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Abstract
The present study focuses on the indiscriminate disposal of personal protective equipment (PPEs) and resulting environmental 
contamination during the 3rd wave of COVID-19-driven global pandemic in the Chittagong metropolitan area, Bangladesh. 
Because of the very high rate of infection by the delta variant of this virus, the use of PPEs by the public is increased signifi-
cantly to protect the ingestion/inhalation of respiratory droplets in the air. However, it is a matter of solicitude that general 
people throw away the PPEs to the dwelling environment unconsciously. With the increase of inappropriate disposal of 
PPEs (i.e., mostly the disposable face masks made from plastic microfibers), the possibility of transmission of the virus to 
the general public cannot be neglected completely. This is because this virus can survive for several days on the inanimate 
matter like plastics and fibers. At the same time, the result of environmental contamination by microplastic/microfiber has 
been widespread which eventually creates the worst impact on ecosystems and organisms. The present results may help to 
increase public perception of the use and subsequent disposal of PPEs, especially the face masks.
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Introduction

Chittagong is the commercial capital city of Bangladesh. 
The current population of the Chittagong metropolitan area 
(CMA) is about 5,133,000 (CMA population 2021). It is 
now one of the densely populated cities in Bangladesh. 

The pollution of the dwelling environment is increasing 
cumulatively following the population growth as well as 
from the operation of production and extractive industries 
within the city area. In addition, the COVID-19 pandemic 
is adding extra pollution to the dwelling and aquatic envi-
ronment. The world health organization (WHO) states that 
COVID-19 is highly contagious and shows transmission via 
human contact including from asymptomatic individuals and 
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through aerosols and airborne droplets (Prather et al. 2020). 
Therefore, WHO suggested using face masks as the primary 
media as personal protective equipment (PPE). The use of 
face masks may work in both ways, reducing the release 
and ingestion/inhalation of particles, hence protecting the 
wearer (Prather et al. 2020). The first COVID-19 case was 
identified in CMA after the testing of 55 samples at the 
Tropical and Infectious Disease Institute in Bangladesh on 
3rd April 2020. The present COVID-19 cases in CMA are 
67,894 (from 4th April to 31st July 2021), and the death rate 
is significantly increased in the 3rd wave. As a result, the 
demand and use of PPEs undoubtedly increased through-
out the city area. PPEs are classified as face masks, gloves, 
hand sanitizer, and other important safety equipment which 
is used to protect the transmission of the SARS-CoV-2 virus. 
Among the PPEs, especially face masks are usually made by 
one-time-use plastics (Patel et al. 2017) such as high-den-
sity polyethylene (HDPE), polypropylene (PP), polystyrene, 
polycarbonate, and polynitrile (Chua et al. 2020; Fadare and 
Okoffo 2020). The three-layered face mask was designed 
and constructed as follows: inner layer works as absorbent 
made by cotton, the middle layer is a non-woven and non-
absorbent material such as polypropylene, and another layer 
is of non-absorbent material such as polyester blend or poly-
ester. The PPEs are non-degradable and remain a long time 
in the environment. Moreover, these PPEs are moved from 
one place to other via streams, wind, rivers, and waters, and 
under various environmental conditions; these break down 
into microplastic/microfiber and contaminate the dwelling 
environment (Liubartseva et al. 2016; Andrady 2017). The 
extensive uses of PPEs are generating tones of microplastic/
microfiber wastes in the environment. As a result, pollution 

of the terrestrial and aquatic environment is increasing 
significantly day by day. Due to the non-biodegradability 
of plastic, the PPE residues will likely remain as common 
debris in the terrestrial and aquatic environment for decades, 
which potentially affects the biota and biological systems 
(Fig. 1). Consequently, it poses a threat to aquatic lives, 
which is a major constituent of the food web and, hence, 
poses a non-negligible concern on food safety worldwide 
(Fadare et al. 2020).

