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 Abstract   
The COVID-19 pandemic has induced some negative 
environmental issues, especially in the waste management sector. 
In developing countries, handling waste is carried out by two 
groups: waste workers and waste pickers who are exposed to 
possible hazards of infected waste. In the present narrative review, 
we searched for high-quality English publications in PubMed, 
Scopus, and Embase databases. The COVID-19 pandemic led to 
several problems in waste management systems, especially in 
developing countries. Due to poor management systems, waste 
workers and pickers are likely exposed to health risks related 
to unhealthy waste handling. The support of governments is 
urgently required to properly inform ordinary people about 
the correct ways of disposing of PPE and also train sanitation 
workers and waste pickers to reduce the hazardous possibilities. 
Additionally, financial support can also act as a suppressive agent 
to reduce the number of waste pickers. 
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Background 

In early 2020, the COVID-19 pandemic rapidly spread 
worldwide in about 215 countries.1 According to world 
meter, by December 1, 2021, 263,096,46 individuals had 
been infected, and 5,234,130 people had lost their lives.2 
Many countries have imposed strict travel restrictions, and 
even intercity travel was banned around the world.3-5 In 
addition, using personal protective equipment (PPE), such 
as masks, became mandatory in public, and media outlets 
began to promote using masks as well as the mandated 
social distancing measures to prevent the spread of the 
virus.2 However, mismanagement of PPE during the global 
COVID-19 pandemic resulted in the use and disposal of an 
estimated 129 billion face masks and 65 billion gloves per 
month, causing widespread environmental contamination 
and posing risks to public health.

The situation developed so rapidly at the beginning 
of the pandemic that supplying PPE was a global 
concern, and providing enough masks for healthcare 

workers and ventilators for patients became a global 
crisis.6 However, nternational cooperation and the 
support of the World Health Organization (WHO) 
and non-governmental organizations (NGOs) reduced 
thesesupply chain problems.7, 8

Despite these health problems, the COVID-19 
pandemic initially brought some environmental 
benefits. For example, due to the widespread lockdown 
curfews, global CO2 emissions reached their lowest 
levels since World War II.9, 10 In addition, air pollution in 
cities decreased sharply due to the reduced commuter 
traffic,11 and the tourism industry experienced a severe 
recession, which reduced pollution in beaches and 
aquatic ecosystems.12 The closure of many polluting 
industries also brought many environmental benefits. 
For example, in Asia, Europe, and other continents, 
energy and industrial sectors produced lower 
pollutants during the countries’ quarantine.13-16

Conversely, the COVID-19 pandemic also 
resulted in widespread negative environmental 
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issuesrelated to waste management systems.17 One 
of the greatest challenges was managing discarded 
face masks and gloves. Almost all over the world, 
people are either recommended or forced to wear 
face masks for outdoor activities, as it is the most 
effective non-pharmaceutical intervention against 
COVID-19 spread. Therefore, to reduce the risk of 
person-to-person transmission of coronavirus,18 a 
huge amount of PPE is being produced, used, and 
eventually discarded.18, 19 In other words, billions 
of face masks are being disposed throughout the 
world every day. It has made a serious concern for 
researchers and policymakers, and several studies 
have addressed the health problems resulting from 
the mass production and use of masks. Used masks or 
gloves might be contaminated by infectious droplets 
and aerosols carrying coronavirus.20 In addition, face 
masks are a potential source of microplastic fibers 
in the environment and waste workers. The study by 
Nzediegwu and Chang (2020) found that the daily 
demand for masks in Africa is 700 million. All of 
the masks were subsequently disposed of in landfills, 
which can pose a very high risk not only from the 
waste itself but also from the leaked leachate in 
landfills for workers exposed to these items through 
poor and unsustainable waste management systems 
like those of underdeveloped countries.21

In addition to waste staff, another at-risk group is 
waste pickers. Because of the economic crisis which 
originated from COVID-19 spread, about 200 million 
employees are predicted to get fired and lose their 
job. Especially in developing countries, owing to 
weak financial stability and infrastructure, the rate 
of unemployment and the risk of poverty have sharply 
increased, and it is anticipated that about 140 million 
people will be faced with food insecurity and extreme 
poverty.22 As a result, the number of waste pickers 
has dramatically soared and many former jobholders 
have started picking up useful waste items. They 
are looking for Plastic bottles or PETs, aluminum 
cans, cardboard in waste containers, and curbside 
plastic garbage bags as well as place of landfills.23 
The presence of potentially contaminated PPE in 
waste composition and containers can expose waste 
pickers to the secondary transmission of coronavirus. 
Meanwhile, the health of waste workers and pickers 
have not been given much attention, especially in 
developing countries addressed in this study.

