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INTRODUCTION

ABSTRACT

Introduction: Inappropriate handling of biomedical waste has led
to increasing incidence of hospital acquired infections. Objective:
To analyze the Knowledge, Attitude and Practice of biomedical
waste management and bio-safety among health care workers in a
tertiary care hospital in Western India.

Methodology: A questionnaire based Knowledge, Attitude and
Practice (KAP) study was carried out. Total 210 healthcare workers
had participated, which included 68 laboratory technicians, 69
nurses and 73 resident doctors.

Results: Only 35.23% (74) participants knew the waste storage
time limit. Awareness about pretreatment of the waste was found
only in 5.8% (4) nurses. Awareness about post exposure prophy-
laxis is only 38% (81). More than 90% of the participants had posi-
tive attitude towards the subject. 40% (86) participants and 14%
(10) nurses were practicing segregation at point of generation.
Biomedical waste bag labeling practices were followed by only
23.2% (16) nurses and 27.39% (20) doctors. Knowledge and prac-
tices scores were better among technicians and doctors than
nurses. Trained participants had better attitude and practice scores
compared to untrained ones.

Conclusion: Intensive training programs at regular intervals are
essential with special focus on nurses and first year resident doc-
tors.

Keywords: Biomedical waste management; Bio-safety; KAP study

Inadequate and inappropriate handling of health-
care waste along with poor infection control has

Biomedical waste means any waste, which is gen-
erated during the diagnosis, treatment, or immuni-
zation of human beings or animals, or in research
activities pertaining thereto or in the production or
testing of biologicals."Healthcare facilities includ-
ing laboratories generate a huge amount of non-
hazardous and hazardous wastes. Disposables
medical devices and items generate biomedical
waste beyond one’s expectation. 2

Biomedical waste collection, storage and disposal
in appropriate manner have become a significant
concern for both medical and general community.

led to increasing incidence of hospital acquired in-
fections in health-care providers. At the global lev-
el 16-84% of the hospitals did not stick to the
norms of biomedical waste management. Most of
the healthcare workers had unsatisfactory practices
with respect to biomedical waste management in
India. 3Every concerned health worker is expected
to have proper knowledge, attitude and practice
for biomedical waste management. 47

Our hospital is a tertiary care hospital functional
since many years where the protocols & policies
are in a place regarding biomedical waste man-
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agement but never analyzed or accessed. Hence
this study was undertaken with the objective to
analyze the Knowledge, Attitude and Practice of
biomedical waste management and bio-safety
among health care workers, so that the gaps in the
knowledge, attitude and practice of effective BMW
management by the healthcare workers in our
hospital can be identified. Accordingly the future
training of the Healthcare workers can be planned
and necessary steps can be taken to ensure proper
and effective biomedical waste management.

METHODOLOGY

A Knowledge, Attitude and Practice (KAP) study
was carried out after ethical approval from Institu-
tional Review Board in the month of May 2017. A
total of 210 healthcare workers of a Government
tertiary care hospital in western India participated
in the study. A written informed consent was ob-
tained from each participant.

Three groups of participants were made: Group A-
Laboratory technicians (n=68), Group B- Nurses
(n=69) and Group C- Resident doctors (n=73). We
have divided each group into 2 subgroups for de-
tailed analysis: Group Al : Laboratory technicians
with <10 years of experience (n=44), Group A2:
Laboratory technicians with >10 years of expe-
rience (n=24), Group B1 : Nurses with <10 years of
experience (n=24), Group B2 : Nurses with >10
years of experience (n=45), Group C1 : First year
resident doctors (n=28) and Group C2 : Second
year resident doctors (n=45).

The tool used for collection of data was a struc-
tured questionnaire which has questions concern-
ing the knowledge, attitude and practices on the
subject. There were forty such questions. The par-
ticipants were well informed about the purpose of
study and about the questionnaire by investigators
prior to data collection. Confidentiality of all the
data was maintained.

After collecting the data, data were tabulated be-
fore data analysis. Government of India has noti-
fied the Biomedical Waste (Management and Han-
dling) rules 1998 with subsequent amendments
(June 2 2000, September 2003 and 2011). Though
the rules have been revised in 2016 but revised
rules are yet to be implemented in most of the
health care facilities. Most of the health care facili-
ties in Indjia still follow the biomedical waste rules
1998. So we have analyzed all the responses of par-
ticipants as per Biomedical Waste (Management
and Handling) rules 1998.