The PPE’s debris can easily adsorb organic and inor-
ganic nutrients from the environment, which then provide a 
suitable habitat for pathogenic bacteria and viruses, hence 
enhancing their diffusivity (Frère et al. 2018). A prelimi-
nary study on everyday surfaces in households or hospital 
settings shows that the SARS-CoV-2 virus in plastic items 
or surfaces can be survived for several hours after direct 
contamination (Doremalen et al. 2020). As a result, the idea 
of using single-use plastics to reduce SARS-CoV-2 trans-
mission may pose an extra threat to public health, following 
the indiscriminate disposal of PPE. Although the primary 
route of SARS-CoV-2 transmission occurs via human con-
tact or respiratory droplets, nevertheless, the contact with 
surfaces (fomites) can be a secondary or extra route of 
exposure to the virus (Perlman 2020; Zeri and Naroo 2020). 
In this way, it has become an occupational risk for opera-
tors involved in waste management and garbage collectors 
as well. Although there is no relevant proper evidence for 
SARS-CoV-2 (WHO, 2020), there has been a report on the 
risk factor due to the handling of contaminated waste from 
MERS-CoV patients (Arwady et al. 2016). SARS-CoV-2 
can survive on objects for a long time, potentially remaining 
infectious through numerous surfaces, including trash cans 

Fig. 1   Impact of microplastic 
pollution on aquatic lives, 
environmental degradation, and 
health disorder
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and face masks even after disposal for up to 7 to 30 days 
(Young 2020). Contamination could result from the con-
tact of soiled hands or the spread of aerosol particles (Dietz 
et al., 2020; Nghiem et al. 2020). Therefore, proper strate-
gies on the handling and disposal of PPEs waste should be 
taken into account to avoid the extra route of transmission 
of the SARS-CoV-2 (WHO 2020). It has been observed that 
necessary financial support for proper protective strategies 
(e.g., viable PPE waste management practices and proce-
dures) during the COVID-19 pandemic is absent in many 
low- and middle-income countries. Considering the potential 
infectious threat from PPE residues, some countries have 
already provided recommendations for regulating national 
waste management. In developed countries, the primary 
method of the disposal of infectious medical waste is incin-
eration under high temperatures, followed by landfilling 
residual ash (Windfeld and Brooks 2015). For example, the 
Portuguese Environmental Agency (2020) also recommends 
a similar procedure, i.e., to dispose of all potentially con-
taminated domestic residues including PPEs as mixed wastes 
in sealed and leak-proof garbage bags, and then treated by 
incineration, or by daily landfilling. This disposal method 
may act as a viable technique to avoid the public health risk 
from infectious wastes despite the drawbacks of incineration 
which requires strict protocol about gas emissions (Prata 
et al. 2019). Despite the COVID-19 pandemic, most of the 
developing countries including the Philippines, Cambodia, 
India, Thailand, Vietnam, Indonesia, and Bangladesh are 
still engaged in the traditional system of solid waste manage-
ment, i.e., dumping the solid waste as open landfills without 
any pre-treatment through the treatment plant (World Bank 
2019; Ferronato and Torretta 2019). Since the mismanaged 
PPEs can act as a potential vector to enhance the global plas-
tic contamination and transmission of SARS-CoV-2, there-
fore, it is important to reinforce proper disposal of used PPE 
in sealed garbage bags followed by incineration under high 
temperatures. The emergence of face masks has evidenced 
that the COVID-19 pandemic increased the challenge of 
plastic pollution in the terrestrial and aquatic environment 
(Reid et al. 2019; Shen et al. 2019).

Bangladesh’s government has made mandatory the use 
of face masks in public places and initiated “no mask, no 
service” (The Prothom Alo, 2nd November 2020). Fol-
lowing the government declaration, wearing face masks 
has become a widespread practice in Bangladesh to abate 
COVID-19 transmission. However, a significant amount of 
PPEs, especially contaminated face masks, are in the process 
of becoming infectious waste. Following the improper han-
dling or unsafe disposal of the healthcare waste owing to the 
COVID-19 pandemic, both the human health and dwelling 
environment are experiencing an immediate and significant 
threat (Singh et al. 2020; Nzediegwu and Chang 2020). This 
has been revealed by a few recent studies. As an example, 

Kampf et al. (2020) reported that SARS-CoV-2 can remain 
active on inanimate hard surfaces for up to 9 days. Fahmida 
et al. (2021) detected microplastics (MPs) composed of 
EVA, HDPE, PE, and PP polymers in the gastrointestinal 
tract of different freshwater fish species in Bangladesh (Jag-
rata Juba Shangha 2021). Hossain et al. (2019) detected the 
MPs in the intestines of marine fishes from the Northern Bay 
of Bengal (Fahmida et al. 2021). The studied fish species 
are commonly found in the local market in Bangladesh, and 
people consume them as their daily diet to meet the protein 
demand. These studies indicate that microplastic pollution 
to the terrestrial and aquatic environment has increased rap-
idly in recent times. This also indicates that the mismanaged 
PPEs and solid wastes may become the root cause of severe 
diseases and environmental problems (Nzediegwu and 
Chang 2020). In these circumstances, the present study has 
been carried out to (i) identify PPE debris abundance and 
densities in different contexts in the Chittagong metropolitan 
area, (ii) quantify the PPE debris and types in the study area, 
(iii) calculate the COVID-19-driven medical waste genera-
tion in CMA, and (iv) assessing the concomitant health risk 
and environmental pollution in the study area. As far as our 
concern, this study forms the first comprehensive efforts for 
the aforementioned activities in the Chittagong metropo-
lis. This research may help the respective authority for the 
proper management of PPE waste during this pandemic.