Methods

In this narrative review, we comprehensively searched 
the main databases, including PubMed, Scopus, and 
Embase databases, to collect information related to the 
health risk of COVID-19 for waste workers and pickers. 
As the papers published concerning waste workers and 
pickers during the COVID-19 outbreak were limited, 
wider keywords, including waste management system, 

practice, challenges, waste staff, waste workers, and 
waste pickers, were used. The qualitative findings of 
the selected papers were reported as figures. We only 
included English-language articles that have been 
published regarding waste management issues during 
pandemics and health emergencies. Besides, papers 
presented in conferences, seminars, or webinars were 
excluded. We used the estimates and statistics reported 
by the world meters website and the study of Sangkham 
to calculate medical waste and weight of disposed 
facemasks during the COVID-19 pandemic.24, 25

Results

The medical waste production and the weight of face 
masks produced in developed and developing countries 
were estimated and presented in Table 1. Accordingly, 
there is no remarkable difference between developed 
and developing countries concerning medical waste 
production related to COVID-19 patients. Also, the main 
determining factor for wasted face masks is the urban 
population rate in different countries. 

Figure 1 presents the challenges, reasons, and 
consequences of COVID-19 on waste management 
systems. However, the COVID-19 outbreak had 
several disturbing environmental effects, and waste 
management systems were significantly affected by 
the pandemic. Recycling and reusing facilities became 
closed, and landfilling activities increased greatly. 
In several developed countries, due to poor waste 
management systems, many facemasks were left in 
the environment.33-36

Additionally, at the peak of the COVID-19 outbreak, 
many positive COVID-19 patients were recommended 
to stay home.36, 37 These patients produced infected 
waste, which were collected as municipal waste. It 
could make the potential risk of virus transmission 
for those in contact with the waste.20, 38

Risk to Waste Staff
During and after the quarantine, the amount of 

produced waste increased in different countries as 
people tended to buy their food in single-use plastic 
containers, and many restaurants were banned from 
serving food.2 In addition, an inevitable part was added 
to the waste (i.e., PPE such as face masks, gloves, 
protective clothing, shields, and eye protectors). 
As a result, the production of PPE has increased 
significantly; for instance, in china, the generation of 
medical waste and protective equipment has surged 
about sixfold, from 40 tons per day to 240 tons/d.2

Regarding the huge amount of used PPE, there 
are some challenges. First, during the disposing 
process, these items can release microplastics that 
can contaminate different parts of the environment, 
such as bodies of water.39 On the other hand, cross-
contamination might occur if they are not disposed 
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of safely. PPE used by the public should be sealed in 
one or two plastic bags before being thrown away; 
however, in poorer countries where people were not 
trained to dispose of PPE, masks, and gloves safely, 
were discarded in the trash -bins without being 
sealed. Therefore, other items in the bins could be 
contaminated.20 As a result, the presence of masks 
and gloves in the waste container has increased the 
likelihood of cross-contamination among waste 
workers in various sectors such as collection, 
separation, recycling, and even incineration.28, 40 To 
tackle this issue, it is recommended that segregation 
and recycling facilities be suspended in some areas 
for the short term; furthermore, it is emphasized that 
the waste must be sealed in a plastic bag and then 
disposed.41 However, due to the lack of adequate 
training for the public, garbage is often dumped inside 
the streets and sidewalks, which can lead to a high risk 
of infection for the workers clearing the streets and 
pavements (i.e., sanitation workers).28

Leachate of waste and the waste itself can pose 
a risk of transmitting the virus to municipal service 
personnel and even ordinary people - especially 
in areas where waste collection is not well done.28 
Moreover, in developing countries, the facilities and 
technologies used in waste management systems 
are very old. Thus they might leak leachate highly 
infected by different viruses, and it might make sense 
for coronavirus because SARS-CoV-2 is roughly 
persistent compared to other similar virus types.24, 42-44

Another vital point is that during and post-
COVID-19 pandemic, untreated waste has been 
increasing. For instance, in Tehran, the amount of 
landfilled waste has rocketed to 7500 tons per day 
during the COVID-19 pandemic, which is equal to 
all the waste generated in Tehran.28 Additionally, the 
production and demand for face masks and gloves 
have increased during the COVID-19 pandemic 
throughout the world. This increase has overloaded 
the waste staff and increased work shifts. For example, 

