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• A single PCR test for COVID-19 gener-
ates 37 g of plastic residues.

• Worldwide 15,000 tons of plastics have
generated the PCRs of COVID-19.

• 97% of plastic residues from coronavirus
diagnostic tests are incinerated.

• Emission controls must improved and
biodegradable inputs must be
implemented.
⁎ Corresponding author.
E-mail address: winfredespejo@udec.cl (W. Espejo).

https://doi.org/10.1016/j.scitotenv.2020.144167
0048-9697/© 2020 Elsevier B.V. All rights reserved.
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 15 September 2020
Received in revised form 26 November 2020
Accepted 26 November 2020
Available online 10 December 2020

Editor: Damia Barcelo

Keywords:
COVID-19
SARS-CoV-2
Plastic
Environment impacts
Human health
Air pollution
In March 2020, several international organizations started making recommendations regarding the need for
prompt coronavirus-based diagnosis in order to prevent its spread among the world's population. The most
widely used test for confirmation of COVID-19 is real-time PCR (RT-PCR). This technique uses plastic supplies
in its procedures, which are 100% disposable to avoid cross-contamination and biological risks. The scientific
community has become increasingly worried because of the environmental impacts associated with the current
COVID-19 pandemic, such asmedical plastic residues.We classified and estimated the amount of plastic residues
generated as a consequence of COVID-19 diagnostic tests and analyzed the relationships of the plastics generated
with number of confirmed cases, population size, and gross domestic product in each country.We evidenced that
the RT-PCR generates 37.27 g of plastic residues per sample. All patients COVID-19 testedwith RT-PCR have gen-
erated 15,439.59 tons of plastic residue worldwide, until August 2020. The plastic residues generated by the
COVID-19 tests have no relation with size population or gross domestic product of the countries. There is also
no relationship between the plastic residues generated by the COVID-19 tests and the confirmed cases. About
97% of the plastic residues from diagnostic tests for coronavirus are incinerated due to their hazardous nature
to humans, but toxic chemicals are released into the environment during the process. In the short term, there
is a need to reduce plastic waste and improve controls of gas emissions from incineration plants in countries
where there is a deficit. In the long term, biodegradable biomedical manufacturing that are free of releasing
toxic chemicals when they are incinerated, must be considered.
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1. Introduction

SARS-CoV-2 is the virus that causes coronavirus disease by COVID-
19, which has been transmitted and spread in a short period of time
since its first report in China, becoming a global pandemic (Jin et al.,
2020). In March of 2020, theWorld Health Organization and the Global
Emergency Committee called for early and fast detection in order to pre-
vent the spread of the virus (Sohrabi et al., 2020).

Whether a person is infected with SARS-CoV-2 or not is an issue
that a medical procedure can reveal by the genome (or parts of the
genome) of these viruses, through the antigen (virus coat), or
through the antibodies produced by the immune system to deal
with the infection (Beeching et al., 2020). Although gene detection
is the most complex technique, it is an accurate test because
the genes of the virus are totally identified. Therefore, this procedure
is currently used to confirm positive and negative SARS-CoV-2 cases.
For genetic identification, a swab is needed to get a sample from
the nose, mouth and/or lungs, which is placed into a plastic tube
containing chemicals preservatives. Afterwards, the sample is
extracted and analyzed by means of a Polymerase Chain Reaction
(PCR). This technique uses various supplies, most of which are
single-use plastics (Tang et al., 2020). In contrast, virus detection
by antibodies can detect active infections, but more importantly, it
can tell whether a person has been infected in the past, since anti-
bodies can be conserved for a long time after infection. The commer-
cial rapid diagnostic test for SARS-CoV-2 provides qualitative
detection of IgG and/or IgM from human serum, whole blood or
plasma in approximately 10–15 min; these kits are also mostly
made of plastics. The SARS Coronavirus Envelope Protein technique,
which is immune reactive with serum from SARS-infected individ-
uals, is the least used due to the fact that antigens can be produced
by other viruses, and thus give too many false positive results
(Scohy et al., 2020).