Descriptive statistics i.e. percentage, mean and
standard deviation was used to describe studied
variables.

RESULTS

Profile of participants with respect to variables like
gender, educational qualification, healthcare expe-
rience and vaccination status is shown in Table 1.

Table 1: Profile of Participants

Variable Health Care
Workers (%)
Gender
Male 64 (30.4 %)
Female 146 (69.5%)
Educational Qualification
Undergraduates 200 (95.2%)
Postgraduates 10 (4.7%)
Healthcare Experience
<10 years 141 (67.14%)
>10 years 69 (32.8%)
Vaccinated

Only Hepatitis B vaccine taken

Only Tetanus toxoid taken

Both Hepatitis B vaccine and Teta-
nus toxoid taken

Not vaccinated

50 (23.8%)
4(1.9%)
121 (57.6%)

35 (16.6%)

Approximately 80% of the participants were aware
about biomedical waste management rules pro-
posal year as well as the objectives of biomedical
waste management. In this study 74.28 % (n=156)
participants were aware about the reasons why
biomedical waste is dangerous and 98.09% (
n=206) were aware about the major risks asso-
ciated with it. Only 14.5 % (n=10) nurses could cor-
rectly point out infectious waste. Shockingly, only
18.8% (n=13) nurses knew that segregation is the
most important step of biomedical waste manage-
ment. Biohazard symbol was correctly recognized
by 92.38% (n=194) participants. Correct knowledge
regarding the maximum time limit for biomedical
waste storage was observed only in 35.23 % (n=74)
of the participants, poorest being the nurses group
of only 11.6 % (n=8). 66.66% (n=140) participants
knew about bags disposed by incineration. Stri-
kingly, only 5.8% (n=4) nurses knew which color
coded bags require pretreatment. Though 90% of
the participants (n=190) were aware whom to re-
port in case of needle stick injury , but only 38%
(n=81) were aware when to take Post exposure
prophylaxis, least in nurses only 15.9% (n=11).
(Table 2).

Substantially 95.23% (n=200) participants believed
that biomedical waste rules are applicable to them.
Only 40% (n=84) participants believed that their
knowledge regarding biomedical waste is not ade-
quate and 54.28 % (n=114) of the participants
agreed that they had received training in biomedi-
cal waste management. Approximately 93% partic-
ipants felt that these rules should be a part of their
curriculum mandatorily.
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Table 2: Correct responses for questions on Knowledge regarding biomedical waste

Objective of Question Group A Group B Group C Total
Technicians Nurses Doctors
Awareness and year of first proposal of Biomedical rules 67 (98.53) 49 (71) 57 (78.08) 173 (82.38)
Objectives of biomedical waste management 56 (82.35) 45 (65.2) 66 (90.41) 167 (79.52)
Reason why Biomedical waste is more dangerous 48 (70.58) 40 (58) 8 (93.15) 156 (74.28)
Major risks associated with hospital waste handling 66 (97.05) 68 (98.6) 72 (98.63) 206 (98.09)
Differentiate between infectious and noninfectious waste 55 (80.88) 10 (14.5) 60 (82.19) 125 (59.52)
% of general & healthcare waste generated by healthcare activities 56 (82.35) 24 (34.8) 55(75.34) 135 (64.28)
Most important aspect of BMW waste management is segregation 41 (60.29) 13 (18.8) 41 (56.16) 95 (45.23)
Identification of symbol used for biohazard 67 (98.52) 59 (85.5) 68 (93.15) 194 (92.38)
Maximum storage time limit for untreated waste 38 (55.88) 8 (11.6) 8 (38.35) 74 (35.23)
Color coded bag treated by incineration 62 (91.17) 38 (55.1) 40 (54.79) 140 (66.66)
Color coded bag not requiring pretreatment 50 (73.52) 4 (5.8) 9 (53.42) 93 (44.28)
After exposure Post Exposure Prophylaxis should ideally be taken 39 (57.35) 11 (15.9) 31 (42.46) 81 (38.57)
within: a)2 hours* b)4 hours c)24 hours d) It can be taken anytime
Whom to report in case of needle stick injury 66 (97.05) 61 (88.4) 63 (86.30) 190 (90.47)