Table 1: The estimates of medical waste and the waste produced due to face mask usage in developed and developing countries
Developing areas Developed areas

Conti-
nent

Country Population Urban 
popula-
tion (%)

Daily 
weight 
of mask 
production 
(tons/day)

Medical 
waste 
produc-
tion (tons/
day)

Country Population Urban 
popula-
tion (%)

Daily 
weight of 
mask pro-
duction 
(tons/day)

Medical 
waste 
produc-
tion (tons/
day)

Asia Afghani-
stan

39835428 25% 55.76 432.65 China 1,444,216, 
107

61% 4933.4 466.2

Bahrain 1,748,296 89% 8.7 1044.4 Japan 126,050,804 92% 649.4 3124.7
Bangla-
desh

166,303,498 39% 363.2 3448 Singapore 5,896,686 100% 33 33

India 1,393,409, 
038

35% 2731.1 118827 South 
Korea

51,305,186 82% 235.6 42.7

Iran 85,028,759 76% 361.8 12403.5
Iraq 41,179,350 73% 168.3 5178.8
Jordan 10,269,021 91% 52.3 2957.3
Oman 5,223,375 87% 25.4 1013.34

Europe Albania 2872933 63% 10.13 523.36 Austria 9,043,070 57% 28.8 2550.8
Armenia 2968127 63% 10.4 886.9 Belgium 11,632,326 98% 63.8 4270.2
Bulgaria 6,896,663 76% 29.3 1664.3 Denmark 5,813,298 88% 28.6 1154.1
Czech 
Republic

10,724,555 74% 44.4 8422.9 Finland 5,548,360 86% 26.7 373.6

Greece 10,370,744 85% 49.4 1656.8 France 65,426,179 82% 300.4 22331.6
Turkey 85,042,738 76% 361.9 21280.8 Germany 83,900,473 76% 357.1 14712.9

Africa Algeria 44616624 73% 182.39 541.3
Camer-
oon

27,224,265 56% 85.3 317.9

Egypt 104,258,327 43% 251 1102.7
Morocco 37,344,795 64% 133.8 2086.3
Nigeria 211,400,708 52% 615.6 661

North 
America

Mexico 130,262,216 84% 612.7 9826.6 Canada 38,067,903 81% 172.7 5573.2
United 
States

332,915,073 83% 1547.3 131311.9

South 
America

Argen-
tina

45605826 93% 237.5 17088

Bolivia 11,832,940 69% 45.7 1685.6
Brazil 213,993,437 88% 1054.5 71771.03
Colombia 51,265,844 80% 229.7 15906.7

Oceania New 
Zealand

4,860,643 87% 23.7 9.4 Australia 25788215 86% 124.1 120.1
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sweepers have been working as waste collectors in 
Austria in recent months. In these conditions, it is 
recommended that older staff should not be hired as 
a waste collector since they are more vulnerable due 
to their poorer immune system.45, 46

Risk to Waste Pickers
The issue of waste pickers is very serious. In 

different countries, especially those that do not have 
a good economic infrastructure, many people lost 
their jobs due to the recession of industries, and this 
has caused a large number of people to be added to 
the garbage collector population in different cities.22, 47 
In addition to the economic and social consequences, 
this issue will have many health ramifications. These 
people quickly collect bottles and items from garbage 
bags all over the city before being collected by the 
waste collectors. They often tear up the garbage bags 
to get a bottle and scatter the garbage.23 Therefore, 
they are at risk of being exposed to toxic and chemical 
components of the waste23 In addition, masks and 
PPEs are often mixed directly with other contents 
in garbage bags, so when the waste pickers search 
through the bag and come in contact with them, they 
can be potentially contaminated. A smooth wind can 
spread the contaminated masks and gloves due to their 
low weight.48 SARS-CoV-2 persists on some surfaces 

for some days. Among different waste components, 
there are several reusable items, including cardboard, 
plastics, and aluminum cans on which the virus can 
persist for one, two, and three days, respectively 
(Figure 2). 

