier 
achieved specificity, sensitivity, and accuracy of about 95.9 %, 95.3 %, and 96.5 %, respectively. The medical waste is documented, tracked, 
located, scanned, and labeled using an IoT tracking device. Implementing these technologies in BMWM helps minimize waste and ensure proper 
waste disposal. Locating and monitoring more types of waste and separating them using IoT service systems ensures adequate segregation.  
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INTRODUCTION 

 
Medical waste management (MWM) was considered a 
significant issue after exposure to hepatitis B (HBV) and 
human immunodeficiency virus (HIV) during the 1980s and 
1990s (Kannadhasan & Nagarajan, 2022). The question was 
also raised on the risks ingrained in medical waste. 
Consequently, due to its multidimensional ramifications, 
hospital waste generation has become a fundamental concern. 
It is considered a risk to the health of the hospital staff and 
patients and expands past the frontier of establishing hospitals 
to familiar people (Salvia et al., 2021).Medical waste as the 
material produced after the treatment, diagnosis, and 
immunization in biomedical research and on patients is called 
hospital waste (Pandey et al., 2016). Biomedical waste (BMW) 
is built in veterinary institutes, animal houses, blood banks, 
laboratories, healthcare teaching institutes, hospitals, clinics, 
and research institutions (Kalia et al., 2020). Considerably, 
proper regulations must be carried out to dispose of medical 
Waste. The rules and regulations were recommended by the 
Centre for Disease Control (CDC) and the American Dental 
Association (ADA)(Reddy et al., 2019). In India, MWM 
mainly focuses on the BMW (Management and Handling) 
Rules, 1998, which the Ministry of Environment and Forest 
declared(BMW Management and Handling, 1998). The rules 
make it compulsory for medical establishments to dispose of, 
disinfect, and segregate their waste in an environmentally 
friendly way(Sharma et al., 2013).The issue of BMW became 
more complex when syringes were reused without proper 
sterilization, handling unprotected medical waste without 
wearing shoes, masks, and gloves and especially during the 
recycling process (Sharma et al., 2013).  
 
*Corresponding Author: Said El Najjar, 
Department of Environment, Indian Institute of Industry Interaction Education 
and Research, Tamilnadu, India. 

 
Due to the use of unsterilized syringes, 240 people in India 
were affected with hepatitis B in 2009 (Selvan Christyraj et al., 
2021). International Clinical Epidemiology Network inspected 
the existing BMW practices, such as the framework and setup 
of primary, secondary, and tertiary medical facilities available 
in twenty states during 2002-2004 (Datta et al., 2018). The 
investigation results showed that the health care facility at the 
tertiary level was 54%, the secondary level was 60%, and the 
primary level was 82%, but had no dependable management 
systems (Chartier, 2014). Nevertheless, though the measures 
for the disposal of BMW are available in India, it is required to 
take action to enhance the existing management system 
because of commitment and funding to the removal of BMW 
safely (Datta et al., 2018). In 2000, 2003, and 2011 the rules of 
BMW of 1998 were altered. The 2011 draft of BMW was not 
formulated because of the need for standards and consensus on 
the categories. The BMW rules were amended in March 2016 
by the Ministry of Climate, environment, and Forest Change 
(Raghuvanshi & Raghuvanshi, 2022). Improper BMWM leads 
to a considerable risk of nosocomial infection are patients. It 
also leads to variations in the spread of antibiotic resistance 
and microbial ecology. Healthcare workers (HCWs) face 
various difficulties due to the enhanced production of 
contagious waste, insufficient resources to manage enhanced 
waste, and intervention strategies used for recycling. 
Healthcare activities played a vital role in the management of 
BMW, and the patients were cared forby HCWs every day 
(Alomri et al., 2023; Sarkar et al., 2024). Notably, current 
biomedical waste management (BMWM) practices are limited 
to automated and efficient methods for tracking and sorting 
waste. Consequently, the need for the use of Artificial 
Intelligence (AI), Machine Learning (ML), and the Internet of 
Things (IoT) is significant to enhance the accuracy and 
efficiency of BMWM. Past studies lacked extensive 
exploration of the use of effective ML algorithms in the 



class
envir
 
 T

(S
s
te
in

 
MET
 
Fram
 
In th
for c
wast
an a
utiliz
(SVM
causa
cour
Thes
imag
class
below

8135

sification and 
ronmental and

The current re
SVM) and 
egregating BM
echnologies. 
ndoor, outdoo

THODOLOG

mework for G

heir work, Ro
cycle manufac
te with inadeq
approach to id
zing AI and M
M)(Rossi et a
ality approach
se characteris
se steps invo
ges, feature 
sification.  Th
w: 

Figure 1. A)

  B).