The use of plastic is widespread globally, andmedical supplies are
not an exception (McKeen, 2014). Plastics have become persistent
pollutants across-the-board, generating serious effects on the envi-
ronment and menacing wildlife (Vegter et al., 2014; Wilcox et al.,
2015; Worm et al., 2017). These microplastics are also being con-
sumed by humans which could result in adverse side effects
(Campanale et al., 2020; Cox et al., 2019; Prata et al., 2020a). Count-
less international initiatives have been enforced to raise awareness
of the effects of plastics, and encourage the use of alternative biode-
gradable materials (Hermabessiere et al., 2017; Lambert and
Wagner, 2017; Li et al., 2016; Rujnić-Sokele and Pilipović, 2017).
The majority of health facilities use incineration as a way to inacti-
vate pathogens (such as the virus that causes COVID-19) in biohaz-
ardous residues (Ghodrat et al., 2017). Among these wastes are
plastics, which when burned release persistent chemical pollutants,
such as dioxin and polycyclic aromatic hydrocarbon (PAH) (Li
et al., 2019; Wisniewski et al., 2020). These chemical contaminants
are highly harmful to humans and environmental health (Andersen
et al., 2018; Hylland, 2006; Lv et al., 2020; Mandal, 2005; Mocarelli
et al., 1996).

Researchers are concerned about the possible environmental im-
pacts (positive or negative) that could result as a consequence of the on-
going global pandemic. Medical plastic residues undoubtedly possess a
potential for negative impacts (Espejo et al., 2020; Klemeš et al., 2020;
Prata et al., 2020b; Saadat et al., 2020; Zambrano-Monserrate et al.,
2020). Quantifying the global impact of medical plastic residues during
this pandemic is difficult but necessary.We recognize the need for diag-
nostic testing SARS-CoV-2 to identify virus hotspots in urban and rural
areas, as well as the implementation of public health measures that
could decrease the virus spreading. Single-use plastics and COVID-19
are currently unavoidable. It is necessary however, to assess the envi-
ronmental impacts of this pandemic and reduce the use of plastic in
medical supplies. Many of which are incalculable (such a Personal
2

Protective Equipment, PPE), as there is no source to quantify them.
The plastics generated by the COVID-19 tests can be estimated because
the number of tests performed is known and the RT-PCR technique is
the standard worldwide. The aim of this approach is to estimate the
types and the mass of plastic residues from COVID-19 diagnostic tests,
as well as discover where these medical plastic residues commonly
end up.

Although this article focuses on plastic waste and possible im-
pacts generated by the confirmatory COVID-19 test, we do recog-
nize the important role of this test in detecting COVID-19. This
pandemic is a human tragedy, which has already taken the lives of
many people. Nevertheless, an analysis of the waste generated in
this pandemic can be useful to determine possible negative impacts
on health and the environment. Moreover, the information pre-
sented here is useful in order to evaluate the short- and long-term
alternatives that can mitigate potential negative impacts in the
future.