Because most waste pickers lack health education, 
they do not have enough information about the 
hazardous content of waste bags and the disease 
transmission methods.23 For example, their knowledge 
about how to prevent COVID-19 is limited to using a 
reusable mask without proper gloves and protective 
equipment; they go to the garbage can to find a few 
plastic bottles.51 Moreover, due to the severe recession 
during COVID-19, the number of these people has 
increased, and their chances of finding plastic bottles 
and other items have decreased; therefore, they have 
to spend more time to find useful items.22

Unfortunately, these individuals do not receive 
proper financial support the ,from local or central 
government and must continue their efforts to find 
used plastics, aluminum, cardboard, and metals. In 
addition, due to incorrect information and financial 
problems, they wear a single mask for several days, 
which could lead to the ingestion of microplastic 
fibers. Extended use of a plastic mask or using it 
several times is also not recommended due to the 

Figure 1: Challenges, reasons, and consequences of waste management systems due to COVID-19 outbreak.26-32
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false security it brings.52 On the other hand, picking 
up garbage is not limited to the city, and many waste 
pickers illegally collect garbage at landfills.51 This 
activity can also greatly increase the infection risk 
and transmit disease in other people.

Discussion

It has been mentioned that the risk of coronavirus 
transmission from surfaces is negligible. Nevertheless, 
there are several concerns about the transmission of the 
virus in municipal waste management.20, 53 For example, 
many patients spent their recovery period at home. The 
waste produced by these people has the characteristics 
of medical waste, but it is disposed of as municipal waste 
and poses both waste pickers and workers on the verge 
of health risks.54-57 On the other hand, waste leachate can 
contain high concentrations of the virus, which can be 
dangerous. The risk and dangerous conditions are more 
prevalent in poor or unsustainable waste management 
systems.35, 45, 58-60

Many measures can be taken to reduce the risk 
of infection, especially in people who are in contact 
with waste potentially contaminated with COVID-
19. For example, as much as possible, sufficient 
information should be given about the methods of 
collecting masks and gloves at the city level, and 
special bins should be placed to collect these items; 
so that, the waste pickers would not enter the bins.61-

63 Moreover, an accurate assessment of the potential 
of virus transmission in different parts of the waste 
management chain must be carried out.41 In the case 

of waste pickers, governments can play a key role, 
first, by providing financial support to these people 
to address the post-corona virus vulnerabilities, and 
second, by restricting garbage collection, especially 
around landfills.23, 51

Conclusion

Many alterations happened in the nature and composition 
of waste, which has resulted from the presence of several 
types of contaminating materials entering the waste 
cycle during the COVID-19 pandemic. Hence, both 
sanitation workers and waste pickers are probably at 
risk, especially in developing countries. This risk may 
be originated from exposure to potentially contaminated 
waste components or coronavirus-infected leachate. 
In-home quarantine of COVID-19-positive patients and 
mixing infectious waste of these people with municipal 
waste could increase the chance of virus transmission to 
people working with the waste. Older waste workers are 
more vulnerable to coronavirus infection; therefore, it is 
recommended that they should not be hired for high-risk 
jobs in waste management systems in which workers 
have more contact with the waste.

Moreover, sanitary workers should be trained 
and equipped with proper PPE. In addition, the use 
of mechanized devices with less human intervention 
can help reduce the risk of disease spread among 
municipal service employees. As for the waste pickers, 
the role of government is very important. Governments 
should increase their support for underprivileged 
people. In addition, NGOs could step forward to 

Figure 2: Persistence time of viable SARS-Cov-2 virus and contamination potential of different COVID-19 disposal items by which waste 
workers and pickers are exposed.28, 44, 49, 50 The exact remaining time of coronavirus in leachate is not reported, and the persistence time of 
other viruses is considered for waste leachate. ND: there is no available data.
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support low-income residents. The economically 
vulnerable residents should also be trained about the 
possible hazards of picking up waste for themselves 
and the public. Unfortunately, the correct method of 
discarding used masks and gloves was not publicized 
or advertised. For the time being, health policymakers 
just encourage or force people to wear masks and other 
protective equipment; however, the public should be 
notified how to dispose of masks and gloves correctly. 
Disinfecting the waste before disposing of it has also 
been recommended.

Conflict of interest: None declared.

References

1 Gholipour S, Mohammadi F, Nikaeen M, et al. 
COVID-19 infection risk from exposure to aerosols 
of wastewater treatment plants. Chemosphere. 2021; 
273:129701. doi:10.1016/j.chemosphere.2021.129701. 
PMID: 33517118; PMCID: PMC7825974.

2 Klemeš JJ, Van Fan Y, Tan RR, et al. Minimising 
the present and future plastic waste, energy and 
environmental footprints related to COVID-19. 
Renew Sustain Energy Rev..2020.109883. doi:10.1016/j.
rser.2020.109883. PMID: 34234614. PMCID: 
PMC7183989.

