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The study aimed to analyze the impact of pandemic-related BMW production and
management in the Philippines and its potential role in transmitting the COVID-19 virus via a
mixed-methods analysis of data from surveys of different sectors (consumers of medical waste,
deliverymen, and medical workers) and using secondary sources. The results revealed that
the most common types of PPE used in the country are disposable face masks and face shields,
wherein all respondents reported an increase in the consumption of medical materials. An
improper disposal of an estimated 85 million disposable face masks and 50 million face shields
in the Philippines poses a serious threat to the environment and health in the Philippines,
a biodiversity hot spot. There was a strong correlation between the increased exposure to
BMW and laxer degrees of implementation of proper BMW disposal practices. The paper also
established an estimated consumption of ~ 120.5 million face masks, ~ 71.4 million face shields,
" 38 million disposable gloves, and ~ 4.1 million full-body suits per day in the Philippines. The
actual output of biomedical waste in the country drastically increased in a year, comprising
an average daily output of 3,390 tons of BMW (~ 482 tons for face masks, ~ 2,544 tons for face
shields, ~ 198 tons for disposable gloves, and ~ 167 tons for full-body suits which is an important
discovery regarding the biomedical waste in the country. These estimates were found to be
higher than those reported by the Asian Development Bank in 2020. All sectors reported low
awareness levels and confidence in the country's effectiveness in implementing current BMW
management practices.

Keywords: Biomedical Waste; BMW management practices; COVID-19 pandemic;
Environment; Philippines.

The ongoing coronavirus disease
(COVID-19) pandemic has led to an increase in the
production of biomedical waste, with states, health
institutions, and companies struggling to cope with
the management of the huge volumes of biomedical
waste. There are about 3.4 billion single-use face
masks/face shields discarded daily around the globe

because of the COVID-19 pandemic'. This massive
increase in production, use, and improper disposal
of PPEs face masks, and face shields have further
contributed to marine plastic pollution®*. Aside
from this, the improper or insufficient treatment
and disposal of healthcare waste also pose a severe
risk of disease transmission to waste pickers, waste
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workers, health workers, patients, and the general
community through exposure to infectious agents®.
The city corporations, third-party actors, and non-
governmental organizations primarily manage
the hospital waste; however, these stakeholders’
capacities do not meet the requirements of a proper,
environmentally safe medical waste disposal
mechanism®.

Given that the United Nations Sustainable
Development Goals (SDGs) place a premium on
combatting environmental pollution and its impacts
on human health(i.e., SDG 3.9, which seeks to
“substantially reduce the number of deaths and
illnesses from hazardous chemicals and air, water,
and soil pollution and contamination.” ¢, sufficient
evidence of inadequacy or harmfulness of country’s
waste management systems in mitigating the health
and environmental impacts of the pandemic would
warrant a paradigm shift into a strategic, state-of-
the-art medical waste management system.

Since the Philippines is a biodiversity
hotspot, there is a perceived threat to the ecosystem.
Hence, there is a need for safe and effective BMW
management practices to ease this concern. The
frequent lockdowns and disrupted supply chain
during the ongoing SARS covid-19 pandemic have
impacted the types, volumes, and management
practices in terms of frequency of collection of
BMW?’. Therefore, the first step towards finding
solutions is to make an estimate of how much
BMW is being generated in the country. Hence,
this study focuses on analyzing the implications of
BMW management on the environment and health
in terms of virus transmission owing to the current
BMW production and management practices in the
Philippines. In the Philippines, to the best of the
researchers’ knowledge, this is the first attempt to
make an estimate of the BMW generation to find
sustainable solutions for the management of BMW.