Figure in the parenthesis indicate percentage; BMW=Biomedical waste

Table 3: Number of positive responses for questions on Attitude regarding biomedical waste

Objective of Question Group A Group B Group C Total
Technicians Nurses Doctors
Applicability of biomedical waste rules to participants 68 (100) 66 (95.7) 66 (90.41) 200 (95.23)
Perception of their knowledge regarding BMW management 52 (76.47) 43 (62.3) 32 (43.83) 127 (60.47)
Training regarding biomedical waste management 43 (63.23) 47 (68.1) 24 (32.87) 114 (54.28)
BMW management should compulsorily be made a part of curriculum 63 (92.64) 65 (94.2) 68 (93.15) 196 (93.3)
Willingness to attend programmes that enhance and upgrade 68 (100) 66 (95.7) 63 (86.30) 197 (93.80)
knowledge on BMW management.
Do you feel that colour coding of bins should be strictly 64 (94.11) 64 (92.8) 63 (86.30) 191 (90.95)
implemented for successful BMW management?
Importance of labelling biomedical waste bag 64 (94.11) 66 (95.7) 65 (89.04) 195 (92.8)
Need of separate vehicle to transport biomedical waste 64 (94.11) 67 (97.1) 62 (84.93) 193 (91.9)
Waste management is a team work 58 (85.29) 57 (82.6) 58 (79.45) 173 (82.38)
Tie up with authorized company required for proper disposal of BMW 50 (73.52) 49 (71) 37 (50.68) 136 (64.76)
Frequency of health check-ups and training for healthcare workers 34 (50) 21 (30.4) 22 (30.13) 77 (36.66)
Safe management of BMW is a financial burden to the setup 54 (79.41) 31 (44.9) 55 (75.34) 140 (66.66)

Figure in the parenthesis indicate percentage; BMW=Biomedical waste

Table 4: Number of correct responses for questions on Practice regarding biomedical waste

Objective of Question Group A Group B Group C Total
Technicians Nurses  Doctors
Site of segregation of the waste was at the point of generation. 31 (45.58) 10 (14.5) 45 (61.64) 86 (40.95)
Availability of all color coded bins for biomedical waste 41 (60.29) 19 (27.5) 28 (38.35) 88 (41.90)
Procedure followed to discard used gloves 59 (86.76) 44 (63.8) 28(38.35) 131 (62.38)
Procedure followed to dispose needles 8 (100) 64 (92.8) 65 (89.04) 197 (93.80)
Color coded bin used to dispose soiled dressings 9 (86.76) 66 (95.7) 58 (79.45) 183 (87.14)
Color coded bin used to dispose intravenous infusion sets 57 (83.82) 60 (87) 61 (83.56) 178 (84.76)
Details on the label on bags for transportation of BMW 6 (52.94) 16 (23.2) 20(27.39) 72 (34.28)
Amount of waste to be filled in waste bag 4 (79.41) 30 (43.5) 44 (60.27) 128 (60.95)
Mode of transportation of biomedical waste in hospital 60 (88.23) 58 (84.1) 49 (67.12) 167 (79.5)
Availability of incinerator facility in hospital 42 (61.76) 17 (24.6) 34 (46.57) 93 (44.28)
Mixing of pretreated biomedical waste with municipal waste 60 (88.23) 44 (63.8) 62(84.93) 166 (79.0)
Method to prepare 1 liter of 1% sodium hypochlorite solution from 56 (82.35) 28 (40.6) 31 (42.46) 115 (54.76)
available 5% strength
Procedure to manage the blood spillage on the floor 49 (72.05) 30 (43.5) 46 (63.01) 125 (59.52)
Figure in the parenthesis indicate percentage; BMW=Biomedical waste
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Table 5: Correct responses for questions on Knowledge, Attitude and Practice regarding biomedical
waste among laboratory technicians, nurses and doctors