Materials and methods

Study area and PPE monitoring

By considering a range of human activity, the monitoring 
was conducted on four consecutive weeks in July 2021 at 
twenty-one (21) locations such as residential areas, com-
mercial areas, bus stations, marine bay area, city junction/
crowded area, port area, and hospital areas in CMA (Fig. 2). 
Locations were selected with particular reason to observe 
the actual variation of PPE’s waste distribution. The survey 
took place during the 3rd wave of COVID-19 (1st July to 
31st July 2021) when the rate of infection was gradually 
increased to a peak point. The sampling campaign was per-
formed by walking along streets/convenient pathways/busy 
areas in CMA, visual observation of the surroundings, and 
identification of the PPE items followed by photographed 
and recorded (Fig. 3). Dumpsites in the metropolitan area 
were also surveyed. The same sampling point was surveyed 
several times every after 4 days to avoid sampling bias. A 
self-designed stick (metal) equipped with a hand-held claw 
was used to collect the PPE debris to prevent exposure from 
direct contact. Following the easy visibility, various types 
of debris from drains, canal sides, Karnafully river sites, 
etc. were collected/recorded. A spray-type hand sanitizer 
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was frequently used throughout the sample collection cam-
paign. A mobile application was used to document the 
identified PPE debris from various environments and loca-
tions. It also records the GPS coordinates and collection 
dates, debris items, and types (i.e., face masks, gloves, etc.). 
Google Earth Pro was used to measure the distances among 
the surveyed places. The non-PPE debris was skipped from 
this study. The recorded face masks were categorized into 
various types: dust masks, surgical masks, reusable masks, 
and medical masks (i.e., KN95 and N95). The collected dis-
posable gloves were classified based on their material types, 
color, and texture: vinyl (translucent), nitrile (black or blue), 
polyethylene, and latex (white). No information could be 
obtained about what types of disinfectant wipes were ini-
tially used before becoming debris. The color of face masks 
in the Chaktaikhal changed due to the tidal and wastewater 
color. On the other hand, for the estimation of face masks 
and medical wastes, necessary data were collected from the 
Civil Surgeon Office of Chittagong (https://​www.​faceb​ook.​
com/​pages/​Civil-​Surge​on-​Office-​Chitt​agong/​17524​88248​
331436).

Data analysis and visualization

The collected data were arranged systematically. Table 1 
shows the sampling area of each site and the correspond-
ing GPS coordinates. To obtain the information on PPE 
waste abundance, all sampling sites were randomly moni-
tored (Fig. 2) for four consecutive weeks. The abundance 

was calculated by using the recorded data on every survey 
day at each location and then determined the total amount 
of PPE debris. The collected PPE items or debris density 
was calculated using Eq. (1) (Okuku et al. 2020; Mol and 
Caldas 2020):

where C represents the PPE density in the unit of (item/
m2), n is the number of recorded or counted PPE, and a is 
the area where PPE items were detected.

Quantification of facemask wastes generated 
in CMA in July 2021

Estimation of disposable facemask waste by the general 
population in CMA

The estimation of daily facemask disposal depends on 
several factors: the total population in a certain area, the 
percentage of the urban population residing in that area, 
facemask acceptance rate, and mean daily disposal of face 
mask per capita. The total amount of facemask wastes gen-
erated during the 3rd wave of COVID-19 pandemic in July 
2021 was determined using Eq. (2) (Boroujeni et al. 2021; 
Mol and Caldas 2020; Haque et al. 2020):

(1)C = n∕a

(2)TWF = FMD ×WF

Fig. 2   Sampling area
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Fig. 3   PPE abundance and sampling in different surveyed locations
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where TWF = total waste generated from facemask dis-
posal (t), FMD = total face mask disposed of (pieces), and 
WF = average weight of a face mask.