METHODOLOGY

Study Design & Questionnaire

The study used a mixed-methods approach,
combining descriptive and analytical quantitative
methods using an online Google survey form
comprising close-ended survey questionnaires
dedicated to the general BMW consumer
population (n=116), front liners comprising
medical professionals and health workers (n=102),
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and delivery men (n=52) respectively. The online
data collection was done between the period of
October 2021- March 2022. with the respondents
belonging to all three regions, Luzon, Visayas
and Mindanao, though most of the respondents
were from Luzon, which is the largest region in
the country with a maximum concentration of
the population. Following the guidelines of the
Data Privacy Act (Republic Act No. 10173) of
the Philippines®, all relevant documents such as
the Research Ethics Clearance Form, Research
Information Sheet, and Informed Consent Form,
were processed prior to data collection. To estimate
the BMW generation for the entire population, the
population figures were sourced from secondary
sources such as the Philippines statistics authority
for overall general consumers’, the business world
for a total number of frontline workers'® and
sources quoted in the Rappler news agency for a
total number of delivery men in the country''. The
relevant questions were added in the google form to
assess the awareness level among the respondents
about the Health Care Waste Management Manual
(HCWMM)'? from the Department of Health, Govt
of Philippines, which explains the policies and
guidelines about BMW disposal,
Statistical analyses

The coded data were cleaned, and the
Chi-square test was used to test the correlation
between COVID positivity and BMW exposure
and implementing proper disposal practices.
Means and standard deviations were used to
analyze trends in BMW consumption. Based on
the results of the survey, the total population of
each sector was multiplied by the average (mean)
consumption, Meanwhile, frequency distribution
was used to show the most common type of PPEs
used by respondents, respondents ‘increase in
BMW consumption, current BMW practices in the
country, knowledge of the HCWMM respondents’
overall confidence in these practices in terms
of their mitigation of potential environmental
and transmission risks, and perceived problems
regarding BMW in the country.

RESULTS
Estimated BMW Production during COVID-19

The disposable face masks (as reported
by 100% of front-liners and delivery men, and
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92.1% of general consumers) and plastic face
shields (as reported by 100% of delivery men,
99% of front-liners, and 62.3% of general
consumers) were the most common type of waste
in the BMW. Meanwhile, despite discouragement
from health experts, cotton face masks are still in
use (68.5% of delivery men, 36.52% of general
consumers, and 7% of front-liners). Notably, the
use of disposable gloves was high among front-
liners (95.1%) but significantly less among the
other two sectors (6% of delivery men and 0% of
general consumers). Other types of PPE prevalent
among front-liners include full-body suits (94.1%),
disposable shoes (85.3%), goggles (48.1%), and
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respirators (20.6%). Data collected from all three
sectors shows that 100% of respondents reported
an increase in their consumption of either some
(94% of general consumers, 68% of delivery men,
and 13% of front-liners) or all (87% of front-
liners, 32% of delivery men, and 6% of general
consumers) of the enumerated BMWs (face masks,
face shields, disposable gloves, disposable shoes,
and full-body suits).

With the disposable face masks, face
shields, disposable gloves, and full body suits
identified as the most common or widely used
types of PPE during the data collection period,
their consumption in numbers across the Philippines

Table 1. Overall Estimated Weight of BMW Produced per Day

BMW Type Quantity Per Day Approx. Weight (kg.) Weight in Tonnes
Face Masks 120,526,004 0.004 482.10
Face Shields 71,465,296 0.0356 2,544.16
Disposable Gloves 38,057,813 0.0052 197.90
Full-Body Suits 4,164,660 0.04 166.59
Total per Day 3,390.76

Table 2. Correlation between COVID Positivity

Table 3. Correlation between COVID-Positivity
and the Degree of Implementation of Proper

and BMW Exposure BMW Disposal Practices

Sector Chi-square p-value Sector Chi-square p-value
General Consumers 5.7256 0.0000 General Consumers 7.6409 0.0000
Front liners 18.888 0.0000 Front liners 8.5019 0.0000
Delivery Men 9.3844 0.0000 Delivery Men ASTT 0.0000
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throughout the pandemic period was estimated.
General consumers, front liners, and delivery
men reported a staggering amount of disposable
face masks (H” 120.5 million pieces), face shields
(H” 71.4 million pieces), disposable gloves (H”
38 million pieces), and full body suits (H” 4.1
million pieces) consumed per day. Table 1 shows
that the actual output of BMW in the Philippines
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has drastically increased within a year with a daily
output average of 3,390 tons of BMW (H” 482 tons
for face masks; H” 2,544 tons for face shields; H”
198 tons for disposable gloves, and H” 167 tons
for full-body suits. In line with this, in the country,
only around 29% of the total generated BMW is
treated and disposed of properly because of the
limited capacities of the waste treatment program
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Figure 2. Confidence Levels of respondents in the Current BMW Management Practices in the Philippines