2. Materials and methods

Using standard protocols for RNA extraction and SARS-CoV-2 detec-
tion by Geneaid Biotech and Thermo Fisher Scientific, all plastic inputs
normally used in COVID-19 diagnostic tests (ranging from sample
collection to result)were identified in detail. For this purpose, coronavi-
rus disease tests using real-time PCR (RT-PCR) for COVID-19 were
considered because this medical technique is widely used throughout
the world. During the next step, the plastic supplies used on each
diagnostic test were identified, weighed separately using an EJ-610
balance, with a detection limit of 0.01 g. The weights were analyzed
in triplicate after which an average was obtained. The results were
expressed in grams. With this information, the plastic residues gener-
ated by each RT-PCR diagnostic test was estimated. The available
cumulative COVID-19 test data and tests performed per confirmed
case of COVID-19 were obtained through the official websites of each
country or global databases (Afghanistan, Albania, Algeria, Argentina,
Armenia, Australia, Austria, Azerbaijan, Bahrain, Bangladesh, Barbados,
Belarus, Belgium, Bhutan, Bolivia, Bosnia and Herzegovina, Brazil,
Bulgaria, Burkina Faso, Cameroon, Canada, Chile, China, Colombia,
Costa Rica, Croatia, Cuba, Cyprus, Czechia, Denmark, DR Congo,
Ecuador, Egypt, El Salvador, Estonia, Ethiopia, Finland, France,
Germany, Ghana, Greece, Grenada, Guinea, Hungary, Iceland, India,
Indonesia, Iran, Iraq, Ireland, Israel, Italy, Ivory Coast, Jamaica, Japan,
Kazakhstan, Kenya, Kosovo, Kyrgyzstan, Latvia, Lebanon, Libya,
Lithuania, Luxembourg, Madagascar, Malawi, Malaysia, Maldives,
Malta, Mauritius, Mexico, Moldova, Montenegro, Morocco,
Mozambique, Myanmar, Nepal, Netherlands, New Zealand, Nigeria,
North Korea, Norway, Oman, Pakistan, Palestine, Panama, Paraguay,
Peru, Philippines, Poland, Portugal, Qatar, Romania, Russia, Rwanda,
Saint Lucia, Saudi Arabia, Senegal, Serbia, Singapore, Slovakia, Slovenia,
South Africa, South Korea, Spain, Sri Lanka, Sudan, Sweden,
Switzerland, Taiwan, Tanzania, Thailand, Trinidad and Tobago,
Tunisia, Turkey, Uganda, Ukraine, United Arab Emirates, United
Kingdom, United States, Uruguay, Uzbekistan, Venezuela, Vietnam,
Zimbabwe; see Table S1) on August 13, 2020. Data on population
and gross domestic product (GDP) were obtained from the “Our
World in Data” (Roser et al., 2020). The total weight of plastic resi-
dues generated by RT-PCR tests was estimated according to the cu-
mulative COVID-19 tests worldwide, by continent and country
levels (total number of tests carried out until August 2020). The plas-
tic residues generated from confirmatory testing for COVID-19 were
compared with population and GDP of each country. Furthermore,
we identified the mass of medical plastic waste incinerated at global,
continent, and country level, as well as the mass of those residues
that ended up in landfills. Finally, we indicated environmental and
health impacts of the chemical emissions that are produced when
medical plastic waste is incinerated.
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3. Results

3.1. Identification and classification of plastic residues from a single RT-PCR
tests for coronavirus disease

Worldwide single Real-time Polymerase Chain Reaction (RT-PCR)
test, using disposable plastics in several of its steps were identified
(Table 1). The plastics used are listed below, the procedure for collected
samples is made by using a 10 cm plastic swab (2.89 g), which is
inserted into a 5 ml falcon plastic tube (3.31 g). Once in the laboratory,
the sample is transferred into 15 ml falcon plastic tube (6.93 g) using a
micropipette with a 1000 μl plastic tip (0.70 g), and then the RNA ex-
traction is performed. An automatic RNA extraction was considered, as
it generates less plastic residues and is currently used for this purpose.
The samples are transferred into commercial plastic vessels (114.5 g
per eight samples) using single-use Pasteur plastic pipettes (1.25 g).
At this stage, reagents are added to Eppendorf plastic tubes (0.98 g per
twenty-four samples) by means of a micropipette using a 200 μl plastic
tip (0.25 g per twenty-four samples). Automatic sample homogeniza-
tion is performed using 1000 μl plastic tips (0.70 g). The RNA extraction
equipment uses three buffers that come with 1 l disposable plastic bot-
tle (88.7 g per bottle); each buffer container holds 400 samples. Follow-
ing the extraction, the sample is placed into Eppendorf plastic tubes
(0.98 g) using a 200 μl tipped plastic micropipette (0.25 g). The plastic
Table 1
Identification and classification of the plastic residues derived from a single RT-PCR tests for co

Step Supply Usage description

Collected
samples

10 cm plastic swab Sample extraction
5 ml falcon tube Sample transport

RNA extraction 15 ml falcon tube Laboratory sample transfer
1000 μl plastic tip Sample transfer into the falco

tube
Commercial plastic vessels Vessels for automatic RNA

extraction
Pasteur plastic pipettes Sample transfer into the plast

vessels
Eppendorf plastic tubes Reagents

200 μl plastic tip Reagent transfer

1000 μl plastic tips Sample homogenization
Buffers plastic bottle Buffers container