Knowledge Attitude Practice
Freq (%) Mean+SD Freq (%) Mean+SD Freq (%) Mean+SD
Group A (Technicians) 54.69 (80.43) 10.45+ 2.08 56.83 (83.57)  10.02+1.29 51.26 (75.39) 11.30+2.13
Group B (Nurses) 33.07 (47.9) 6.2+1.64 53.5 (77.5) 8.92+1.45 39.7 (57.5) 8.63t1.5
Group C (Doctors) 52.92 (72.49)  9.42+2.06 51.2 (70.2) 7.9+2.17 45.2 (61.9) 9.28+2.61

SD : Standard Deviation; Figure in the parenthesis indicate percentage

Table 6: Mean scores of correct responses for question on Knowledge, Attitude and Practice regarding

biomedical waste among subgroups of Laboratory technicians, nurses and doctors

Participants

Knowledge

Mean score (%)

Attitude

Mean score (%)

Practice
Mean score (%)

Group Al: Technicians with <10 years of experience 35.15 (79.89) 36.9 (83.9) 32.73 (74.39)
Group A2: Technicians with >10 years of experience 19.53 (81.41) 19.91 (82.98) 18.53 (77.2)
Group B1: Nurses with <10 years of experience 13.07 (54.48) 17.91 (74.65) 14.13 (58.88)
Group B2: Nurses with >10 years of experience 19.46 (44.23) 34.91 (79.35) 25 (56.81)
Group C1: Resident doctors (1st year) 19.46 (69.45) 20.08 (71.72) 16.8 (60)
Group C2 : Resident doctors (2nd year) 33.46 (74.35) 31.16 (69.25) 28.4 (63.1)

Figure in the parenthesis indicate percentage;

Table 7: Mean score and percentage of correct responses for question on Knowledge, Attitude and
Practice regarding biomedical waste among trained and untrained Laboratory technicians, nurses and

doctors

Domain  Technician (Mean score)

Nurses (Mean score)

Doctors (Mean score) Total (Mean score)

Trained Untrained Trained Untrained Trained Untrained Trained Untrained
Knowledge 10.32(79.3) 10.68 (82.15) 6.19 (47.6) 6.31 (48.5) 9.75(75) 9.26 (71.2) 85(65.3) 8.9 (68.4)
Attitude 10.25 (85.41) 9.64 (80.33) 9.80(81.6) 8.22 (68.5) 9.16(76.3) 8.06(67.1) 9.84 (82) 8.5 (70.8)
Practice 11.34 (75.6) 11.24 (74.9) 8.48(56.5) 8.95(59.6) 10.16 (67.7) 8.89(59.2) 9.92 (66.13) 9.5 (63.3)

Figure in the parenthesis indicate percentage;

They were interested to attend training pro-
grammes that enhance and upgrade their knowl-
edge regarding the topic. More than 90% partici-
pants believed that strict color coding implementa-
tion, labeling bags and separate vehicle for waste
transport are essential for successful biomedical
waste management. Predominantly 82.38% (n=173)
participants felt that biomedical waste manage-
ment is a team work. Need for tie up with authori-
zedcompany for proper disposal of biomedical
waste is felt necessary by 64.76% (n=136) partici-
pants. However, 66.66% (n=140) participants think
that biomedical waste management is a financial
burden to the hospital. (Table 3)

Segregation of the waste at the point of generation
was done by 40.95% (n=86) participants and on-
ly14.5% (n=10) nurses. Overall 41.9% (n=88) partic-
ipants and only 27.5% (n=19) nurses were using all
the recommended color coded bins for segregation
of biomedical waste correctly. Only 38.35% (n=28)
doctors were discarding glove correctly. More than
85% of participants were discarding needles, soiled
dressings and intravenous infusion sets appro-
priately. Only 23.2% (n=16) nurses and 27.39%
(n=20) doctors had noticed label details on biomed-
ical waste bags. Correct waste bag filling propor-
tion was found only in 43.5% (n=30) nurses. Sub-

stantially79.5% (n=167) participants answered that
biomedical waste transport practice was proper in
the institute. Predominantly 79% (n=166) partici-
pants were practicing disposal of pretreated waste
without mixing with municipal waste. Only 40.6%
(n=28) nurses and 42.46% (n=31) doctors were
practicing correct method of preparation of 1% so-
dium hypochlorite from the 5% strength. Appro-
priate blood spillage management practices were
found only in 43.5% (n=30) nurses. (Table 4)