LS

Problemas in BMYY Manasgemaend

Cratdated and Inefficient BAY Management Technology m
Crurpr ctuctinn of PPES E&Sl
Lirahege BRI Management GuideEnes W
T B T T i
Lack of Awsareness of Proper BRMW Disposall Practioe m
L

ML eI T T
(g i F i g hTn; 1]
Percentape of Feipondents
B Delbvery Mon BFrontiners 8Ge el Condurmad

Figure 3. Perceived Problems in BMW Management



BARAYANG et al., Biomed. & Pharmacol. J, Vol. 15(3), 1573-1581 (2022)

and disposal facilities and the procedures involved
in giving permission to waste haulers to operate
legally'?. Upon application of this percentage,
the estimates would imply that about 85 million
disposable face masks, 50 million face shields, 27
million disposable gloves, and 3 million full body
suits are improperly disposed of. However, as the
percentage of treated BMW refers to the totality of
all BMW collected, the amount of untreated BMW
will exceed this amount.

Awareness levels of Current BMW Management
Practices

The Philippines’ Department of Health
(DOH) created and continuously revised the
“Health care waste management manual”
(HCWMM), which serves as a set of guidelines
on the safe management of waste generated from
healthcare activities tailored for the use of all
individuals, public and private establishments, and
other entities'>. However, when enquired about
their knowledge regarding the HCWMM, only 14%
of general consumers, 36.9% of delivery men, and
57% of front-liners said they knew of its existence,
while a significantly less portion of each sector (6%
of general consumers, 11% of delivery men, and
29.42% of front-liners) established that they were
familiar with the manual’s contents (Figure 1).

When prompted to pick which of the
enumerated practices for BMW management
are being observed, to their knowledge, in their
respective work environments, the top three
practices implemented across the three sectors
include the segregation of used PPEs from
residential waste ( 80.4% of front-liners, 76.9% of
delivery men, and 53.5% of general consumers),
disinfection of used PPEs (83% of front-liners,
44% of general consumers, and only 38.5% of
deliverymen), and placing used PPEs in sealed
bags/containers before disposal (100% of frontline
workers and 59.6% of delivery men but only a mere
36% of general consumers).

Alarmingly, although the manual also
requires the registration of waste generators, waste
transporters, and operators of toxic and hazardous
waste treatment facilities with the Environmental
Management Bureau (EMB), only 19.6% of
front-liners and no percentage of delivery men
and general consumers reported knowledge of
its practice in their work environments. 18.4% of
general consumers, 1% of frontline workers, and
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17.3% of delivery men accounted that none of the
enumerated BMW disposal guidelines were being
observed in their work environments.

BMW Exposure and Implementation of Disposal
Practices as Predictors of COVID-19 Positivity

Table 2 shows the correlation between
COVID positivity and BMW Exposure. The
general consumers, front liners, and delivery men
all had a p < 0.05 which showed that there is a
significant relationship between COVID positivity
and increased exposure of the respondents to
BMW. A correlation between COVID positivity
and implementation of proper BMW disposal
practices was also observed (Table 3). With p <
0.05, the result showed that those who reported lax
policies for BMW management in their workplaces
had been more likely to get infected, which is the
case for front liners, deliverymen, and general
consumers.