200 μl tipped plastic Transfer to eppendof tubes
Eppendorf plastic tubes Final container for transfer to

amplification
PCR
amplification

2019-nCoV (ORF1ab) (Tube 1) FAM™
dye 75 μL 20×

Reagent for master-mix

2019-nCoV (S Protein) (Tube 2) FAM™
dye 75 μL 20×

Reagent for master-mix

2019-nCoV (N Protein) (Tube 3) FAM™
dye 75 μL 20×

Reagent for master-mix

RNase P Assay (Tube 4) Reagent for master-mix

Eppendorf plastic tubes Master-mix container

Aerosol plastic barrier tips Transfer of master mix reagen

Aerosol plastic barrier tips Transfer of samples to 96-wel
plastic plate

MicroAmp™ Optical Adhesive Film Reading by PCR

96-well PCR plastic plate Reading by PCR

Optical plastic cap Reading by PCR

TaqPath™ 1-Step RT-qPCR Master Mix,
CG

Reading by PCR
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estimation for PCR reaction was based on TaqMan™ 2019-nCoV Assay
Kit v1 (Applied Biosystems). A master-mix is performed in a 1.5 ml
screw-cappedmicrocentrifuge plastic tube (0.98 g), inwhich theMaster
Mix (4×), the 2019-nCoV assay (20×), the RNAse P assay (20×) 1.25
and the RT-PCR grade water all well mixed. Each master-mix in a
1.5 ml screw-cappedmicrocentrifuge plastic tube is just for 40 samples.
Themastermix has several formats, but the biggest is a 10ml bottle that
allows 16,000 reactions. A plastic cryovial (2.22 g) containing the other
reagents for just 50 reactions of 25uL each. Aerosol plastic barrier tips
are used per each transfer of samples (2.49 g per tip). Finally, to read
the samples, these are placed into a 96-well PCR plastic plate (23.6 g)
and covered with MicroAmp™ Optical Adhesive Film (7 g); it must be
considered that each plate includes positive and negative controls,
thus 40 tests are made per plate. Therefore, each RT-PCR diagnostic
test for COVID-19 uses 37.27 g of disposable plastics.

3.2. Plastic residues at global, continent and country levels produced with
diagnostic tests for COVID-19

The mass of global plastic residues from RT-PCR tests for COVID-19
are indicated in Fig. 1. The cumulative tests for coronavirus disease
(COVID-19) at the global level are shown in Table S1. According to the
information available, we estimated that a mass of 15,439.59 tons of
plastic residues have been generated worldwide as a consequence of
ronavirus disease.

Plastic
grams
per
unit

Quantity for a
single
RT-PCR sample

Plastic grams
for a
single RT-PCR
sample

Plastic type Final
disposal

2.89 1 2.89 Polyester Incineration
3.31 1 3.31 Polypropylene Incineration
6.93 1 6.93 Polypropylene Incineration

n 0.7 1 0.7 Polypropylene Incineration

114.5 1 for 8 samples 14.3125 polyethylene Incineration

ic 1.25 1 1.25 polyethylene Incineration

0.98 1 for 24
samples

0.040833333 Polypropylene Landfill

0.25 1 for 24
samples

0.010416667 Polypropylene Landfill

0.7 1 0.7 Polypropylene Incineration
88.7 3 for 24

samples
0.66525 Tereftalato de

polietileno
Landfill

0.25 1 0.25 Polypropylene Incineration
PCR 0.98 1 0.98 Polypropylene Incineration