The amount of waste generated from the daily disposal 
of face masks is estimated using the Eq. (3) (Gasperi et al. 
2018; Nzediegwu and Chang, 2020; Sangkham, 2020):

where FMD represents the total number of disposed face 
masks (pieces), P represents a total number of population, 
UP denotes the percentage of urban population (100%), 
FMAR is the facemasks acceptance rate—80%, and FMGP 
is used based on an assumption that one face mask is used 
by one person (per capita/day). It has been considered that 
1 person per 10,000 throws a face mask into the dwelling 
environment after use of it. Note that the term “10,000” in 
Eq. (3) can only be used if one wants to calculate the total 
number of face masks thrown away in the environment by 
the user unconsciously.

(3)FMD = P × Up × FMAR × (FMGP∕10, 000)

Estimation of medical wastes in CMA during COVID‑19 
in July 2021

The amount of generated medical waste depends on the 
number of people infected and the average waste produced 
per bed (Sangkham 2020; Mol and Caldas 2020). Earlier 
studies reported the rate of generated medical waste in Bang-
ladesh is 3.40 kg/bed/day (Mol and Caldas 2020; Haque 
et al. 2020), and this data is adopted for analysis of medical 
waste in Eq. (4):

where MWT = total medical waste (t), MWGR​ = medi-
cal waste generation rate during COVID-19, Dn = number 
of days taken into account, NCC = total number of active 
COVID-19 cases which can be estimated by:

Ic = infected cases, Dc = death cases, Rc = recovered 
cases.

(4)MWT = NCC ×MWGR × Dn

(5)NCC = Ic − Dc − Rc

Table 1   Summary of 
the surveyed locations 
and corresponding PPE 
abundance. Note that, during 
the sampling campaign 
period, the government of 
Bangladesh imposed a 2-weeks 
countrywide lockdown, 
and within that period, the 
prevalence of PPE wastes was 
observed to be low compared to 
the normal time

Surveyed locations 
and sampling code

Surveyed area (m2) PPE density (items/m2) Geographical location

Longitude Latitude

SA-1 710,500 3.6 × 10−4 22°24′08.4″N 91°50′14.0″E
SA-2 54,054 4.6 × 10−3 22°20′11.9″N 91°49′49.2″E
SA-3 58,823 4.8 × 10−3 22°19′32.9″N 91°48′47.3″E
SA-4 50,000 3.7 × 10−3 22°25′40.2″N 91°52′15.5″E
SA-5 66,743 2.2 × 10−3 22°18′29.1″N 91°47′49.9″E
SA-6 76,923 2.4 × 10−3 22°19′52.1″N 91°50′29.6″E
SA-7 62,500 2.6 × 10−3 22°21′21.9″N 91°48′27.3″E
SA-8 909,091 2.9 × 10−4 22°22′10.1″N 91°50′31.0″E
SA-9 81,289 1.9 × 10−3 22°21′34.7″N 91°49′10.8″E
SA-10 142,856 1.3 × 10−3 22°21′04.9″N 91°50′02.2″E
SA-11 250,000 2.6 × 10−3 22°22′07.4″N 91°50′37.7″E
SA-12 50,000 6.8 × 10−3 22°19′56.0″N 91°51′06.0″E
SA-13 125,000 1.5 × 10−3 22°19′22.9″N 91°51′32.9″E
SA-14 333,333 7.5 × 10−4 22°19′24.8″N 91°49′35.0″E
SA-15 270,000 1.6 × 10−3 22°20′06.6″N 91°50′50.8″E
SA-16 254,000 1.1 × 10−3 22°21′00.7″N 91°52′03.6″E
SA-17 54,000 4.3 × 10−3 22°22′30.6″N 91°48′46.7″E
SA-18 65,000 4.3 × 10−3 22°15′51.4″N 91°47′26.6″E
SA-19 51,000 2.4 × 10−3 22°21′35.0″N 91°49′22.5″E
SA-20 45,000 2.9 × 10−3 22°19′42.1″N 91°49′25.7″E
SA-21 85,000 1.1 × 10−3 22°14′06.6″N 91°47′29.8″E
Total 3,795,112 5.3 × 10−2 22°24′08.4″N 91°50′14.0″E
Mean ± SD 2.8 × 10−3 ± 1.7 × 10−3
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Estimation of medical wastes only from hospitalized 
COVID‑19 patients in July 2021

The total medical wastes were estimated only based on 
the hospitalized COVID-19 patients in CMA in July 2021. 
Equation (6) is used to calculate the total medical waste gen-
erated from hospitalized patients.

where MW(HP) = total medical waste (t) from hospital-
ized patients, TAHCP = total active hospitalized COVID-19 
patients, MWGR​ = 3.40 kg/bed/day during COVID-19, and 
Dn = number of days taken into account (July = 31 days).