Confidence in BMW Management Practices

When enquired to rate their confidence
level in the Philippines’ BMW management
practices concerning their effectiveness in
mitigating potential environmental risks, front-
liners and delivery men reported having relatively
lower confidence than general consumers did.
Based on the results of the survey, 43% of general
consumers showed they were moderately confident
of the environmental soundness of the country’s
BMW management. In contrast, most front liners
posited somewhat being unconfident (41.2%) to
completely unconfident (34%), while 36.50% of
delivery men reported being slightly unconfident,
while 26.90% were completely unconfident.

The similar trend is observed in the
respondents’ confidence in the Philippines’ BMW
management practices in terms of their effectiveness
in mitigating further virus transmission. On
average, general consumers (38.6%) reported
moderate confidence in the country’s current
practices with an equal percentage of respondents
(25.4% each) who accounted as either somewhat
confident or somewhat unconfident. In contrast,
front-liners posted an overall lower confidence
level with 39.2% feeling somewhat unconfident and
32.4% being completely unconfident. Meanwhile,
36.5% of delivery men said they were somewhat
unconfident and 26.9% said they were moderately
confident. Figure 2 includes the overall confidence
levels of the sectors involved in the country’s
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current BMW management practices to mitigate
both potential environmental and COVID-19
transmission risks.

The most significant problem identified
by all sectors namely frontline workers (99%),
general consumers (93%), and delivery men
(90%) in BMW management in the country was
insufficient BMW management capacity. The
lack of awareness of proper BMW management
practices followed this as identified by 92% of
general consumers, 88% of delivery men, and
85% of front-liners. Unclear and confusing BMW
management guidelines rank third among other
significant problems, based on the results, including
ambiguous BMW management guidelines,
lack of awareness of the problems of BMW
management, and use of outdated and inefficient
BMW management technologies. Figure 3 presents
the data about the most common problems of BMW
management faced in the country.

DISCUSSION

The most common types of personal
protective equipment (PPEs) used in the country
are disposable face masks and face shields. Further,
the frontline workers mainly use and dispose of
disposable gloves, full-body suits, disposable
shoes, goggles, and respirators. All respondents
from all sectors reported an increase in their
BMW consumption because of the pandemic; thus,
increasing Philippine and global plastic pollution,
which is in line with other reported studies '*'*.
The present study calculated an estimated H”
120.5 million face masks, H” 71.4 million face
shields, H” 38 million disposable gloves, and H”
4.1 million full body suit consumption per day in
the Philippines. The actual output of BMW in the
Philippines has increased within a year, with a
daily output average of 3,390 tons of BMW. The
much widely quoted study by ADB only reported
the BMW data collected from the area around the
capital Metro Manila, the National Capital Region
(NCR) producing an average of 280 metric tons
of BMW, which is a 469% increase from the pre-
pandemic 47 metric tons'®. Given that only around
29% of the total generated BMW is properly
managed owing to limited capacities, the rest of
it well over 85 million disposable face masks,
50 million face shields, 27 million gloves, and
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3 million PPE suits are not disposed of properly.
Ultimately, this will lead to an expected increase
in national and global plastic pollution as most
PPEs are made up of single-use plastic material
that breaks down into smaller microplastics and
poses potential risks to ecosystems and organisms.

Since the virus survives on medical
waste and plastic, the increase in BMW will
not only lead to increased air, water, and soil
contamination but also heightened risks to human
health's'7. The results presented in this paper also
established a significant relationship (p < 0.05)
between exposure to BMW and laxer degrees of
implementation of proper BMW disposal practices
and COVID infection. The virus transmission
among the sanitary workers exposed to BMW
while handling and recycling is already reported
in countries like the USA'", Singapore!®, and
China %, it is important to focus attention on the
proper disposal of BMW in the country to contain
the pandemic.

Furthermore, only 6% of general
consumers, 11% of delivery men, and 29.42% of
front-liners were familiar with the contents of the
HCWMM, which shows the low level of awareness
of Filipinos’ on handling BMW. Respondents
identified insufficient BMW management capacity
and lack of awareness of proper BMW management
practices as the most significant problem for
BMW management in the country. Front-liners
and delivery men reported that they have low
confidence in the country’s effectiveness in using
current BMW management practices in mitigating
potential environmental and virus transmission
risks. The low awareness levels of biomedical
waste management practices are a common
problem in many developing countries®..