3 Zambrano-Monserrate MA, Ruano MA, Sanchez-
Alcalde L. Indirect effects of COVID-19 on the 
environment. Sci. Total Environ.2020.138813. doi: 
10.1016/j.scitotenv.2020.138813. PMID: 32964165; 
PMCID: PMC7498239.

4 Gholipour S, Shamsizadeh Z, Moazeni M, et 
al. Environmental aspects of the coronaviruses 
transmission: A narrative review. J. Isfahan Med. 
Sch. 2020;38(570):206-2115. doi: 10.22122/jims.
v38i570.12893.

5 Gholipour S, Nikaeen M, Manesh RM, et al. Severe 
acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) contamination of high-touch surfaces in field 
settings. Biomed Environ Sci. 2020;33(12):925-9. 
doi: 10.3967/bes2020.126. PMID: 33472732; PMCID: 
PMC7817469.

6 Burki T. Global shortage of personal protective 
equipment. Lancet Infect Dis. 2020;20(7):785-6. doi: 
10.1016%2FS1473-3099(20)30501-6. PMID: 32592673; 
PMCID: PMC7314445 9.

7 Leung CC, Lam TH, Cheng KK. Mass masking in 
the COVID-19 epidemic: people need guidance. 
Lancet. 2020;395(10228):945. doi: 10.1016/
S0140-6736(20)30520-1. PMID: 32142626; 
PMCID:PMC7133583.

8 Livingston E, Desai A, Berkwits M. Sourcing 
personal protective equipment during the COVID-19 
pandemic. Jama. 2020;323(19):1912-4. doi: 10.1001/
jama.2020.5317. PMID: 32221579.

9 Global Carbon Project, 2020 Accessed date: April 4 
2020. https://www.globalcarbonproject.org.

10 Le Quéré C, Jackson RB, Jones MW, et al. Temporary 
reduction in daily global CO 2 emissions during the 
COVID-19 forced confinement. Nat. Clim. Change. 
2020:1-7. doi: 10.1038/s41558-020-0797-x.

11 Berman JD, Ebisu K. Changes in US air pollution 
during the COVID-19 pandemic. Sci. Total Environ.. 
2020;739:139864. doi: 10.1016/j.scitotenv.2020.139864. 
PMID: 32512381; PMCID: PMC 442629.

12 Shakil MH, Munim ZH, Tasnia M, et al. COVID-19 
and the environment: A critical review and research 
agenda. Sci. Total Environ. 2020:141022. doi: 10.1016/j.
scitotenv.2020.141022. PMID: 32711074 ; PMCID: 
PMC 7366970.

13 Wang P, Chen K, Zhu S, et al. Severe air pollution 
events not avoided by reduced anthropogenic activities 
during COVID-19 outbreak. Resour, Conserv Recycl. 
2020;158:104814. doi: 10.1016/j.resconrec.2020.104814. 
PMID: 32300261; PMCID: PMC 7151380.

14 Dentener F, Emberson L, Galmarini S, et al. 
Lower air pollution during COVID-19 lock-down: 
improving models and methods estimating ozone 
impacts on crops. Philos Trans A Math Phys Eng Sci 
2020;378(2183):20200188. doi: 10.1098/rsta.2020.0188. 
PMID: 32981442.

15 Li L, Li Q, Huang L, et al. Air quality changes during 
the COVID-19 lockdown over the Yangtze River 
Delta Region: An insight into the impact of human 
activity pattern changes on air pollution variation. 
Sci. Total Environ. 2020:139282. doi: 10.1016/j.
scitotenv.2020.139282. PMID: 32413621; PMCID: 
PMC 7211667.

16 Mahato S, Pal S, Ghosh KG. Effect of lockdown amid 
COVID-19 pandemic on air quality of the megacity 
Delhi, India. Sci. Total Environ. 2020:139086. doi: 
10.1016/j.scitotenv.2022.200035. PMID: 32375105; 
PMCID: PMC7189867.

17 Silva ALP, Prata JC, Walker TR, et al. Increased plastic 
pollution due to COVID-19 pandemic: Challenges 
and recommendations. Chem Eng J. 2020:126683. 
doi:10.1016/j.cej.2020.126683. PMID: 32834764; 
PMCID: PMC7430241.