5                           

management
d health hazar

search propos
fuzzy logic

MW with feat
The IoT-base

or, and hazardo

GY 

Garbage Clas

ossi et al. (20
cturing focusin
quate sorting 
dentifying an
ML-based clas
al., 2023). The
h in COVID-1
stics are impor
olve image d

extraction 
he system ado

). No Proper cl

 Waste classifi

            Internati

t of BMW le
rds.  

sed the Suppo
c systems 
ture selection 
ed monitoring
ous materials.

ssification Sys

23) provided 
ng on the cyc
and recycling

d categorizin
ssifier Suppor
e paper also p
19 Garbage Cl
rtant in inform
development 

from thes
opted is show

 

lassification an
 

 

ication and Sor

ional Journal of S

eading to pote

ort Vector Mac
categorizing 
of RFID and 

g system obse
. 

stem 

recommenda
clical generatio
g. They prese

ng wastage so
rt Vector Mac
proposed a sim
lassification w
mation proces
or obtaining

se images, 
wn in the Figu

nd sorting of    

rting 

Science Academ

ential 

chine 
and 

GPS 
erves 

ations 
on of 
ented 
orting 
chine 
milar 

where 
ssing. 
g the 

and 
ure 1 

 
 

 

The 
ensu
Clas
med
algo
reco
show
 

Fi

 
Cate
 
Imag
upon
k-NN
for 
func
pred
struc
high
ratin
acco
pres
(Mo
men
same
eval
class
sepa
later
conv
prov
wast
and 
base
the n
 
The 
on t
usin

ic Research, Vol

researchers i
ure the integr
ssification sy
dical and indu
orithm is use
ognition accur
wn in Figure 2

igure 2. Utiliza

egorization a

ge classificat
n object appe
N, SVM, or 
an SVM clas

ctional area. M
dictor to classi
cture-based at
h accuracy ch
ng numbers 
ording to th
umption wh

ohammed et 
ntioned princip
e three vecto
uate the con
sification of 
arately, but the
r. The full to
verted to a lev
vided. The me
te daily as BM
efficient with

ed system to c
novel propose

study used a 
the bag color

ng the followin

l. 05, Issue 08, pp

in this study 
ration of vari
stem, includi
strial waste. T
ed to enhan
racy using fus
2 below: 

ation of SVM C
Decision L

and Merging 

tion and cat
arance or com
ANN. Theref
ssifier suitabl
Mohammed e
ify the COVID
ttributes, espe
haracteristics 
with each 

e rule to u
hen making 

al., 2020). 
ples to combin
ors (F1, F2, 

nfidence ratio
f each featu
e indicated va

otal mark refe
vel of confide
ethods are no
MW's Manag
h this current
classify garbag
ed method trie

fuzzy logic s
r codes show
ng criteria: 

p.8134-8139, Aug

opted for an 
ious features 
ing metal, p
The approach 

nce garbage 
sion technique

 

Classifier of Va
Level Fusion 

tegorization c
mposition by M
fore, the curr
le for a large
t al. (2020) r
D-19 debris u
ecially by SVM

from the co
activity meth

use a cumul
final rankin
The current

ne multiple co
F3) at the 

s for each c
ure location 
alue of each f
ers to the fin
ence accordin

ow in place to
gement could 
t technique. B
ge and an IoT

es to solve this

system to clas
wn. Subsequen

gust, 2024 

SVM classif
into the Ga

plastic, paper,
of a deep lea
identification
es. This proc

arious Feature

challenges de
ML classifier
ent research 

e multidimens
resulted in a s
sing various i
M, which rev
ncept. Cumu
hod are sum
lative score 
ng determina
t study used
ombinations fo
scoring point

combination. 
was carried

feature is pres
nal score, whi
ng to the stan
o handle biolo

be more effe
By using a f
T server to tra
s problem.   