In terms of implementation, the most
observed BMW management practices include the
segregation of used PPEs from residential waste,
disinfection before disposal, and placing used PPEs
in sealed containers before disposal. Since the
frequent lockdowns, and increased hospitalization
of corona-infected patients has been reported to
further exacerbate the BMW management problem,
continuous monitoring of BMW generation in the
country needs to be carried out. Further, an analysis
of strategies and technologies from different
countries and their local applications will help
the country shift to a more modern, effective, and



BARAYANG et al., Biomed. & Pharmacol. J, Vol. 15(3), 1573-1581 (2022)

consistent BMW management scheme. Increased
funding for the research and development of
eco-friendly and safe disposal mechanisms can
relieve the strain of increased BMW production.
The knowledge of the contents of the HCWMM
should be readily available to all households,
hospitals, and general offices. A proper and fast
pandemic response must be prioritized to ease
the demand for PPEs to address the root of the
issue. Some disposal methods such as shredding
(done in India and other countries to avoid the
reuse of BMW) and incineration (practiced in
Japan, Sweden, and Denmark) to reduce landfills
and destroy potentially dangerous bacteria) are
too cost-prohibitive for a developing country like
the Philippines. Hence, the BMW management
practices need to be specific to the Philippines
considering all the specific variables.

CONCLUSIONS

All respondents from all sectors reported
an increase in their BMW consumption because
of the pandemic; thus increasing Philippines and
global plastic pollution. The use of disposable
gloves, full-body suits, disposable shoes, goggles,
and respirators was mainly observed among
frontline workers. The data collected in this study
revealed a far higher estimated volume of BMW
in the Philippines as compared with the reported
estimates in other studies. With the actual output
of biomedical waste in the Philippines drastically
increased within a year, with an average daily
output of 3,390 tons of BMW (H” 482 tons for
face masks; H” 2,544 tons for face shields; H” 198
tons for disposable gloves, and H” 167 tons for
full-body suits, the BMW management practices
need immediate attention of the stakeholders for
safe disposal of BMW. Furthermore, only 6% of
general consumers, 11% of delivery men, and
29.42% of front-liners reported familiarity with the
contents of the HCWMM, which shows the very
low level of awareness of Filipinos on handling
and guidelines on management of BMW. In terms
of implementation, the most observed BMW
management practices include the segregation of
used PPEs from residential waste, disinfection
before disposal, and placing used PPEs in sealed
containers before disposal, which would be
conducive to an overall decrease in the community
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transmission. Respondents identified insufficient
BMW management capacity and lack of awareness
of proper BMW management practices as the
most significant problem for BMW management
in the country. The paper established a significant
relationship (p < 0.05) between exposure to
BMW and laxer degrees of implementation of
proper BMW disposal practices and COVID
infection, leading to heightened risks to human
health. Front-liners and delivery men reported low
confidence in the country’s effectiveness in using
current BMW management practices in mitigating
potential environmental and virus transmission
risks. Hence, an overall review of the current
BMW management practices is urgently needed
and highly recommended.
Recommendations

Since the pandemic is still going on,
continuous monitoring of the BMW generation
needs to be done to devise the best BMW
management practices in the Philippines to control
the transmission of the virus through BMW. The
knowledge of the contents of the HCWMM must
be made readily available to all households,
hospitals, and general offices to raise the awareness
of general consumers regarding the safe disposal
of BMW. As the UN SDGs aim for sustainable
consumption and production, as well as reduction
of pollution and pollution-related illnesses and
fatalities, the Philippines must mainstream the
knowledge of the proper BMW disposal practices
and adopt other nations’ technologies and strategies
to shift to a more modern, effective, and consistent
BMW management practices such as shredding,
incineration, etc. though there are going to be huge
financial constraints. Using ‘onsite waste burial
pit’ # adopted by several developing nations to
address the BMW is not suitable for the typhoon-
prone Philippines as there is a danger of leaching
out hazardous materials during the rainy season
and strong inland ocean currents. For Biodiversity
hotspot countries like the Philippines, an integrated
approach involving thermal treatment, use of
biocidal materials, and safe recycling methods need
to be adopted to manage BMW. Further, a strong
thrust towards research and development of eco-
friendly and safe disposal mechanisms for BMW
is needed to reduce viral and bacterial transmission
because of unsafe BMW management practices.



