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Abstract Introduction Dental operatories generate a large amount of biomedical waste, and
improper management of this waste poses a threat to all sections of society. Hence,
being a dental practitioner, one must ensure proper management and handling of
health care waste.
Aims and Objectives This study aims to assess the level of knowledge, attitude, and
practices toward Bio-Medical Waste Management Rules, 2016, and Amendments, 2018
and 2019, among clinical undergraduates in dental colleges of the state of Punjab in India.
Settings and Design A cross-sectional study. The study was performed among 845
clinical undergraduates in dental institutes of Punjab.
Materials and Methods The methodologies used were descriptive statistics and
nonparametric techniques using the Kruskal–Wallis test and Dunn–Bonferroni post hoc
test.
Results Only 47% dental students have adequate knowledge and 48% students show
positive attitude toward biomedical waste management. The difference was statisti-
cally significant (p< 0.05). Whereas, only 34% students were practicing these rules in
the correct manner and this is found to be statistically insignificant. Also, the city of
Ludhiana is the model district for the implementation of the Environmentally Sound
Management of Medical Wastes project by United Nations Industrial Development
Organization (UNIDO) and dental students of institutions involved in this project were
found to be most aware about these rules among other institutes in Punjab.
Conclusion The current study suggests that the knowledge and implementation of
biomedical waste management practices among dental students in the state of Punjab
are not adequate. It also suggests that including dental institutions inmodel projects of
biomedical wastes will raise awareness regarding the same exponentially.
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Introduction

The world of 21st century brought several discoveries and
tremendous advancements in the health care system. With
the civilization and advancements in medical technology,
health services have been accessible to a greater population
than before. The increased accessibility to health care facili-
ties has significantly improved quality of life of population.
However, it is satiric that the health care settings, which are
meant to restore and maintain community health, are also
threatening their well-being due to production of tremen-
dous amount of biomedical waste (BMW). Poor waste man-
agement practicespose a huge risk to thehealth of the public,
patients, and professionals and contribute to environmental
degradation.

It is estimated that approximately 0.33 million tons of
BMW are generated in India. Appropriate BMW disposal is
very important, from public health point of view and imple-
menting it is really a challenging task. In exercise of powers
conferred by the Environment Protection Act, 1986,1 Gov-
ernment of India provided a regulatory framework for man-
agement of BMW generated in the country called as Bio-
Medical Waste (Management and Handling) Rules, 1998.2

Whereas, the most comprehensive and effective guidelines
were introduced by the Government of India as Bio-Medical
Waste Management (Principle) Rules, 2016.3

Later, these rules were amended by the Central Govern-
ment of India in March 2018 (Bio-Medical Waste Manage-
ment [Amendment] Rules, 2018), in February 2019 (Bio-
MedicalWasteManagement [Amendment] Rules, 2019), and
in May 2019 (Bio-Medical Waste Management ]Second
Amendment] Rules, 2019).4

These guidelines include a severe penalty and act as
dissuasion. These guidelines follow the womb-to-tomb ap-
proach as it includes all steps from waste generation, collec-
tion, storage, transportation, and treatment, to its ultimate
destination (that is, incineration, recycle, etc.).

BMW has been defined as “any waste that is generated
during diagnosis, treatment, or immunization of human
beings or animals, in the research activities pertaining to
or in the production or testing of biologicals or in health
camps and includes categories.”3

TheWorldHealthOrganization (WHO) reports that health
care wastes are the ones generated by health care activities
including a broad range of materials, from used needles and
syringes to soiled dressings, body parts, pharmaceuticals,
and medical devices5 (►Fig. 1).

In dentistry, the instruments and dental materials used in
day-to-day practice are exposed to blood and saliva during
various procedures being performed in dental clinics. Hence,
BMW management in dental practice is equally critical as in
the medical fraternities.

Fig. 1 Dental waste.

Dental Journal of Advanced Studies Vol. 10 No. 2/2022 © 2022. Bhojia Dental College and Hospital affiliated to Himachal Pradesh University. All rights reserved.

Biomedical Waste Management Awareness Bawa et al.56



For any successful health care organization to function,
including dentistry, it is imperative to have awareness re-
garding the disposal of hazardousmedical waste, which here
pertains to dental waste. Although numerous studies on the
knowledge, attitude, and practices (KAP) of Bio-Medical
Waste Management Rules, 1998, India, exist, studies on
Bio-Medical Waste Management Rules, 2016, and Bio-Medi-
cal Waste Management (Amendment) Rules, 2018 and 2019,
India, are scarce.