Results and discussion

The present study is carried out by focusing on the total 
PPEs wastes generated in July 2021, and their impacts on the 
dwelling environment and ecosystem. Since the coronavirus 

(6)MW (HP) = TAHCP ×MWGR × Dn

is transmitted via human-to-human contact, the use of PPEs 
becomes mandatory to protect the general population, health 
staff, patients, and other service workers in this global pan-
demic. The rate of PPEs wastes has increased undoubtedly in 
the CMA during the 3rd wave of COVID-19 (see in Fig. 4). 
In this study, a cumulative area of 3,795,112 m2 was sur-
veyed throughout the metropolis (Table 1). The face mask 
comprised the majority of the portion in the total PPEs, and 
the others were 2% hand gloves, 0.01% eyeglass, 0.01% face 
shields, and eye-protective glass. The highest rate of PPEs 
was observed during the Eid Ul Adha festival. The mean 
PPE density was calculated to be 2.8 × 10−3 PPE m−2 with 
a standard deviation of 1.7 × 10−3. All PPEs are non-degra-
dable microplastic products; therefore, they may remain in 
the atmosphere for a long time, hence considered the biggest 
environmental problem at this time.

Table 2 represents the total facemask wastes from the 
general population in CMA. The calculated total facemask 
waste generated by the population of CMA in July 2021 
is 3818.95 ton. Since the SARS-CoV-2 virus survives up 
to 3 days on plastics, therefore, this provides an alarming 
indication for the unaffected population as well as the envi-
ronment and ecosystem. We know that most people (except 
health professionals) are unaware of the bad impacts of 
throwing face masks in the environment. It is observed that 
most of the low-income people move to the city for their 
daily livelihood, and the majority of them throw the face 
mask in the environment after the single use. In addition, 
there exists a lack of strict adherence to the proper manage-
ment of daily facemask wastes in the environment of the 
metropolitan area. Same facemask wastes were observed 
in the same places during our next day of surveying. The 

97.98%

2%
0.01% 0.01%

Face masks
Hand gloves
Face shields
Eye glass

Fig. 4   Information on the PPE types in the surveyed area

Table 2   Total facemask wastes generated by the general population in Chittagong metropolitan area

Population source: https://​www.​macro​trends.​net/​cities/​20115/​chitt​agong/​popul​ation

City Population Urban popula-
tion (%)

Facemask 
acceptance rate 
(%)

Total facemask 
disposal per 
day

Average weight 
of a facemask 
(g)

Waste gener-
ated (t/day)

Number of 
days taken into 
account

Total waste 
generated (t)

Chittagong 5,133,000 100 80 4,106,400 30 123.192 31 3818.95

Table 3   Total medical waste in 
CMA during the 3rd wave of 
COVID-19 in July 2021

Sample type Ic Dc Rc NCC MWGR​ Dn MWT (t)

Medical wastes 15,825 106 1445 14,274 3.4 31 1504.48

Table 4   Total medical wastes only from hospitalized COVID-19 
patients during July 2021

Sample type TAHCP MWGR​ Dn MW(HP) (t)

Medical wastes 831 3.4 31 87.59
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continuous rainfall in July 2021 has carried these facemasks 
wastes into the city drains and finally deposited them in the 
Karnafully river, no doubt. Table 3 shows the estimated total 
medical wastes by general and active patients in CMA dur-
ing July 2021.

Table 4 showed the total medical wastes of 87.59 t only 
from hospitalized COVID-19 patients in the CMA during 
July 2021. In this COVID-19 3rd wave, the amount of medi-
cal wastes has become the major problematic and sensitive 
issue in the CMA. Medical wastes are not separated in the 
source points based on their classification, and simply dump-
ing them in the dustbin located in the hospital area. Even 
many clinics and laboratories keep their wastes in the nearby 
dustbins or temporary garbage dumping places on the road. 
These wastes are spread in the surrounding environment and 
drained by the rainfall and wind, and finally deposited in 
the Karnafully River and contaminating the aquatic envi-
ronment. Various hazardous gases can also release from 
these medical wastes especially from clinical wastes such as 
syringes, surgical face masks, and medicine bottles. That’s 
why general people, as well as the waste collector, may 
be affected by respiratory diseases. This is because of not 
strictly following the “medical waste management Act 2008” 
policy (Nielsen et al. 2020). Recent research conducted by 
Bracon “effective management of medical waste during 
COVID-19” stated that only 6.6% of medical wastes were 
managed properly and the rest of the 93.4% wastes were not 
under the control of proper management (MOEF 2008). An 
article “COVID-19 medical waste: Bangladesh perspective” 
published in the “The Lancet Global Health” reported that 
during the 1st stage of COVID-19 the medical wastes per 
bed (hospital) was in the range of 1.63–1.99 kg in the capital 
city of Bangladesh (Rahman 2013). However, in this third 
stage of the COVID-19 pandemic, it has increased to 3.40 kg 
in Bangladesh (Haque et al. 2020). This is because the use 
of one-time microplastic equipment related to COVID-19 
treatments has increased tremendously.