18 Silva ALP, Prata JC, Walker TR, et al. Rethinking and 
optimising plastic waste management under COVID-
19 pandemic: Policy solutions based on redesign and 
reduction of single-use plastics and personal protective 
equipment. Sci. Total Environ.t. 2020;742:140565. 
doi:10.1016/j.scitotenv.2020.140565. PMID:32622168; 
PMCID: PMC 7324921.

19 Wang M, Zhou M, Ji G, et al. Mask crisis during the 
COVID-19 outbreak. Eur Rev Med Pharmacol Sci. 
2020;24(6):3397-9. doi:10.26355/eurrev_202003_20707. 
PMID: 32271457.

20 Di Maria F, Beccaloni E, Bonadonna L, et al. 
Minimization of spreading of SARS-CoV-2 via household 
waste produced by subjects affected by COVID-19 or 
in quarantine. Sci. Total Environ.2020;743:140803. 
doi:10.1016/j.scitotenv.2020.140803. PMID:32653701; 
PMCID: PMC 7340013.



258 

Kazemi Moghaddam V, Walker TR, Pakdel M, Ahmadinejad P, Mohammadi AA

J Health Sci Surveillance Sys January (Supplement) 2023; Vol 11; No 1

21 Nzediegwu C, Chang SX. Improper solid waste 
management increases potential for COVID-19 spread 
in developing countries. Resour, Conserv Recycl. 
2020;161:104947. doi: 10.1016/j.resconrec.2020.104947. 
PMID: 32412552.; PMCID: PMC 7221374.

22 Laborde D, Martin W, Vos R. Poverty and food 
insecurity could grow dramatically as COVID-19 
spreads. International Food Policy Research Institute 
(IFPRI), Washington, DC. 2020.

23 Gutberlet J, Uddin SMN. Household waste and 
health risks affecting waste pickers and the 
environment in low-and middle-income countries. 
Int j occup environ health. 2017;23(4):299-310. doi: 
10.1080/10773525.2018.1484996. PMID: 29924702; 
PMCID: PMC 6147112.

24 Yousefi M, Oskoei V, Jafari AJ, et al. Municipal solid 
waste management during COVID-19 pandemic: 
effects and repercussions. Environ Sci Pollut Res. 
2021;28:32200-9. doi:10.1007/s11356-021-14214-9. 
PMID: 3394226; PMCID: PMC 8092713.

25 Sangkham S. Face mask and medical waste disposal 
during the novel COVID-19 pandemic in Asia. Case 
Studies in Chemical and Environmental Engineering. 
2020;2:100052. doi: 10.1016/j.cscee.2020.100052.

26 Nzediegwu C, Chang SX. Improper solid waste 
management increases potential for COVID-19 spread 
in developing countries. Resour, Conserv Recycl. 
2020;161:104947. doi:10.1016/resconrec.2020.104947. 
PMID: 32412552; PMCID: PMC 7221374.

27 Singh N, Tang Y, Zhang Z, et al. COVID-19 waste 
management: effective and successful measures 
in Wuhan, China. Resour, Conserv Recycl. 
2020;163:105071. doi: 10.1016/resconrec.2020.105071. 
PMID: 32834489; PMCID: PMC 7383137.

28 Zand AD, Heir AV. Emerging challenges in urban waste 
management in Tehran, Iran during the COVID-19 
pandemic. Resour, Conserv Recycl. 2020;162:105051. 
doi:10.1016/resconrec.2020.105051. PMID: 32834485; 
PMCID: PMC 7359795.

29 Sarkodie SA, Owusu PA. Impact of COVID-19 
pandemic on waste management. Environ dev sustain. 
2021;23(5):7951-60. doi: 10.1007/s10668-020-00956-y. 
PMID:32863738; PMCID: PMC 7447614.

30 You S, Sonne C, Ok YS. COVID-19’s unsustainable 
waste management. Science. 2020;368(6498):1438. doi: 
10.1126/science.abc7778. PMID: 32587012.

31 Filimonau V. The prospects of waste management in 
the hospitality sector post COVID-19. Resour, Conserv 
Recycl. 2021;168:105272. PMID: 36568327; PMCID: 
PMC 9758653.

32 Das AK, Islam N, Billah M, et al. COVID-19 pandemic 
and healthcare solid waste management strategy–A 
mini-review. Sci Total Environ. 2021:146220. doi: 
10.1016/j.scitotenv.2021.146220. PMID: 33711590; 
PMCID: PMC 7932852.