ssify garbage b
ntly, it catego

fier to 
arbage 
, and 
arning 
n and 
ess is 

 

s of 

epend 
rs like 
opted 
sional 
single 
image 
vealed 
ulative 
mmed 
as a 

ations 
d the 
for the 
t and 
SVM 

d out 
sented 
ich is 

ndards 
ogical 
ective 
fuzzy-
ack it, 

based 
orizes 



 P
re

 P
 P

b
 P

a
sy

 
The 
all p
choo
 

 
IoT-
thro
 
An I
and h
track
detec
elect
syste
coord
conta
RFID
humi
trans
attrib
trans
lowe
adva
(Bab
secto
adop
tackl

8136

P1 (Cost Gen
eimburse cost

P2 (Health Haz
P3 (Biodegra
biodegradable?
P4 (Environme
any way, th
ystem's hidde

fuzzy-based c
packets. Then
osing the prop

Figu

-based surv
ugh regulato

IoT-based fuz
hazardous ma
k indoor w
cting, storin
tromagnetic w
em is afforda
dinate with B
ainers (Abdu
D to track was
idity levels. 
sponders, ha
butes make 
sportation, tem
er RFID tag
ancement an
bakhouya et a
or governmen
pted RFID tec
le waste dispo

6                           

nerator): Some
ts. 
zard): Wastes
adable/non-bi
? 
ental Impact):

he category-b
en layer (HL) s

classification 
n, IoT perform
er decision pr

re 3. Fuzzy-Ba

veillance an
ory policing 

zzy logic sys
aterials. The sy

waste in wa
ng, and retr
waves and wir
able, easily a
BMW's color-
llah et al., 2
ste movement

It comprise
ardware, and

it easy to
mperature, an
g price is 

nd increasing
al., 2023; Han
nts of India 
chnology in 
osal issues. A

            Internati

ething that ca

s are hazardou
iodegradable)

: Harmful to t
based decisi
selects the bes

was complet
ms an essent

rocess (Figure

 

ased Categoriz

d efficient 

stem monitors
ystem uses R

aste containe
rieving sens

reless commun
accessible, an
-separated tras
2019). Health
t, handling, an
es the RFID
d programmi
o monitor w
nd humidity 
likely due 

g usage ex
nnan et al., 2

and civilian
healthcare fa

Again, the erro

ional Journal of S

an be recycle

us to human he
: Is the 

the environme
on-making f
st course of ac

ed after colle
tial function 
 3). 

zation 

implementa

s indoor, out
FID technolo

ers, automati
sitive data 
nication lines
nd color-code
sh receptacles
care facilities

nd temperature
D tags, detec
ing. Its fle
waste genera

in realtime. 
to technolo

xperience de
2015). Both p
n corporates 
acilities (HCF
ors associated 

Science Academ

ed to 

ealth.  
litter 

ent in 
fuzzy 
ction. 

ecting 
after 

 

ation 

door, 
gy to 
ically 
over 

. The 
ed to 
s and 
s use 
e and 
ctors, 

exible 
ation, 

The 
ogical 
esign 

public 
have 

Fs) to 
with 

the d
the 
prox
(202
envi
posi
et a
simi
syste
shou
HCF
corr
gene
regu
guar
 
Data
 
Due
disp
man
Phot
infor
it is 
has 
abou
phot
to us
recy
othe
light
phot
rotat
appl
Thes
geom
 

 
Data
 
The 
garb
pixe
phot
sizes
obta
whic
infor
the 
ML 
 
RES
 
The 
med
impl
proc

ic Research, Vol

disposal of ra
environment, 

ximity of HCF
20) stated it
ironment with
ition of hazard
l., 2017). Thu
ilar HCFs ca
em while ass
uld be purcha
F operating ex
ect and lega
eration to di
ulation of ta
rding parallel 

a Collection 

 to the lack
osal materials

nually. The r
tos from the 
rmation. Recy
dirty, damag
approximatel

ut 1000 imag
tographs were
se white card 

yclables throu
er relatives' ho
ting and pos
tographs of t
tions, transla
lied around ea
se image ch
metries of recy

Figu

a Preparation

data selected
bage-related i
els in dimen
tographs, they
s. Each input 

ained using th
ch extracts at
rmation split 
data and the 
algorithms. 