Aims and Objectives

This study aimed to assess level of KAP toward Bio-Medical
Waste Management Rules, 2016, and Bio-Medical Waste
Management (Amendment) Rules, 2018 and 2019, among
clinical undergraduates in dental colleges of Punjab state.

Materials and Methods

A cross-sectional study was performed among the clinical
undergraduates in dental colleges of Punjab state. A total of
N¼845 participants were included by simple random sam-
pling. The studywas performed for a period of 4months from
December 2019 to March 2020.

The data collection tool was a specifically designed ques-
tionnaire consisting of 24 close-ended questions pertaining
to basic KAP related to latest biomedical waste Act.

The study was approved by the institutional review board
and the ethical clearance was obtained from ethical commit-
tee of Punjab Government Dental College and Hospital,
Amritsar, Punjab, India, prior to the commencement of the
study. The studywas conducted in offlinemode. Each college
was personally visited, and the questionnaire was adminis-
tered to each participant in investigator’s presence to elimi-
nate any anchoring bias, that is, one student may not
influence the other.

Inclusion criteria: included undergraduate students of
dental colleges of Punjab dealing with the patients in
different departments of their respective colleges.
Exclusion criteria: included undergraduate students who
were not willing to participate in the study and incom-
pletely filled questionnaires.

The institutes have also been grouped into four categories
(City Amritsar, Ludhiana, Patiala, and Faridkot-Ferozepur
region) so as to facilitate inter-city comparison.

The questionnaire data thus obtained was tabulated in
MS-Excel. Statistical Package for Social Sciences was used to
perform statistical analysis of the data collected from the
survey forms.

The various variables were tested using descriptive statis-
tics and normality test. The tests of normality results using the
one-sample Kolmogorov–Smirnov test (see Supplementary

Form S1, available in the online version) showed that the
normality assumption for these variables did not fulfill the
normality assumption (p<0.05), and hence, we cannot apply
one-way analysis of variance (parametric test). To solve this

problem, we resort to nonparametric test, that is, Kruskal–
Wallis H test.

The nonparametric test using the Kruskal–Wallis test had
beenperformed on all variables to test themean difference at
different level of education among clinical dental undergrad-
uate students which if found significant was accompanied by
Dunn–Bonferroni post hoc test to determine the significance
of difference between each pair of groups. Significance level
was fixed as 5% (p¼0.05).

Results

The results of this study gave conclusive output regarding
KAP of BMWmanagement among dental students. The study
revealed that 845 respondents out of which 279 were in
Bachelor of Dental Surgery (BDS) third professional year, 281
were in BDSfinal professional year, and 285were BDS interns
who participated in the study. This is the biggest survey in
state of Punjab. Till date, no study with such sample size has
been reported regarding BMW in the state. ►Table 1 shows
the distribution of participants in the study.

This study shows that, only approximately 47% dental
students have adequate knowledge about BMWmanagement
rules (►Table 2). On comparing the three groups, using
Kruskal–Wallis test, it was observed that therewas significant
difference between the distribution of scores of knowledge
regarding these rules (p<0.001). Third professional year
students fared better than the other two groups with 50%
students having adequate knowledge regarding BMW. Appli-
cation of Dunn–Bonferroni post hoc test (►Table 3) showed a
significant difference between scores of groups individually
between the third and final professional year (p¼0.010,
p<0.05) and third professional year and interns (p<0.05),
and insignificant difference between scores of final profes-
sional year and interns (p¼0.655, p>0.05) (►Supplementary

Fig S1, available in the online version; ►Fig. 2).
Further, it was inferred that approximately 48% of dental

students have positive attitude toward these ruleswhichwas
also found highly significant using Kruskal–Wallis test
(p<0.001). Application of Dunn–Bonferroni post hoc test
(►Table 3) showed a significant difference scores of groups
individually between third and final professional year
(p¼0.001, p<0.05) and third professional year and interns
(p<0.05) but insignificant difference between scores of final
professional year and interns (p¼1.000, p>0.05)
(►Supplementary Fig S2, available in the online version).

Almost 50% of participants in both groups, that is, interns
and final professional year, showed positive attitude toward
Bio-Medical Waste Management Rules. It was noticed that
participants with inadequate knowledge reported positive
attitude, which is encouraging and may lead to better out-
comes with intervention (►Fig. 3).