Environmental impact of PPE wastes

The increasing production and subsequent uses of PPEs 
have added vast plastic and plastic wastes to the environ-
ment and aquatic ecosystem. The presence of these wastes is 
responsible for aquatic and environmental pollution during 
the COVID-19 pandemic. This is because municipal solid 
wastes have increased due to the COVID-19 pandemic in 
the CMA. Moreover, the COVID-19 pandemic has caused 
landfills pollution where hazardous PPE wastes are dumped 
without any pre-treatment or proper management. Besides 
this, it has been observed that, during our part of surveying 
in the Eid-Ul-Adha festival time, significant amounts of face 
masks and hand gloves were indiscriminately thrown at the 
animal markets in CMA. Once PPEs are released into the 

environment, they may react with air particles and become 
a source of hazardous exposure.

However, limited resources for proper PPE waste man-
agement in CMA are creating both environmental and public 
health problems (Lettieri 2020). The production process of 
disposable PPEs releases greenhouse gases into the environ-
ment. The prevalence of such gases may react with munici-
pal wastes and generate microplastics which are then depos-
ited in the dwelling environment (Shruti et al. 2020). Since 
soil is the best absorber, the longtime deposition of these 
microplastics can decrease soil fertility, as well as hamper 
plants and others species’ growth properly. As a result of 
anaerobic environments, plastics part of PPEs degrade to 
form microplastics via various physical and chemical activi-
ties (Shruti et al. 2020). Moreover, various microbial activi-
ties may accelerate the rate of transformation of PPEs to 
MPs compared to soil in open dumps areas (Shruti et al. 
2020; Silva et al. 2021). Degradation of nonwoven materials 
generates synthetic micro- and nano-fibers during exposure 
to environmental conditions (Arkatkar et al. 2009). In addi-
tion, during the use of nonwoven mask fibers may release 
due to sunlight exposure, and hence potentially inhaled 
(Muenmee et al. 2015). Weathering of plastics mainly occurs 
by solar UV oxidation, low rate of biodegradation, and 
hydrolysis delamination which accumulate in the environ-
ment (Aragaw 2020). If microplastics enter the human body, 
they may cause oxidative stress which can increase mor-
tality, negatively affect the reproductive organ and growth 
(Li et al. 2021). Maximum slum dwellers in the CMA use 
water from ponds, canals, and rivers where a higher amount 
of PPE wastes was observed during this survey. As water 
becomes trapped in plastic, the microplastics cause flooding 
and provide a suitable habitat for breeding for mosquitoes 
and other water-borne diseases. As a result, people are suf-
fering from various diseases like Dengue recently.