SULTS 

results from 
dical waste in 
lementation 
cess, the han

l. 05, Issue 08, pp

adioactive was
the personne

Fs (Biswas e
t is imperat
h application
dous material,
us, this resea

an safely and
suring the cl

ased second-h
xpenses. The 
al progression
isposal. It c
asks, elevatio
medical risks 

k of publicly
s, the data co
researchers u
Instagram m

ycled garbage
ged, crumbled
ly 300 photo
es of each ty

e taken. Part o
stock and col

ughout the ca
omes. The dat
ses in each p
the four cate

ation, and o
ach image dep
hanges are c
yclable materi

re 4. Data colle

n and Pre-Pr

d for the stud
mages. Each 
nsion. To s
y are compre
frame's red, 

he Imaging P
ttributes from
such that the t
validation da

the analysis o
13/13 respon
of recycling 

nd rub and H

p.8134-8139, Aug

stes havea big
el, and even p
t al., 2023). F
tive to mon
ns like the G
, charts, and a

arch considere
d reliably ope
lients’ safety.
and or recond
recommended
n for radioa
an be used 

on of work 
to the staff. 

y accessible 
llection proce
used content 

material databa
e is challengin
d, etc. The Ga
ographs, the c
ype of garbag
f the data coll
llect pictures s
ampus, privat
ta set is not a
photo. Figure
egories below
ther ripping 
pending on th
chosen to o
ials. 

ection of the S

rocessing 

dy consisted 
 material ph
speed up th
essed to 10%
green, and bl

Package's Rea
m the images. 

training datas
atabase has 25

of the recycli
ndents showed

the waste. 
Hand sanitize

gust, 2024 

g potential to 
patients withi
Further, Das 
nitor the ex
GPS to track
analysis (Gan
ed that clinic
erate the BM
 RFIDs and 
ditioned to co
d system give

active waste 
in the oper
through-put,

statistical dat
ess was carrie

from Instag
ase show une
ng to reuse be
arbage class, w
collection con
e. A total of 
lection method
showing wast
te residences
affected by va
e 5 describe

w. Random i
procedures 

he size of eac
occur in diff

ample 

of a collectio
oto is 512 x
he processin

% of their ori
lue frequencie
ad JPEG fun

They provid
set contains 75
5% included 

ing process of
d a need for p

In the recy
er were reuse

harm 
in the 
et al. 

xterior 
k the 
eshan 
s and 

MWM 
GPS 

ontain 
es the 
from 

rative 
 and 

ta on 
ed out 
gram. 
edited 
cause 
which 
ntains 
2400 

d was 
te and 
, and 

arying 
s the 
image 
were 

h set. 
fferent 

 

on of 
x 384 
ng of 
iginal 
es are 
ction, 

de the 
5% of 
using 

f bio-
proper 
ycling 
ed to 



decrease the cost of BMW disposal. Therefore, it is refilled 
with the liquid before it is returned to be reused. The price and 
the waste can be decreased by implementing some recycling 
practices regarding Hospital waste.  
 
AI-Supported Sorting and Classification 
 
The classification and sorting methods were applied in this 
study, 100 waste images were selected and repeated for 
investigation. The testing procedures and the evaluation part 
used 20images. The specificity, sensitivity and accuracy were 
91.44 %, 92.39 % and 93.83 %, respectively, when the images 
were pre-processed. When the photos have not pre-processed, 
the specificity, sensitivity and accuracy were 86.73 %, 87.98 % 
and 88.93 %, respectively. The confusion matrix was 
considered and provided with the summary of the waste 
classification. The SVM classifier of the confusion matrix was 
presented. The number of incorrect and correct predictions was 
given in the count values, where the waste types are broken 
down at each class in this issue. ANN, SVM and k-NN are the 
classifiers utilized in these experiments. The findings show 
that the SVM classifier achieved specificity, sensitivity and 
accuracy of about 95.9 %, 95.3 % and 96.5 %, respectively. 
 