2.22 1 for 50
samples

0.0444 Polypropylene Landfill

2.22 1 for 50
samples

0.0444 Polypropylene Landfill

2.22 1 for 50
samples

0.0444 Polypropylene Landfill

2.22 1 for 1000
samples

0.00222 Polypropylene Landfill

0.98 1 for 40
samples

0.0245 Polypropylene Landfill

ts 2.49 5 for 40
samples

0.31125 Polypropylene Landfill

l PCR 2.49 1 2.49 Polypropylene Incineration

7 1 for 40
samples

0.175 Polyester Incineration

23.6 1 for 40
samples

0.59 Polypropylene Incineration

5 12 for 40
samples

1.5 Polypropylene Incineration

10.96 1 for 1600
samples

0.00685 Polypropylene Landfill



Fig. 1. World map of plastic residues (Log-tonnes) derived from RT-PCR tests for COVID-19 (our design with data from Table S2).
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using the RT-PCR diagnostic tests until August 2020. By continent
(Fig. 3), the plastic waste generated by RT-PCR diagnostic test are the
following in decreasing order; Asia (62.29%), North America (16.65%),
Europe (14.28%), South America (3.65%), Africa (1.81%) and Oceania
(1.33%). The ten countries with the most plastic residues are: China
(38.62%), United States (15.38%), Russia (7.40%), India (6.48%), United
Kingdom (3.33%), Germany (1.93%), Italy (1.67%), Spain (1.61%),
United Arab Emirates (1.38%) and Turkey (1.27%). Of all the countries
recorded in Fig. 1, these 10 countries represent 79.07% of all plastic res-
idues generated with RT-PCR tests for coronavirus.

Unlike other plastic residues (e.g., domestic garbage), medical plas-
tic residues derived from COVID-19 tests have no correlation to popula-
tion size nor to a country's gross domestic product. There is also no
relationship between the plastic residues from COVID-19 tests and con-
firmed cases for coronavirus. This lack of correlation is because most
COVID-19 tests carried out dependmore on political decisions of health
authorities of each country.

Of all the plastics used in confirmatory testing for COVID-19, 89.99%
(33.54 g) correspond to polypropylene, 8.22% (3.06 g) to polyester, and
1.78% (0.66 g) to polyethylene.

3.3. Fate and impacts on the health due to plastic residues from confirma-
tory testing for COVID-19

Currently, management of the final disposal of plastic waste gener-
ated by the RT-PCR test for COVID-19 worldwide depends principally
on whether it is biohazardous waste, biological samples possibly ex-
posed to COVD-19, or non-biohazardous waste which correspond
mainly to plastic residues that have been in contact with reagents and
not directly with biological samples. Biohazardous plastic residues are
commonly incinerated, representing about 97% of the total plastic resi-
dues. These plastic residues correspond to 91.50% (33.01 g) of polypro-
pylene, 8.49% (3.06 g) to polyester, and 0.01% to polyethylene. In
contrasts, 3.20% of the total plastic residues are classified as non-
biohazardous plastic residues, which commonly end up in landfill;
these residues correspond to 55.69% (0.66 g) of polyethylene, 44.30%
(0.05 g) of polypropylene, and 0.01% of polyester.

According to data indicated in Table 1 (incineration or landfill) and
data fromTable S1 (sumof the tests performed in each country), we cal-
culated that at the global level more than 14,900 tons of COVID-19 test
plastic residues have been incinerated, whereas only 494 tons of the
plastic waste have ended up in landfills. Most countries have more
than 10 tons of plastic waste that is incinerated (see Fig. 2 and
Table S2). It was estimated that the 99.2% of the global COVID-19 test
4

plastic residues incinerated are composed of polypropylene. The esti-
mated percentage was calculated taking data from Tables 1 and S1.

Non-biohazardous plastic residues usually go to landfills, but once
there they might be exposed to wild animals, such as birds that could
eat plastic fragments. With adequate control systems, these plastics
should not cause negative impacts on the environment and health,
even beyond the years it takes to degrade them. Non-biohazardous
plastic residues usually go to landfills, but once there they might be ex-
posed to wild species, such as birds, which could eat plastic fragments.

Bio-hazardous plastics can produce extremely toxic chemical pollut-
ants when burned (Mandal, 2005). In the 1980s, the incineration of
plastic waste itself generated gases that were dangerous to human
health, especially when different types of hospital waste were burned
(Allen et al., 1986). Incineration process techniques to control emissions
of toxic gases into the atmosphere from the burning of plastics and
other waste have been modernized (Tait et al., 2020). These advanced
technologies for gas control generated by incineration processes are
currently used in developed countries such as USA and in the
European Union, thus the emissions of toxic chemical compounds are
significantly reduced. On the other hand, less developed countries are
still using old incineration technologies and thus emitting toxic
chemicals to the air (Tait et al., 2020). In any case, any incineration of
plastic chemicals when burned emits some chemicals to a lesser or
greater extent (Tait et al., 2020; Walker and Cooper, 1992).