It was disappointing to see that only 34% students were
practicing these rules in correct manner. Comparing the
distribution of scores of practices followed among the three
groups in management of BMW, it was concluded that there
was insignificant difference between their scores (p¼0.324,
p>0.05). It can be illustrated from the results that the graph
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inclines more toward the incorrect practices followed by the
dental students which is quite alarming (►Fig. 4).

Significant differences were observed in KAP scores of
dental students in different cities of Punjab (p<0.001).
Students of institutions in City Ludhiana were most aware
about BMW management rules with having approximately
49% adequate knowledge, 57% showed positive attitude, and

40% respondents were practicing these rules in a proper
manner (►Table 4). This can be deduced from the fact that
City Ludhiana had been selected as Model District for
implementation of Project on Environmentally Sound Man-
agement of Medical Wastes by United Nations Industrial
Development Organization (UNIDO)6 and Baba Jaswant
Singh Dental College Hospital and Research Institute of

Table 2 Biomedical waste management knowledge, attitude, and practices among the study groups

Variables Level of education Mean Standard
deviation

Mean rank Kruskal–Wallis H Degrees of
freedom (df)

Asymptotic
significance

Knowledge Third professional year 0.50 0.500 4,359.61 18.357 2 < 0.001a

Final professional year 0.46 0.499 4,194.14

Interns 0.45 0.497 4,125.13

Total 0.47 0.499

Attitude Third professional year 0.44 0.497 2,840.34 18.499 2 < 0.001a

Final professional year 0.50 0.500 3,012.99

Interns 0.50 0.500 3,018.96

Total 0.48 0.500

Practices Third professional year 0.35 0.477 2,984.84 2.254 2 0.324

Final professional year 0.33 0.470 2,920.31

Interns 0.35 0.476 2,968.89

Total 0.34 0.474

ap< 0.05 statistically significant, p> 0.05 statistically insignificant.

Table 1 Distribution of sociodemographic and other factors among the study population

Characteristics Frequency (%)

Gender Male 200 23.67

Female 645 76.33

Level of education Third professional year 279 33.02

Final professional year 281 33.25

Interns 285 33.73

Institutes Baba Jaswant Singh Dental College Hospital and Research Institute
(Ludhiana)

153 18.11

Christian Dental College (Ludhiana) 86 10.18

Dashmesh Institute of Research and Dental Science (Faridkot-Ferozepur) 80 9.47

Genesis Institute of Dental Sciences and Research (Dental College and
Hospital) (Faridkot-Ferozepur)

112 13.25

Punjab Government Dental College and Hospital (Amritsar) 99 11.72

Government Dental College (Patiala) 72 8.52

Luxmi Bai Institute of Dental Sciences and Hospital (Patiala) 97 11.48

Sri Guru Ram Das Institute of Dental Sciences and Research (Amritsar) 146 17.28

District/City Amritsar 245 28.99

Ludhiana 239 28.28

Patiala 169 20

Faridkot-Ferozepur 192 22.72

Total 845 100
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Ludhiana is part of the working group of Punjab state for the
said project with the overall objective to promote adoption
of best available technique or best environment practices in
health care institutions in a manner that protects human
health and reduces adverse environmental effects.

Discussion

The present study discusses the awareness of BMWmanage-
ment rules among clinical undergraduates of dentistry in
teaching hospitals. Dental schools are unique in a way as it
contains multiple operatories and clinical departments un-
like general dental clinics. This remains the high time when
knowledge and skills are acquired. The training of health care
facility staff and the awareness of the hazards of BMW is still
a challenge in most of the country.

In this study, 84.14% studentswere aware about generation
of BMW in their respective hospitals or institutes which is in
accordance to results obtained in study by Savithri et al7

reporting 85.2% of respondents having adequate knowledge
aboutgenerationofBMW.Note that63.08%studentsareaware
that all health carewaste is not hazardous. Results came out to
be significantly different in three groups. This result came out
to be in contrast to the findings of study by Kumar8 according
to which 60% respondents consider all health care waste as
hazardous. Khubchandani et al9 reported 50% results for such
findings. In this study, 75.38% identified the symbol for
biohazard correctly which is almost equal to the findings by
Khubchandani et al9 reporting 73.8% and higher than that
reported by Kulkarni et al10 as 41.3%. Regarding the time limit
for storage of BMW, it was observed that therewas inadequate
knowledge in majority of students. Further, the difference
between the groupswas statistically insignificant too. This can
be attributed to the fact that the dental students were not
directly involved in the process of storage of BMW. This is in
accordance with the study of Choudhary et al11 and Sudeep
et al12 showing lack of knowledge pertaining to storage of
BMWamong dental undergraduates but in contrast to a study
done by Kulkarni et al10 where 71.3% of participants were
aware of the same. Very few respondents were aware about
composition of hospitalwaste. TheWHO estimates that 85% of
hospital waste is nonhazardous and around 10% is infectious,
while the remaining 5% is noninfectious.