1580

ACKNOWLEDGEMENTS

The completion of this research would
not have been possible without the support of
various groups and individuals. Thus, we thank
Ms. Liezl Rillera-Astudillo and Ms. Rochelle
Driza, the group’s statistician consultants, for
their assistance in the rigorous statistical analysis
and data collection aspects of the paper; Ms. Leah
Madrazo, the SHS Research Coordinator for
STEM, for her unwavering patience with aiding in
our correspondences and constant updates to our
research community; And finally, the researchers’
friends, families, and loved ones, whose support,
emotional sustenance, and encouragement fueled
the motivation to persevere despite times of
confusion, or doubt.

Funding source

This research did not receive any
specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

REFERENCES

1. Benson, N. U., Bassey, D. E., &Palanisami,
T. COVID pollution: Impact of COVID-19
pandemic on global plastic waste footprint.
Heliyon, 7(2): (2021). https://doi.org/10.1016/].
heliyon.2021.e06343

2. Rakib, M. R., De la Torre, G. E., Pizarro-Ortega,
C. 1., Dioses-Salinas, D. C., & Al-Nahian, S.
Personal protective equipment (PPE) pollution
driven by the COVID-19 pandemic in Cox’s
Bazar, the longest natural beach in the world.
Marine Pollution Bulletin, 169: 112497 (2021).
https://doi.org/10.1016/j.marpolbul.2021.112497

3. De-la-Torre GE, Rakib MRIJ, Pizarro-Ortega
CI, Dioses-Salinas DC. Occurrence of personal
protective equipment (PPE) associated with
the COVID-19 pandemic along the coast of
Lima, Peru. Sci Total Environ.; 774: 145774
(2021 ). doi: 10.1016/j.scitotenv.2021.145774.
Epub 2021 Feb 11. PMID: 33592402; PMCID:
PMC7875711.

4. Das, A. K., Islam, M. N., Billah, M. M., &
Sarker, A. COVID-19 pandemic and healthcare
solid waste management strategy — a mini-
review. Science of The Total Environment,
778: 146220 (2021). https://doi.org/10.1016/j.
scitotenv.2021.146220

5. Rahman, M. M., Bodrud-Doza, M., Griffiths,
M. D., & Mamun, M. A. Biomedical waste amid
COVID-19: Perspectives from Bangladesh. The

10.

I1.

12.

13.

14.

15.

16.

BARAYANG et al., Biomed. & Pharmacol. J, Vol. 15(3), 1573-1581 (2022)

Lancet Global Health, 8(10): (2020). https://doi.
0rg/10.1016/s2214-109x(20)30349-1

United Nations. (2015). SDG indicators - SDG
indicators. United Nations. Retrieved April
2, 2022, from https://unstats.un.org/sdgs/
metadata/?Text=&Goal=3&Target=3.9

Fan VY, Jiang P, Hemzal M, Klemes JJ. An update
of COVID-19 influence on waste management.
Sci Total Environ, 754:142014 (2021).
National privacy commission, 2016. Republic
Act 10173 — Data Privacy Act of 2012: https:/
www.privacy.gov.ph/data-privacy-act/
Philippine Statistics Authority. (2021, July
7). 2020 Census of Population and Housing
(2020 CPH) Population Counts Declared
Official by the President. Philippine Statistics
Authority. Retrieved April 4, 2022, from https://
psa.gov.ph/content/2020-census-population-
and-housing-2020-cph-population-counts-
declared-official-president#:~:text=The%20
Philippine%20Statistics%20Authority%20
Ku, R. L. C. (2021, September
5). Nurses’ group frustrated over slashed
Sfunds for 2022; considers case vs health chief.
Business World Online. Retrieved April 4,2022,
from https://www.bworldonline.com/nurses-
group-frustrated-over-slashed-funds-for-2022-
considers-case-vs-health-chief/.