Decision-Level Fusion System 
 
In the case of the Decision level fusion system, the choices 
were focused mainly on which participates in each section of 
the feature. It primarily engages in the selected layout than in 
the final decision. Possessing a confined item is unnecessary. 
The final decision is made by focusing on the divisions that 
receive the highest votes, considered an essential and 
straightforward criterion. A multi-classification dilemma is 
managed at this stage (Abd Ghani et al., 2020). In the case of 
fundamental fusion-level scores, a similar setup is operated for 
the mixture of three image features, including HoG, FO and 
LBP, at the decision-making stage.  The results showed that 
the SVM classifier surpassed the majority rule for decision-
dependent fusion compared with the k-NN and ANN 
classifiers. It reached the fusion stage, which is required based 
on the decision-level fusion in the case of SVM. The various 
forms of pattern classification were improved significantly 
based on the majority voting of the fusion. Only two elements 
were integrated instead of the three features to enhance feature 
fusion accuracy. Most voting criteria cannot be followed 
practically because of the usability of two components, 
considered a multi-classification in classifying the COVID-19 
waste classification and challenge under examination. The 
biggest obstacle is that the two grouping choices must be 
integrated (Mohammed et al., 2020; Mohammed et al., 2021). 
The confidence level is measured appropriately by 
incorporating the groups chosen, and the pattern input of the 
fusion system concept commences with SVM classification. 
The fusion system issued the decision of the final 
Classification.  The category level was decided based on the 
specific set of regulations with three rules controlling the 
Classification and the location, which is always required by the 
SVM classification system due to the final classification result 
by fusion. The feature fusion performance was also executed. 
The fused level of confidence can be set by relying on the 
outcome of the class. The classifiers agree upon the results 
when the two classifiers offer similar class outcomes. The 
actual intensity of confidence is represented in the fused level 
of certainty, which is always known as confidence in 
decisions. In the case of high and low levels of compromise, 

the setting of the fused level certainty to medium is considered. 
Integrated confidence is set as a massive level in a condition 
where one level is medium, and the other previous level is 
medium. More cautious steps are considered, which is required 
to view the confidence, which has a shallow level. The 
integrated levels of certainty are set in the condition where one 
is medium and another is low. In the fused decisions, the raised 
conflicts must be resolved when the two classifiers produce 
different outcomes. Therefore, it is necessary to have advanced 
confidence levels to have judgment finally in that condition. 
The decisions that have colossal confidence will succeed in the 
occurrence of determination of the final class outcome. The 
prediction that relies upon the strength of the overall class is 
considered. The low confidence level is also essential in the 
same way it is done with two classifiers producing a similar 
outcome.  
 
IoT-Based Tracking System of Biomedical Waste 
 
Every container carrying medical waste is documented, 
tracked, located, scanned, and labeled from "cradle to grave" 
using the proposed system. Daily, the healthcare system 
produces bio-medical waste, which can be reduced using an 
IoT tracking system. The amount of waste generated is 
estimated, and the waste is disposed of at a specific period. 
The system administrator is also assisted by the statistics data 
analysis module of the system, which is used to dispose of 
improper or harmful waste disposal.  
 
DISCUSSION 
 
Non-hazardous waste and a general waste of about 85%are 
generated by medical care industries WHO (2018). Past 
research conducted by Firouzbakht et al. (2017) revealed the 
percentage of waste generated contaminated waste in hospitals 
is 38.35%, which provides for 1.31 kg per day per bed, 57.85% 
of non-infected waste, which consists of 1.99 kilograms per 
day per bed and 3.75% of chemical and pharmaceutical waste, 
which is about 0.13 kg per day per bed. Management provides 
facilities like different colored bins specifically to handle 
contagious solid waste fitting yellow bags. BMW is handled 
appropriately using domestic bags or black suit bins to manage 
solid waste and separate chemical and medical waste 
compartments. White plastic bags are also used to hold the 
medicinal waste. Safety boxes are used to control infectious 
and sharp waste. All these materials are required to operate the 
BMW properly (Firouzbakht et al., 2017). Additionally, there 
is no appropriate segregation, recycling, transport, and 
processing of BMW in developing countries(Khan et al., 
2019). Several factors affect the proper management of BMW, 
among which the environmental problems are most important 
from the public perspective since managing BMW is an 
environmentally conscious action (Capoor & Parida, 2021). 
Other researchers also showed the same results, i.e., when 
recycling waste materials is implemented, there is a direct 
reduction in the cost of disposal of the organization's waste. 
The disposal cost of the waste material is enormous, the 
hospital incurs more expenditure, and more money is spent 
when the amount of waste generated is considerable. Past 
studies also revealed that there are more possibilities in 
minimizing HCW, safe care, recycling, and disposal initiatives 
when there is a proper and sufficient reporting system of waste 
generation and when the waste is appropriately segregated, 
which directly results in the reduction in the cost of Medicare 
waste (Lattanzio et al., 2022; Mmereki et al., 2017; Sharma et 
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al., 2020).  The current study examined that medic are workers 
can recycle BMW in the organization following proper policy 
or procedure for recycling BMW. Therefore, adequate 
management, awareness and training are required for the 
hospital workers who support implementing such innovative 
processes as recycling waste (Sharma et al., 2020). 
Environmental impact, reduced operational cost, government 
action, incentives, knowledge, facilities, awareness, and high 
prices are essential to reclaiming BMW. The hospitals require 
equipment to classify and sort BMW for recycling and should 
be able to handle the issues caused by medical waste faced by 
the organization. The recycling process is not only in the 
control of the management but also depends on third parties. 
This includes collectors, who must be cautious in handling 
BMW and safeguard themselves and others, specifically when 
they hold waste in the low-risk category (Rayan et al., 2021). 
  