Toxic gas emissions generated by the incineration process for plastic
residues with COVID-19 tests are likely to be lower than those gener-
ated by other emissions sources. It is difficult to measure the gas emis-
sions generated by the incineration process for COVID-19 plastic
residues, since their burning is usually done alongwith other associated
wastes. Furthermore, these emissions can vary among gas control tech-
niques implemented in various geographical location around theworld.
During this pandemic, it is troublesome to assess burned COVID-19
waste emissions while numerous locations are still in lockdown, and
with increased restrictions to areas that are likely to have higher vol-
umes of contagious waste.

However, many of these chemicals emitted such as dioxins, PAHs
and other persistent organic compounds are chemicals that have no bi-
ological threshold. Their mere presence can cause biological alterations
and their emissions should not be underestimated (Newman, 2009).
Furthermore, in the atmosphere this fraction of pollutants generated
by the incineration of COVID-19 tests (which can be the lowest when
modern gas emission controls are used) is mixed with other air pollut-
ants from different sources, increasing the levels of atmospheric con-
taminants and producing a synergistic effect that may result in severe



Fig. 2.World map of incantation plastic residues (Log-tonnes) derived from RT-PCR tests for COVID-19 (our design with data from Table S2).
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biological effects. These chemicals emitted by the incineration of plas-
tics can enter living organisms leading to serious environmental and
health effects (Li et al., 2019). Health effects may include disruption of
normal hormone signaling pathways, reproductive and developmental
defects, immunotoxicity, liver damage, wasting syndrome, and cancer
(Kogevinas, 2001; Mandal, 2005; Yoshida et al., 2000). Furthermore,
pollutants such as dioxins last a long time because of their chemical sta-
bility and their ability to be absorbed by fat tissue (WHO, 2010).

Air pollution has been described as an influential factor in the in-
crease of cases of COVID-19. Particulate matter (PM2.5 and PM10) ob-
structs the respiratory tract, and the chemicals that make up these
particles (such as dioxins and PAHs) have a role in promoting viral dis-
eases by sharing the samemechanisms of action in the immune system.
These can affect COVID-19 as well as other viral respiratory diseases
(Espejo et al., 2020). The burning of biohazardous materials derived
from COVID-19 tests can influence the susceptibility of diseases.
Fig. 3. Plastic residues (tonnes) derived from RT-PCR tests for coronavirus disease by
continent (our design with data from Table S2).
4. Discussion

The lockdown inmany cities caused the collapse of the oil price thus
lowering the costs of oil products such as plastics. As a result, they are
cheaper to manufacture than to recycle (Adyel, 2020). Plastic waste
has increased during the pandemic, especially when one looks at hospi-
tal and household residues (Espejo et al., 2020). The increase in plastic
waste has attracted considerable concern from scientists and policy
makers (Klemeš et al., 2020; Silva et al., 2020). Scientific articles that
highlight the problem of environmental impact that could be generated
by the increased use of plastics in various sectors in the pandemic
(Espejo et al., 2020; Silva et al., 2020).

In the first days of the coronavirus pandemic in Wuhan (China),
more than 200 tons of medical residues from hospitals were reported
daily, i.e. four times the usual amount (Saadat et al., 2020). On March
21st 2020, China's national medical waste treatment daily capacity in-
creased from 48,092.8 tons to 6066.8 tons. In Wuhan, it varied from
50 tons before the pandemic to 265.6 tons (Chen and Guo, 2020). The
average value of medical waste in Dhaka, Bangladesh added up to 206
tons per day during the pandemic (Rahman et al., 2020). Medical
waste found in Indonesia (Jakarta) reached about 12,740 tons, approx-
imately 60 days after people in the area were first infected with SARS-
CoV-2 (Sangkham, 2020). The North Delhi Municipal Corporation
(NDMC) also observed an additional 11.4 tons of hazardous waste gen-
erated by households (Abhimanyu, 2020). The Apollo Hospital in
Ahmedabad reported a fatality rate that increased 1.5 times compared
5

to the normal daily rate. (Yahoo, 2020). The Catalan Agency for Waste
Management of Spain reported 350% increase of medical waste, imply-
ing an increase of 925 tons per month over the usual records (ACR,
2020). During the eight-week lockdown in Singapore, packaged take-
away plastics added an additional 1400 tons of plastic waste (Bengali,
2020).