Gozum, I. (2021, April 22). Medical waste piles up
as Ph celebrates Earth Day in pandemic. Rappler.
Retrieved September 4, 2021, from https://www.
rappler.com/environment/medical-waste-piles-
up-philippines-earth- day-pandemic-2021
Department of Health. (2020). Health Care Waste
Management Manual (4th ed.). https://doh.gov.
ph/sites/default/files/publications/Health Care
Waste Manageme nt_Manual.pdf

Klemes$ JJ, Van Fan Y, Tan RR, Jiang P.
Minimizing the present and future plastic waste,
energy and environmental footprints related
to COVID-19. Renew Sustain Energy Rev,
127:109883 (2020).

Tang W (2020) The medical waste related
to COVID-2019 is cleaned up every day—
the medical waste treatment market needs
to be standardized. 21st Century Business
Herald; 2020. www.21jingji.com/2020/3-12/
xNMDEzODFfMTUOM;IxNQ.html

Asian Development Bank. Managing infectious
medical waste during the covid-19 pandemic.
Asian Development Bank (2020).

Weber DJ, Rutala WA, Fischer WA, Kanamori
H, Sickbert-Bennett EE. Emerging infectious
diseases: focus on infection control issues for
novel coronaviruses (Severe Acute Respiratory
Syndrome-CoV and Middle East Respiratory



17.

18.

19.

20.

BARAYANG et al., Biomed. & Pharmacol. J,

Syndrome-CoV), hemorrhagic fever viruses
(Lassa and Ebola), and highly pathogenic avian
influenza viruses, A(H5N1) and A(H7N9). Am J
Infect Control, 44(5):E91-E100 (2016).
QugG,LiX, HuL,Jiang G. An imperative need for
research on the role of environmental factors in
transmission of novel coronavirus (COVID-19).
Environ Sci Technol, 54:3730-3732 (2020).
Zambrano-Monserrate MA, Ruano MA,
Sanchez-Alcalde L. Indirect effects of COVID-19
on the environment. Sci Total Environ,
728:138813 (2020). https://doi.org/10.1016/j.
scitotenv.2020.138813

National Environment Agency Singapore (2020)
Waste management-public waste collection
services during circuit breaker. https://www.nea.
gov.sg/our-services/wastemanagement/overview.
Occupational Safety and Health Administration
(OSHA) (2020) Guidance on Preparing
Workplaces for COVID-19.

21.

22.

23.

Vol. 15(3), 1573-1581 (2022) 1581
Mitiku G, Admasie A, Birara A, Yalew W.
Biomedical waste management practices and
associated factors among health care workers in
the era of the covid-19 pandemic at metropolitan
city private hospitals, Amhara region, Ethiopia,
2020. PLoS One.; 17(4): €0266037 (2022).
doi: 10.1371/journal.pone.0266037. PMID:
35385508; PMCID: PMC8985930.

Haque MS, Uddin S, Sayem SM, Mohib KM.
Coronavirus disease 2019 (COVID-19) induced
waste scenario: A short overview. J Environ
Chem Eng. ;9(1):104660 (2020). doi: 10.1016/;.
jece.2020.104660. PMID: 33194544; PMCID:
PMC7648514.

Sharma H.B., Vanapalli K.R., Cheelaa V.R.,
Ranjan V.P,, Jaglan A.K., Dubey B. Challenges,
opportunities, and innovations for effective solid
waste management during and post COVID-19
pandemic. Resour. Conserv. Recycl.,162:
(2020). doi: 10.1016/j.resconrec.2020.105052.