We found that knowledge, attitude and practice
scores of laboratory technicians were highest. The
knowledge and practice scores of resident doctors
(72.49% and 61.9%) were significantly higher than
those of nurses. (Table 5)

Technicians with more than 10 years of experience
performed better than those with less than 10 years
of experience. In contrast, nurses with less than 10
years of experience outperformed nurses with
more than 10 years of experience in knowledge
and practice of biomedical waste management.
First year resident doctors (71.72%) showed higher
score in attitude compared to senior resident doc-
tors (69.25%). However, knowledge and practice
scores of senior resident doctors (74.35% and
63.1%) were higher than first year resident doctors
(69.45% and 60%). (Table 6)
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Trained health care workers mean scores were
higher compared to untrained ones in attitude and
practices regarding biomedical waste management
and bio-safety. Knowledge scores were better in
untrained health care professionals than the
trained ones. (Table 7)

DISCUSSION

Healthcare sector generates huge amount of bio-
medical waste which carries high potential of in-
fection and injury than any other type of waste. It
is estimated that 10-25% of healthcare waste is in-
fectious in nature. 8 For an effective waste man-
agement waste should be managed at every step
from collection to disposal.  Every concerned
health worker is expected to have proper know-
ledge, attitude and practice for biomedical waste
management. Hence, the present study was con-
ducted to assess current knowledge, attitude and
practice of biomedical waste management among
healthcare workers in tertiary care hospital and to
fill the gaps with future training programs.

Most of the participants were aware about the
biomedical waste management rules 1998, objec-
tives of biomedical waste management, risk asso-
ciated with waste handling and biohazard symbol.
This awareness is better than the observations of
other studies done in India by Sood et al, Sanjeev
et al, Naresh et al and Das SK et al. “1"However,
much better awareness among healthcare workers
were found in Soyam GC et al, Bakshi R et al and
Kulkarni VL et al.’315Recognition of biohazard
symbol is poorer in study done by Sanjeev et al.10
This awareness about biomedical waste manage-
ment can be attributed to frequent biomedical
waste training programs and poster campaigns in
the past. However better recognition is found in
study done by Bakshi R et al.* So, more emphasis
can be given on biohazard symbol identification in
future training programs as well as various educa-
tional material display.

Study done by Das SK et al has shown 37.41% of
healthcare workers were aware about hazards of
biomedical waste. High awareness among health-
care workers (98%) about hazards and dangers of
biomedical waste in present study is comparable to
study done by Naresh et al.'l Such a high aware-
ness among healthcare workers can be used to de-
velop a positive attitude and correct practices to-
wards safe and effective biomedical waste man-
agement. Correct knowledge about amount of gen-
eral waste and hazardous waste generated by
healthcare activities in hospital is with 64.28% of
healthcare workers. Such awareness is much high-
er compared to study done by Pullishery F et al
(46%).16

An important pre-requisite and key step for suc-
cessful biomedical waste management is segrega-
tion of the waste at the point of generation into
color coded bags and bins. This is not known to
many of the participants especially nurses. This is
very low compared to study done by Soyam GC et
al.BNurses were also not aware about which
bags/bins need pretreatment. So the future train-
ing programs must focus on these segregation and
pretreatment especially in the nursing staff. The
untreated biomedical waste cannot be stored
beyond 48 hours without approval from the au-
thority.

Correct knowledge regarding the maximum time
limit for biomedical waste storage was not found
in the participants especially again in nurses. Study
done by Sanjeev et al showed better awareness in
about 60% of the participants.’’"However finding is
not as bad as study done by SK Das et al which
showed that only 7% of healthcare workers were
aware about it12Storage of biomedical waste
should be emphasized in future training programs.
Detailed discussion should be done when one can
keep biomedical waste for more than 48 hours,
procedure for approval from authority and various
treatment options for waste.

The participants were aware who to report in case
of needle stick injury, but were not aware when to
take Post exposure prophylaxis especially. An
awareness campaign is must for post-exposure
prophylaxis in the participants to ensure their safe-
ty in case of needle-stick injuries.