Highly significant difference was found between the groups
with only 44.85% students in this study being aware about
legislations governing BMWmanagement in Indiawhich was a
higher score than reported by Khubchandani et al.9 Still, this
observation is very poor compared with many other similar
studies, the highest being reported as 94.6% by Jamkhande
et al.13 There is insignificant difference between the three
groups regarding knowledge related to basic changes done in
Bio-Medical Waste Management Rules, 2016. Majority of
students in all the three groups showed lack of awareness
regarding the new rules. It is disappointing that they do not
have knowledge of any documents outlining waste manage-
ment rules. It not only jeopardizes the safety of workers, but
also causes avoidable mishaps in handling of dental waste.

Ta
b
le

3
Pa

ir
w
is
e
co

m
pa

ri
so

n
be

tw
ee

n
th
e
st
ud

y
gr
ou

ps

Bi
om

ed
ic
al

w
as
te

m
an

ag
em

en
t
kn

o
w
le
d
g
e

Bi
om

ed
ic
al

w
as
te

m
an

ag
em

en
t
at
ti
tu
d
e

Sa
m
pl
e
1
–

Sa
m
pl
e
2

Te
st

st
at
is
ti
c

St
an

d
ar
d

er
ro
r

St
an

d
ar
d
te
st

st
at
is
ti
c

Si
g
ni
fi
ca

n
ce

A
d
ju
st
ed

si
g
n
if
ic
an

ce
a

Te
st

st
at
is
ti
c

St
an

d
ar
d

er
ro
r

St
an

d
ar
d
te
st

st
at
is
ti
c

Si
g
n
if
ic
an

ce
A
d
ju
st
ed

si
g
n
if
ic
an

ce
a

Th
ir
d
–
Fi
na

l
–1

65
.4
7

56
.3
68

–2
.9
36

0.
00

3
0.
01

0
17

2.
65

47
.2
06

3.
65

7
0.
00

0
0.
00

1

Fi
na

l–
In
te
rn

69
.0
05

56
.0
70

1.
23

1
0.
21

8
0.
65

5
–5

.9
61

46
.9
56

–0
.1
27

0.
89

9
1.
00

0

Th
ir
d
–
In
te
rn

–2
34

.4
8

56
.1
71

–4
.1
74

0.
00

0
0.
00

0
17

8.
61

47
.0
40

3.
79

7
0.
00

0
0.
00

0

N
ot
e:

Ea
ch

ro
w

te
st
s
th
e
nu

ll
hy

po
th
es
is
th
at

th
e
Sa

m
p
le

1
an

d
Sa

m
p
le

2
di
st
ri
b
ut
io
ns

ar
e
th
e
sa
m
e.

A
sy
m
pt
ot
ic

si
gn

ifi
ca
nc

es
(t
w
o-
si
de

d
te
st
s)

ar
e
di
sp
la
ye

d.
Th

e
si
g
ni
fi
ca
nc

e
le
ve
li
s
0.
05

0.
a S
ig
ni
fi
ca
nc

e
va
lu
es

ha
ve

be
en

ad
ju
st
ed

by
th
e
Bo

nf
er
ro
ni

co
rr
ec

ti
o
n
fo
r
m
ul
ti
pl
e
te
st
s.

Dental Journal of Advanced Studies Vol. 10 No. 2/2022 © 2022. Bhojia Dental College and Hospital affiliated to Himachal Pradesh University. All rights reserved.

Biomedical Waste Management Awareness Bawa et al. 59



Note that 70.30% participants responded negatively to
their adequacy of their knowledge regarding BMW manage-
ment. Whereas, among the three groups, interns showed the
most positive attitude toward adequacy of their knowledge
regarding BMWmanagement ruleswhich is in itself contrary
to the responses given by them in the section pertaining to
basic knowledge questions about the same. About 65.21% of

the students showed positive attitude toward awareness
regarding color coding changes in 2016. Furthermore, the
difference between the groupswas not significant. This point
was also contradictory to the results obtained in questions
related to basic changes done in Bio-Medical Waste Manage-
ment Rules, 2016, in which more than 60% fails to answer
correctly.

Fig. 2 Knowledge regarding biomedical waste management.