33 Hasan NA, Heal RD, Bashar A, et al. Face Masks-
Protecting the Wearer but Neglecting the Aquatic 
Environment? A Perspective from Bangladesh. A 

Perspective from Bangladesh (September 28, 2020) 
Hasan, NA, Heal, RD, Bashar, A, Haque, MM. 2021. 
doi:10.1016/j.envc.2021.100126.

34 Selvaranjan K, Navaratnam S, Rajeev P, et al. 
Environmental challenges induced by extensive use 
of face masks during COVID-19: a review and potential 
solutions. Environmental Challenges. 2021:100039. 
doi:10.1016/j.envc.2021.100039.

35 Hantoko D, Li X, Pariatamby A, et al. Challenges 
and practices on waste management and disposal 
during COVID-19 pandemic. Environ Manage. 
2021;286:112140. doi10.1016/j.jenvman.2021.112140. 
PMID:33652254; PMCID: PMC 7869705.

36 Tripathi A, Tyagi VK, Vivekanand V, et al. Challenges, 
opportunities and progress in solid waste management 
during COVID-19 pandemic. Case Studies in Chemical 
and Environmental Engineering. 2020;2:100060. doi: 
10.1016/j.cscee.2020.100060.

37 Ranjan MR, Tripathi A, Sharma G. Medical waste 
generation during COVID-19 (SARS-CoV-2) pandemic 
and its management: an Indian perspective. Asian 
Journal of Environment & Ecology. 2020:10-5.
doi:10.9734/ajee/2020/v13i130171.

38 Mol MPG, Caldas S. Can the human coronavirus 
epidemic also spread through solid waste? Waste Manag 
Res. 2020;38(5):485-6. doi:10.1177/0734242X20918312. 
PMID:32303151.

39 Fadare OO, Okoffo ED. Covid-19 face masks: a potential 
source of microplastic fibers in the environment. 
Sci Total Environ. 2020;737:140279. doi:10.1016/
scitotenv.2020.140279.

40 Kulkarni BN, Anantharama V. Repercussions of 
COVID-19 pandemic on municipal solid waste 
management: Challenges and opportunities. Science of 
The Total Environment. 2020;743:140693. doi:10.1016/j.
scitotenv.2020.140693. PMID:32563114; PMCID: PMC 
7297173.

41 Prata JC, Silva AL, Walker TR, et al. COVID-19 
pandemic repercussions on the use and management 
of plastics. Environ Sci Technol. 2020;54(13):7760-5. 
doi:10.1021/acs.est.0c02178. PMID:32531154.

42 Macaulay BM, Odiase FM. Medical waste management 
practices in developing countries: a case study of health 
facilities in Akure, Nigeria. International Journal of 
Environment and Waste Management. 2016;17(2):103-
27. doi:10.1504/IJEWM.2016.076756.

43 Rana R, Ganguly R, Gupta AK. An assessment of 
solid waste management system in Chandigarh City, 
India. 2015.

44 Van Doremalen N, Bushmaker T, Morris DH, et 
al. Aerosol and surface stability of SARS-CoV-2 
as compared with SARS-CoV-1. N Engl J Med. 
2020;382(16):1564-7. doi: 10.1056/NEJMc2004973. 
PMID: 32182409; PMCID: PMC 7121658.

45 Ragazzi M, Rada EC, Schiavon M. Municipal 
solid waste management during the SARS-COV-2 
outbreak and lockdown ease: Lessons from Italy. 
Sci Total Environ. 2020;745:141159. doi:10.1016/j.



259 

Risk of COVID-19 pandemic for waste workers and pickers

J Health Sci Surveillance Sys January (Supplement) 2023; Vol 11; No 1

scitotenv.2020.141159 . PMID: 32717596; PMCID: PMC 
7374137.

46 ISWA. Austria waste management during COVID-19. 
2020. https://www.iswa.org/

47 Baldwin R, Weder di Mauro B. Economics in the Time 
of COVID-19. CEPR Press; 2020 Mar 6:2-3.

48 Ajith N, Arumugam S, Parthasarathy S, et al. Global 
distribution of microplastics and its impact on marine 
environment—a review. Environ Sci Pollut Resea Int . 
2020; 27(21):25970-86. doi:10.1007/s11356-020-09015-
5. PMID: 32382901.