Although the aim of this studywas to evaluate the plastics generated
by the COVID-19 confirmatory test (Prata et al., 2020b), one should bear
inmind that PPE have also increased, although in the latter ismore com-
plicated to evaluate their contribution to the increase in plastic waste,
since many of these products, such as masks, are made from a mixture
of vegetable and synthetic fibers (Fadare and Okoffo, 2020). It is esti-
mated that over 129 billion masks and 65 billion gloves have been
used worldwide each month (Prata et al., 2020b). 116 million single-
use masks were marketed on a single day in February in China, about
12 times the usual amount (Bermingham and Tan, 2020). Incorrect dis-
posal of only 1% of themasks exceeds 10million items, weighing 30,000
to 40,000 kg (Adyel, 2020). In the United States is reported that the PPEs
has multiplied growth (Justine, 2020) and medical waste has grown by
up to 370% and the demand for packaging plastics by up to 40% (Silva
et al., 2021).

It is difficult to estimate the medical plastic residues generated by
other diagnostic techniques (e.g., antigen or antibody), since there is
no official data on the number of tests performed, whether positive or
negative. In addition, there are many other medical supplies linked to
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COVID-19 diagnostic centers that also use disposable plastics, such as
gloves, biosafety gowns, sleeves, masks, shoe covers, biohazard bag
caps, among others. Hospital plastic residues from medical examina-
tions and treatments could increases the mass of plastic residues. The
current amount of medical plastic residue and its impact is still difficult
to estimate, but we project that it will be worrisome if the coronavirus
pandemic persists for months or even years. Although PPE are usually
made of plastic andweighmore than the test itself, their use is not stan-
dardized and depends on socio-cultural variables of each country,
whichmakes it difficult to estimate the plasticwaste generated globally.
Disposable plastics generated with COVID-19 tests are easily estimated
because the numbers of tests performed periodically by each country
must be reported, and also the technique of the confirmatory test by
RT-PCR is largely standardized.

In the present study it was estimated that until August 2020 around
15,000 tons of plastic waste have been generated worldwide by COVID-
19 test (total number of tests carried out up to August 2020). It is difficult
tomake a projection of howmuch plastic waste will be generated by RT-
PCRdiagnostic tests carried out at the endof the pandemic, because these
do not follow a known pattern and depend largely on the political deci-
sions of theMinistries of Health of each country. Countries have different
relationships between test performed and the confirmed case of COVID-
19 (see Table S1).While some countries continue to increase the number
of tests performed daily despite a decreasing number of confirmed cases,
other countries have acted otherwise (Roser et al., 2020). The plastic res-
idues generated by the COVID-19 confirmatory tests correspond to only a
part of the hospital plastic residues generated in a pandemic. In many
countries the management of medical waste is regulated, however its
management is not exempt from negative environmental impacts.

The generation of plastic residues is nonetheless inevitable because
most diagnostic tests are essential for an early detection of SARS-CoV-
2, and to prevent spreading the virus. Real-time PCR and RDT tests are
routinely used for detecting a large number of other human and veter-
inary diseases. It is time to recognize that these diagnostic tests must
be environmentally friendly, and there are some short- and long-term
actions that should be implemented to reduce the negative impacts of
plastic residues from COVID-19 tests.

To reduce the negative impacts generated by non-biohazard plastic
waste in the short-term, somepracticalmeasures can be taken to reduce
the amount of packaging containing reagents to be used in PCR assays,
before they end up in a landfill. Considering the huge number of sam-
ples analyzed, this may be effectively done by acquiring all reagents in
larger containers. In addition, nucleotide extraction and PCR reading
(both procedures that are time consuming and labor intensive) may
be automatized, which can help to reduce plastic waste.