In the context of the circular economy, the difficulties in 
classifying and sorting BMWare examined in this research. 
The industries utilize the outputs of the recycling processes as 
the source in the case of classification, sorting, and practices, 
by which the products of the recycling process are 
influenced(Baaki et al., 2019; Ozder et al., 2013). In this 
research, the simulated experiments were conducted to verify 
the proposed model's performance. ML techniques and 
decision-level fusion schemes are used in the classification 
process. The segregation is done in such a way as to achieve a 
proper separation of waste that comes under the categories to 
be recycled. It includes plastic, COVID-19 waste, metal, and 
glass. The results showed that the proposed fusion scheme is 
superior to the single best-performance feature scheme. The 
SVM classifier achieved specificity, sensitivity, and accuracy 
of about 95.9 %, 95.3 %, and 96.5 %, respectively, in the 
classification process. Anyhow, there is a need to have a better 
computational resource, and the SVM is comparatively more 
expensive than the rest of the techniques. The system was 
considered for classifying and sorting waste at various scales, 
as suggested by the experiments conducted. This classification 
system can be deployed only by having a thorough knowledge 
regarding the present attitude on the segregation of waste and 
practices of current waste management which varies in 
different countries. Solutions are optional for the country with 
a proper approach to waste separation at the collection site.  
 
The classification process should be established in the 
recycling sites where the source of waste is integrated. This 
system is installed because of a need for more supply chain 
recycling centres which are unworthy to be trusted in the case 
of waste exchanges. A few countries have guidelines on the 
segregation of destruction, but still, implementation is lacking. 
Only a small percentage of the domestic sector of southern 
countries worldwide follows the guidelines of waste 
segregation (Kaza et al., 2018). Based on the waste collector's 
advice, dumping is more open in the most inclined spaces as 
per the instances that lead to integrated waste where the waste 
can be COVID-19 or other types of garbage (Luhar et al., 
2022). Therefore, the current study confirmed that 
classification and sorting facilities are essential for recyclers. 
Both developed nations and the countries in the global south 
benefit from this system in the current waste management 
practices. Comparatively, the countries in the worldwide south 
would benefit more than others. By establishing this process, 
the procedures done in waste management may vary from the 
present rapid recycling process is enabled. 
 

Conclusion 
 
Waste management came up with some suggestions: the 
appearance of the bin, removing the bin and replacing it with a 
poly-ethene bag, and once in a while, the maintenance and the 
administrative staff for a meeting. Consequently, training 
programs are necessary for increasing the newcomers’ 
knowledge and actions among the employees. This implies a 
need for a Diploma Course in waste management; this should 
particularly be designed for developing countries. Stating that 
hospital wastes can be recycled, there are also many methods 
that are not implemented because of inadequate funding and 
little cooperation from the community. Therefore, the 
measures considered crucial in waste management include 
awareness, knowledge, and costs of disposal, as well as 
incentives. There is causation between the recycling of waste, 
with economic and financial revenues of the organization, and 
the environmental impact. However, there remains a 
requirement, and with the new job chances and scrap, it can be 
connected with non-harmful waste. 
 
Limitations and Future Implications 
 
The authors acknowledge the present limitation of this study. 
However, the burden of the developed system's current status 
is not answerable for the recovery of material and the product 
received from recycling from the waste resources that are 
classified and sorted. Further, model development was limited 
to SVM for fine-tuning and augmentation of BMW. The other 
limitation is the availability of the data sets. The results can be 
achieved far better using Convolutional Neural Network 
(CNN) expanding comprehensive dastasets enhancing the 
results for real-time BMW tracking in RFID and IoT systems. 
These advancements will benefit HCWs offering improved 
public health outcomes through solutions effective in multiple 
settings.  
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