49 Sharma HB, Vanapalli KR, Cheela VS, et al. Challenges, 
opportunities, and innovations for effective solid waste 
management during and post COVID-19 pandemic. 
Resour conser recycl. 2020;162:105052. doi:10.1016/j.
resconrec.2020.105052. PMID: 32834486; PMCID: 
PMC 7362850.

50 Kampf G, Todt D, Pfaender S, et al. Persistence 
of coronaviruses on inanimate surfaces and their 
inactivation with biocidal agents. Journal of Hospital 
Infection. 2020;104(3):246-51. doi: 10.1016/j.
jhin.2020.01.022.

51 Solid waste management Retrieved from World Bank, 
World Development Indicators (2019); 2019.

52 Toomey E, Conway Y, Burton C, et al. Extended use 
or re-use of single-use surgical masks and filtering 
facepiece respirators: A rapid evidence review. Infect 
Control Hosp Epidemiol. 2020; 42(1):75-83. doi:10.1017/
ice.2020.1243. PMID:3302844; PMCID: PMC 7588721.

53 Urban RC, Nakada LYK. COVID-19 pandemic: 
Solid waste and environmental impacts in Brazil. 
Sci Total Environ. 2021;755:142471. doi:10.1016/j.
scitotenv.2020.142471. PMID: 3301049; PMCID: PMC 
7526525.

54 Yu H, Sun X, Solvang WD, et al. Reverse logistics 
network design for effective management of medical 
waste in epidemic outbreaks: Insights from the 
coronavirus disease 2019 (COVID-19) outbreak 
in Wuhan (China). Int Environ Res Public Health. 
2020;17(5):1770. doi:10.3390/ijerph17051770. 
PMID:32182811; PMCID: PMC 7084373.

55 Rahman MM, Bodrud-Doza M, Griffiths MD, et al. 
Biomedical waste amid COVID-19: perspectives from 

Bangladesh. Lancet Glob Health. 2020 ;8(10):e1262. 
doi: 10.1016/S2214-109X(20)30349-1. PMID: 32798448; 
PMCID: PMC 7426104.

56 Chen C, Chen J, Fang R, et al. What medical waste 
management system may cope With COVID-
19 pandemic: Lessons from Wuhan. Resour 
Conserv Recycl. 2021;170:105600. doi:10.1016/j.
resconrec.2021.105600. PMID:33821099; PMCID: 
PMC 8011665.

57 Agamuthu P, Barasarathi J. Clinical waste 
management under COVID-19 scenario in Malaysia. 
Waste Manag Res. 2021;39(1_suppl):18-26. 
doi:10.1177/0734242X20959701. PMID: 32972321.

58 Anand U, Li X, Sunita K, et al. SARS-CoV-2 and other 
pathogens in municipal wastewater, landfill leachate, 
and solid waste: A review about virus surveillance, 
infectivity, and inactivation. Environ Res. 2022; 
203:111839. doi:10.1016/j.envres.2021.111839. PMID: 
34358502; PMCID: PMC 8332740.

59 Kitajima M, Ahmed W, Bibby K, et al. SARS-CoV-2 in 
wastewater: State of the knowledge and research needs. 
Sci Total Environ . 2020;739:139076. doi:10.1016/j.
scitotenv.2020.139076. PMID:32758929; PMC 7191289.

60 of the International CSG. The species Severe acute 
respiratory syndrome-related coronavirus: classifying 
2019-nCoV and naming it SARS-CoV-2. Nat Microbiol. 
2020;5(4):536. doi: 10.1038/s41564-020-0695-z. 
PMID:32123347; PMCID: PMC 7095448.

61 Aragaw TA. Surgical face masks as a potential source 
for microplastic pollution in the COVID-19 scenario. 
Mar Pollut Bull. 2020;159:111517. doi:10.1016/j.
marpolbul.2020.111517. PMID:32763564; PMCID: 
PMC 7381927.

62 Abbasi SA, Khalil AB, Arslan M. Extensive use of 
face masks during COVID-19 pandemic:(micro-) 
plastic pollution and potential health concerns in the 
Arabian Peninsula. Saudi J Biol Sci . 2020;27(12):3181-
6. doi:10.1016/j.sjbs.2020.09.054. PMID: 33052188; 
PMCID: PMC 7543712.

63 Chowdhury H, Chowdhury T, Sait SM. Estimating 
marine plastic pollution from COVID-19 face masks 
in coastal regions. Mar Pollut Bull. 2021;168:112419. 
doi:10.1016/j.marpolbul.2021.112419. PMID: 33930644; 
PMCID: PMC 8064874.