Regarding bio-hazardous plastic waste, the incineration process re-
mains the most cost-effective technique to kill pathogens. Thus, reduc-
ing the negative impacts generated by combustion necessarily must
include better gas emission control capable of capturing 99.9% of chem-
ical pollutants. High efficiency incineration used in cement plants, for
instance, is capable of significantly reducing dioxin emissions
(Richards and Agranovski, 2017), constituting a good option for reduc-
ing toxic emissions generated by burning plastics. Nevertheless, it is
necessary to consider that this option may require long-distance trans-
port of bio-hazardous materials in most countries, as cement plants are
located on suburban areas of the cities, increasing the potential risk of
spreading pathogens. Those countries that have waste-to-energy incin-
erators dedicated to plastics should prioritize this type of incineration
for hospital plastic residues.

Long-term actions to reduce the environmental impacts of medical
waste used with COVID-19 testing, must include the manufacture of
biodegradable medical inputs free major compounds in smoke from
burning plastics. Therefore, their decomposition would be faster in the
case of inputs ended up in landfills, where they would not emit persis-
tent toxic chemicals if they are incinerated. Bioplastics are the most
promising possible alternative materials to solve plastic contamination
6

(Shen et al., 2020). One such bioplastic initiative suggests the use of
polylactic acid (PLA), starch, and protein for making biodegradable
polymers (Scheer, 2007). A U.S. Patent indicates the possibility of
using high-quality biodegradable resins that have the ability to be ster-
ilized just before medical supplies are manufactured (Kulshrestha et al.,
2012). Bioplastics still have some difficulties because somebacteria only
have the ability to degrade specific polymers and not all types of
bioplastics, since degradation depends largely on the morphology and
physical characteristics of the polymers. Furthermore, in many cases
this biological degradationmust be supported by UV degradation or hy-
drolysis processes. Therefore, composting centers must be built and
their use disseminated throughout the world (Luyt and Malik, 2019).

The manufacture of plastic-alterative medical products is more com-
plicated than the substitution of plastic in other economic sectors. Alter-
native materials used with diagnostic tests for virus infection should be
easily sterilized (resistant to high temperatures), not interfere with the
analysis, and must be incinerated without environmental risk. They
should also be produced at low cost, as they are needed inmassive quan-
tities and are vital inmedicine. Possible alternatives infinancing for these
biomaterials with social and health impacts should be explored. Reduc-
tions in taxes on these products and even partial or total subsidies should
be considered to more efficiently combat the pandemic and the adverse
environmental effects. Incentives in R&D for the specific development of
low or no toxicity compounds that support the diagnosis and fight
against the current and possible future pandemicsmust go hand in hand.

It is important to analyze the negative environmental impacts of this
pandemic caused by medical plastic residues. Furthermore, it is relevant
to highlight the urgency of manufacturing sustainable diagnostic tests
and PPEs, thus making medicine environmentally friendly. Poor control
measures during the incineration process in less developed countries,
of these plastic residues can emit toxic pollutants into the atmosphere,
which in addition to other pollutant sources can be harmful to human
health and the environment. The synergistic mixture of these pollutants
can exacerbate disease patterns. Consequently, it is crucial in the short-
term to promote better measures to control gas emissions during the
incineration process, particularly in countries with poor control mea-
sures. On behalf of a sustainable medicine, it is required to drive toward
the manufacture of medical tests (and other supplies) able to produce
residues that can be incineratedwithout entailing a risk to humanhealth.

5. Conclusion

The new coronavirus COVID-19 that was officially identified in De-
cember 2019, has increased the use of diagnostic tests during the pan-
demic, which contain medical inputs that are mostly made of plastic.
Confirmatory testing for COVID-19 have generated more than 15,000
tons of residues. Most of plastics are made from polypropylene, a type
of plastic that is frequently used in different medical applications. Con-
sidering that medical plastic residues are classified as biohazardousma-
terials, their fate is mainly done through incineration. There is a risk
associated to plastic residues incineration under poor control measures,
considering that low-income countries are still using old incineration
technologies and thus emitting toxic chemicals to the air, resulting
harmful to humanhealth and the environment. The sumof these pollut-
ants can exacerbate disease patterns. In the short-term, it is crucial to
enforce bettermeasures to reduce gas emissions during the incineration
process, especially in those countries wheremethods of handling, treat-
ment, and disposal of waste are poor. In the interest of a sustainable
medicine, it is necessary to promotemedical testmanufacturing capable
of producing residues that can be incinerated without entailing a risk to
human health.
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