Fig. 3 Attitude toward biomedical waste management.
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Also, 75.62% showed negative attitude toward awareness of
Common Bio-Medical Waste Treatment Facilities (CBWTF)
Operators in the state. There are now over 200 licensed Com-
mon Bio-Medical Waste Treatment and Disposal Facilities
(CBWTDF) or Common Treatment Facility (CTF) in the country.
The CTF are operational in most tier 1 and tier 2 cities of India
but lack of awareness leads to issues of improper segregation.7

Mercury disposal is amatter of concern in dentistry as it is
a toxic metal and can lead to mercury poisoning with
repeated exposures to it. Amalgam fillings are the most
common and traditional fillings done in dental offices.
Dental students, from the very beginning in their clinical
practice start treating patients with dental amalgam fillings,
which necessitates proper knowledge in protocol followed in

Fig. 4 Practices of biomedical waste management.

Table 4 Biomedical waste management knowledge, attitude, and practices—intercity comparison

Variables City/District Mean Standard
deviation

Mean rank Kruskal–Wallis H Degrees of
freedom (df)

Asymptotic
significance

Knowledge Ludhiana 0.490 0.500 4,312.14 21.353 3 < 0.001a

Faridkot-Ferozepur 0.470 0.499 4,206.67

Amritsar 0.440 0.496 4,076.76

Patiala 0.500 0.500 4,340.00

Total 0.470 0.499

Attitude Ludhiana 0.570 0.495 3,233.57 148.152 3 < 0.001a

Faridkot-Ferozepur 0.380 0.485 2,654.36

Amritsar 0.430 0.495 2,809.17

Patiala 0.540 0.499 3,129.00

Total 0.480 0.500

Practices Ludhiana 0.400 0.490 3,132.18 72.475 3 < 0.001a

Faridkot-Ferozepur 0.260 0.439 2,718.38

Amritsar 0.370 0.482 3,027.26

Patiala 0.320 0.466 2,883.50

Total 0.340 0.474

ap< 0.05 statistically significant, p> 0.05 statistically insignificant.
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its disposal. Various studies10,14 showed that majority of
respondents used correct method of disposal of excess
mercurywhichwas congruent with the present study,where
59.17% follows the same.

This study also revealed that a very low percent of
respondents (approximately 18.22%) were following the
correct method of disposal of developer and fixer solution
used while radiography which was seen similar to study
carried by Khubchandani et al9 whereas study conducted by
Sood and Sood,15 Jamkhande et al,13 and Bansal et al16

showed a little higher results, 34, 42, and 52%, respectively,
and significant difference was reported. This can be attribut-
ed to the fact that in most of the institutions, radiography is
being performed by radiographers and not students.

The present study results illustrated that 37.75% dental
studentswere correctly practicing disposalmethod of hazard-
ous liquid waste in dental operatories which were far better
than that obtained in the study by Imchen et al.17 There were
very less number of dental students who were practicing
correct method of disposal of some expired dental materials,
say only 14.44 and 28.76% respondents gave correct responses
for disposal of expired composites and glass-ionomer cement,
respectively. This study results revealed that 53.73% respon-
dents were practicing correct method of disposal of cytotoxic
drugs which was better than that obtained in the study of
Jamkhande et al13 and Mehta et al.18 Use of local anesthetic
agents is also routine in dentistry. Still, very less percent of
students (27.46%) according to this study were disposing off
these vials correctly, itself raises the point to implement these
laws strictly.

In a nutshell, most studies conducted all over the country
show a positive attitude toward BMW management but
there were deficiencies in knowledge and practice. Hence,
the authoritative bodies should take responsibility to imple-
ment the laws strictly and monitor these practices in a
systematic and simplistic manner.

The present study had an added benefit as questions were
formatted for analysis and response rate, preventing recall
bias and was conducted over large scale which covered all
regions of Punjab state.

However, it should be remembered that the present study
has limitations due to its cross-sectional type. Therefore,
systematic reviews can be used for evaluating existing BMW
management awareness in the institutions which will per-
haps provide better detailing.

Conclusion

The current study suggests that the knowledge and imple-
mentation of BMW management practices among dental
students in state of Punjab is not adequate. There is grave
need for educating dental students regarding the subject.
Frequent awareness campaigns and classes should be con-
ducted to improve the knowledge about safe handling and
disposal of BMW among students for future practical appli-
cation. This study also suggests that cities with dental
institutions should be included in model projects of
BMWs. It is an eye opener for the government that intro-

ducing the projects for sound management of BMWs will
raise the awareness exponentially among the future bud-
ding dentists.
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