Microplastic pollution in the aquatic ecosystem

The extensive uses of PPE generate tones of microplastic 
(MP) wastes and contaminate the environment continu-
ously. Due to the lack of proper waste management, the 
PPEs wastes are found in every place of the metropolitan 
area such as roads, parks, and drains. All MP wastes are 
ultimately channeled into the Karnafully River via the open 
drainage system in CMA. Recent continuous heavy rain-
fall played a vital role in this regard. As a result, aquatic 
pollution is increasing significantly day by day in the 
Karnafully River. When MPs (i.e., PPEs) are mixed with 
the aquatic ecosystem, they have observed different fates, 
and finally sink based on their density and other physi-
cal characteristics (Fig. 5). The MPs having high density 
(greater than 1.03 g cm−3) usually sink and reach the bot-
tom sediments. On the other hand, MPs of low density 
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(< 1.03 g cm−3) float in the water. The chemical compo-
sitions of PPEs react with the sediments and water, and 
finally produce hazardous gases and components in the 
aquatic ecosystem, which then pollute the waterbody and 
sediment, undoubtedly. Moreover, these wastes degrade 
over time, releasing smaller MPs, hence posing a signifi-
cant risk to aquatic ecosystems. In this way, COVID-19 is 
responsible not only for human health risks but also for 
environmental and aquatic pollution. It has been estimated 
that, globally, more than 65 billion disposable gloves and 
129 billion single-use masks are used every month, and 
most of them end up in the rivers and oceans. The present 
survey showed that the majority of the PPE wastes were 
face masks. Therefore, the increased use and subsequent 
disposal of PPEs, slow biotic decomposition followed by 
their accumulation in the environment leads to adverse 
effects in the aquatic environment. According to MP char-
acterization, microplastics entering the aquatic environ-
ment may remain for tens of years, and then be fragmented 
via the various mechanical and photochemical processes 
resulting in the formation of smaller size microplastics or 
nano plastics (< 1 μm) (Jeong and Choi 2019). The pres-
ence of such a small size of MPs in the aquatic environ-
ment is uptake via a wide range of aquatic species, thus 
undergoing disturbance to their physiological functions 
through the food web and ultimately creating an adverse 
effect on human health (Espinosa et al. 2016). Moreover, 
floatable and sinkable MPs in the aquatic environment act 
as a carrier for the transfer of pollutants (Thushari and 
Senevirathna 2020) to the aquatic organisms (Rodrigues 

et al. 2019; Cozar et al. 2014), which potentially cause vari-
ous detrimental and cytotoxic effects. Since the inhabitants 
of Chittagong city and other nearby areas are the ultimate 
consumers of Karnafully River fish where a high rate of 
MPs contamination is suspected, therefore, the probability 
of transfer of a significant amount of MPs to human health 
can’t be overlooked (Yang et al. 2020; Frias and Nash 
2019). In fact, the unplanned waste disposals may endanger 
the ecology of the riverine habitats of the Karnafully River.

Public health impacts

In Bangladesh, two types of healthcare wastes are produced—
hazardous and non-hazardous. Hazardous waste, including 
pathological, viral, sharps, and chemical wastes, are usually 
produced in hospital wards, operation rooms, labs, etc. Non-
hazardous medical waste is typically common waste that has 
no specific handling protocol or environmental issues. The 
COVID-19 pandemic has also impacted waste treatment and 
disposal facilities. Before the pandemic, many industries had 
begun recycling activities to show their commitment in pro-
tecting the earth. Following the multifaceted economic catas-
trophe (Hafez et al., 2021; Sharun et al., 2021) created by the 
pandemic, policymakers and industry personnel have been 
reluctant to live up with their commitments. Most of these 
wastes were generated from ICU units, patients’ ward areas, 
out-patient departments, caring homes, kitchens, etc.

Additionally, a rapid increase of toxic waste and plastic-
based products disrupted the normal recycling capability as 
well as other waste management methods, and also, there 

Fig. 5   Water and sediments 
pollution due to the face mask 
in the aquatic ecosystem
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was fear of coronavirus infection, which initially forced them 
to stop recycling activities. Furthermore, a shortage of man-
power, high overhead, and the threat of COVID-19 infection 
has forced the industry to stop its recycling activities, which, 
in turn, increased the waste volume (The Daily Star 2020).

Due to the lack of proper disposal facilities, the health-
care waste could put the health of waste collectors at higher 
risk. Improper collection of PPE wastes would likely 
threaten the health of the general population. Exposure to 
PPE pollutants from COVID-19 can occur via both direct 
and indirect pathways. Potentially hazardous heavy metals 
Cd and Pb as well as organic chemicals and additives such 
as surfactants, plastic oligomers, and dye-like molecules 
leachates from the commercially available low-quality face 
masks produced by illegal/unauthorized companies in the 
CMA. It is totally a non-avoidable issue to investigate the 
long-term health risks posed by face masks. This exposure 
occurs through three pathways such as inhalation, dermal 
contact, and ingestion. The primary route of biological 
entry of MPs to the human body is inhalation (Barboza 
et al. 2018), and it has been reported that a person inhales 
between 26 and 130 MPs/day (Rahman et al. 2021). Such 
airborne MPs are sourced from synthetic fibers shed from 
textiles and clothing and abraded plastic materials (Rahman 
et al. 2021). There have been several possible health threats 
for healthcare staff, informal waste collectors, and the citi-
zens that live close to the temporary waste disposal areas 
due to the lack of proper disposal systems in the hospital. 
Sanitation workers face a greater risk of infection, injury, 
and death than average workers, and they rarely have access 
to health services.