The participants had positive attitude towards
biomedical waste management rules and its im-
plementation. This is comparable to study done by
Soyam GC et al.’¥They believed in team work and
wanted strict implementation of biomedical waste
rules. All the healthcare workers in study done by
Naresh et al and Malini et were agreed upon that
biomedical waste management is team
work."""However, 67% participants think that
biomedical waste management is a financial bur-
den to the hospital, which is comparable to study
done by Kulkarni et al.’s

Though more than 50%of the participants had re-
ceived training in biomedical waste management,
almost all of them wanted regular training pro-
grammes to enhance and upgrade their knowledge
regarding the topic.Similar finding was noted in
study done by Naresh et al and Malini et al.1%1”
However, it better than study conducted by San-
jeev et al?'We conduct training programs once a
year for technicians, nursing staffs and resident
doctors emphasizing on biomedical waste man-
agement and bio-safety. This study has also made
us realize that biomedical waste management
training programs should be conducted more fre-
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quently to include untrained technicians, nurses
and resident doctors.

Practices were lacking in segregation at point of
generation and use of correct color coded bins fo-
rit, especially in nurses. This result is better than
results of Sanjeev et al and Sudhakar et al &°. It is
strikingly in contrast with the result of studies
done by Naresh et al, Charania ZK et al in Chennai
and Sudhir KM et al in Davangere where the cor-
responding figures were 63.03%, 82.4% and 70%
respectively.!l-18-19Practices for disposal of needles,
soiled dressings and intravenous infusion sets
were appropriate in most of the participants. Doc-
tors needed more training for correct disposal of
used gloves. Waste bag filling and labeling and so-
dium hypochlorite preparation practices needed
more improvement in nurses and doctors. Blood
spillage practices should be implemented correctly
by nurses.

Though the vaccination results of participants are
better than those found in study done by Malini A
et al, an active effort is still needed to cover re-
maining unvaccinated healthcare workers.!” Effica-
cy of Hepatitis B vaccination should be evaluated
by measuring Anti-HBs titres in vaccinated health-
care workers.

In the current study it was found that knowledge
and practice regarding biomedical waste manage-
ment and bio-safety was better among technicians
and doctors than nurses. A study done by Mathew
et al, Ludhiana showed the same result. 2Study
done by S A Hakim et al showed the opposite find-
ings that the practice scores of nurses (84.8%) were
significantly higher than those of doctors
(67.3%).%In study done by Madhukumar S et al in
Bangalore it was found that nurses practiced bio-
medical waste management significantly better
than technician staff.! The results undoubtedly re-
flect nurses’ lack of awareness of the problem in
general and their role in waste management in par-
ticular. This may be attributable to their lack of
training and educational qualification. Another
reason for deficient practices might be patient
overload as the hospital provides most of the
healthcare services free of cost to the public. Inade-
quate supplies of resources and manpower might
also contribute to deficient practices. Experienced
technicians and doctors outperformed their newly
recruited counterparts. These findings suggest that
more experience in healthcare field would create
more awareness about biomedical waste manage-
ment and allow them to practice it correctly. Train-
ing senior healthcare staff will have dual advan-
tage, one to refresh and update their existing
knowledge and second being that they will train
their junior staff. In contrast, nurses with less than
10 years of experience performed better than the

ones with more than 10 years of experience. This
also should be noted while creating a schedule for
training of biomedical waste management pro-
grams.

It is also evident from our study that trained health
care professionals have better attitude and practic-
es towards biomedical waste management and bio-
safety compared to untrained ones. Interestingly,
untrained health care workers scored more in
knowledge as their curriculum memory are still
fresh. So, future training programs should focus on
refreshing knowledge aspect in experienced and
trained health care professionals. Attitude and
practical demonstrations should be of focus in un-
trained health care workers.

The limitation of our study was that we could not
assess every aspect of KAP as it was based on mul-
tiple choice questions questionnaire. More details
on problems faced by healthcare workers and their
suggestions could not be obtained by this format.

CONCLUSION

There is a need for intensive training programs at
regular intervals to re-train all the staff with special
focus on nurses and first year resident doctors.
Strict supervision and surveillance should be fol-
lowed daily regarding hospital waste management
activities.

Acknowledgement: We acknowledge all the tech-
nicians, nursing staff and doctors for their co-
operation and support during the study.
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