Infectious MP wastes contain pathogens such as viruses, 
bacteria, fungi, or parasites that can cause disease in lia-
ble hosts. The ubiquitous of smaller size (< 5 mm) of PPE 
debris is reported in air, soil, water, living organisms, pro-
cessed food, and even in drinking water (Cowger et al. 2020; 
Prata 2018; Mohammad et al. 2019; Amato-Lourenço et al. 
2020). The ingestion of MPs has impacts on blood, bod-
ily fluids, organs, tissues, and so on (Rahman et al. 2020; 
Thompson 2015). Prata et al. (2019) reported that the MPs 
in the lungs can cause lung inflammation leading to cyto-
toxic effects in the respiratory system (Dris et al. 2016). In 
addition, COVID-19-generated infectious wastes or PPEs 
have posed a worldwide concern to human and environmen-
tal health (WHO 2017). That’s why the mismanaged PPE 
wastes may increase the spread of coronavirus (Saadat et al. 
2020). Another concerning issue is that some unauthorized 
companies produce low-quality PPEs which create various 
respiratory diseases due to the use of potentially hazardous 
materials and chemicals in the production of PPEs.

Summary and recommendations 
to minimize the PPE’s pollution

Globally, the production and use of PPEs see a rapid increase 
following the COVID-19 pandemic; therefore, the manage-
ment of PPE wastes should be done properly. As micro-
plastics are derived from PPEs, there is a high possibility 
of human exposure to PPE-derived pollutants via various 
pathways. The following steps may be applied to minimize 
the PPE’s pollution in this COVID-19 pandemic.

•	 Reusable PPEs can be used as a safe and eco-friendly 
alternative to protect from SARS-CoV-2 transmission. 
Reusable PPEs can be made using synthetic materials, 
which can reduce MP contamination to the dwelling 
environment. The greater use of reusable face masks is 
reported to reduce the PPEs waste by 85%, makes 3.5 
times lower impact on climate change, also offers 3.7 
times cheaper than the single-use PPE. Therefore, reus-
able PPEs are not only helpful for a greener environment 
but also a public health issue. To facilitate proper disposal 
of PPE’s by the public, the municipality authority should 
deploy enough waste bins in various public places, also 
ensure the collection of PPE wastes frequently.

•	 The general public should be inspired/educated via press 
and electronic media to reduce the use of one-time PPEs 
(i.e., gloves) and wash hands frequently instead.

•	 Ensuring enough supply of high-quality reusable face 
masks that can be frequently disinfected.

•	 Ensuring greater media coverage on the negative impact 
of indiscriminate disposal of PPEs and educating better 
practices through promotional videos and educational 
campaigns.

•	 The recycling of PPE wastes offers a greater benefit to 
society; therefore, such an initiative should be taken to 
reduce the pollution of dwelling and aquatic environment.

Limitation of the study

This study provides a rapid estimation of the PPE wastes 
associated with the 3rd wave of COVID-19 pandemic in 
Chittagong city, Bangladesh. The accuracy of the estimated 
data largely depends on various factors including the survey 
parameters, PPE abundance, and waste generation rates (kg/
bed/day). It should be mentioned that there was a 2-week 
lockdown during the sampling campaign month; conse-
quently, the observed PPE wastes must be lower than the 
normal time.
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Conclusion and future outlook

This study analyzed the PPE wastes generated during the 
3rd wave of COVID-19 in the Chittagong metropolitan 
area, Bangladesh. It has also addressed the impact of PPE 
wastes contamination on the terrestrial and aquatic eco-
system. The widespread use of PPE is the major source of 
microplastics in our environment. Organic pollutants and 
other micropollutants from PPE wastes may pose a poten-
tial risk to the environment and public health. Based on 
the evaluated data, the COVID-19 pandemic is responsible 
for contaminating the environment through the disposal of 
PPE wastes. This study revealed that PPE wastes increased 
with the increase of infected patients.

However, little information is available on the phase 
partitioning of PPE wastes derived from microplastics 
and associated contaminants among aquatic components 
such as various sizes, fractions of sediments, plants, and 
other organisms such as fish. The degradation and fate of 
MPs along the transfer pathway from the source into the 
human food chain are yet to be investigated, and finally, 
the sinking of microplastics in sediments due to physical 
or biological phenomena requires detailed future study. 
A detailed study should be conducted by addressing the 
ecotoxicology of microplastics and how they interact with 
other pollutants in aquatic environments.
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