
https://doi.org/10.1007/s11356-021-17098-x

REVIEW ARTICLE

Another casualty of the SARS‑CoV‑2 pandemic—the environmental 
impact

Letícia Rocha Gonçalves1 · Matheus Mantuanelli Roberto2 · Ana Paula Andrade Braga1 · Gabriel Bertoletti Barozzi1 · 
Giovanna Segati Canizela1 · Letícia de Souza Gigeck1 · Letícia Rosa de Souza1 · Maria Aparecida Marin‑Morales1

Received: 2 July 2021 / Accepted: 13 October 2021 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2021

Abstract
Cemetery leachate generated by the process of cadaveric decomposition is a significant contaminant of several matrices in 
the cemetery environment (soil, groundwater, and surface water). The biogenic amines cadaverine and putrescine stand out 
among the cemetery leachate contaminants, since they are potentially carcinogenic compounds. This review article presents 
a discussion of possible environmental impacts caused by the increase in deaths resulting from COVID-19 as its central 
theme. The study also aims to demonstrate the importance of considering, in this context, some climatic factors that can 
alter both the time of bodily decomposition and the longevity of the virus in the environment. Additionally, some evidence 
for the transmission of the virus to health professionals and family members after the patient’s death and environmental con-
tamination after the burial of the bodies will also be presented. Several sources were consulted, such as scientific electronic 
databases (NCBI), publications by government agencies (e.g., ARPEN, Brazil) and internationally recognized health and 
environmental agencies (e.g., WHO, OurWorldInData.org), as well as information published on reliable websites available 
for free (e.g., CNN) and scientific journals related to the topic. The data from this study sounds the alarm on the fact that 
an increase in the number of deaths from the complications of COVID-19 has generated serious environmental problems, 
resulting from Cemetery leachate.
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Introduction

The main anthropic sources of environmental contamina-
tion are agriculture, industry, and urban activities, such as 
sanitary landfills, effluents from the Water and Wastewater 
Treatment Plants, and, more recently included in this last 
group, cemetery environments (Jonker and Olivier 2012). 

Necropolises, as cemeteries are also called (Campos 2007), 
receive constant and intense additions of chemical com-
pounds of high toxic potential, which have serious impacts 
on the environment and the surrounding biota, in addition 
to harmful effects on human health (Łukaszuk et al. 2015).

The cadaveric decomposition process generates a liquid 
called cemetery leachate (Dent et al. 2004), which is rich in 
mineral salts and organic substances called biogenic amines, 
such as cadaverine and putrescine. These biogenic amines, in 
addition to being highly toxic to living beings, may also be 
associated with diseases such as cancer (Pegg 2013; Thomas 
and Thomas 2001). Although the contamination caused by 
the disposal of corpses in cemeteries presents risks to human 
health, this type of environment has attracted little attention 
from civil communities and government institutions regard-
ing their polluting potential.

The overflow of cemetery leachate, which occurs during 
the cadaveric putrefaction process, allows the cemetery 
leachate to percolate in the soil and transmit contaminants 
from the body’s own decomposition; chemical compounds 
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used during the life of the buried person, such as medi-
cines for daily use and chemotherapy; substances used in 
the body’s preservation and preparation processes, such as 
preservatives and makeup; as well as compounds derived 
from additional items, such as pacemakers, personal jew-
elry, paints, varnishes, and metallic elements from the 
mortuary urn (Zychowski and Bryndal 2015). In addition 
to the chemical compounds mentioned, biological materi-
als may also be transmitted, such as bacteria and viruses, 
related to the individual’s cause of death which puts the 
environment and public health at risk (Anjos 2013).

The cemetery leachate and all the aforementioned com-
pounds can be characterized as a polluting load that can 
reach and contaminate the soil and surface and under-
ground water resources near the cemetery (Zychowski 
and Bryndal 2015). The problem can be further aggra-
vated when the surrounding population makes direct use 
of water resources that are under the influence of cemeter-
ies, as they will be predisposed to waterborne diseases 
(Kemerich et al. 2012).

The COVID-19 pandemic, caused by the new corona-
virus or severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), began in late 2019 in China’s Wuhan city. 
Since then, an overwhelming and deadly scenario has taken 
over the world (CarodArtal 2020; Madabhavi et al. 2020). 
According to data from the Center for Systems Science and 
Engineering (October 1, 2020) and WHO (2020a), the num-
ber of deaths registered in the world due to COVID-19 has 
already passed 900,000, data that only confirm the enormous 
impact of this pandemic on human health. In the same con-
text, the World Health Organization (2020a) also disclosed 
that, by the end of September 2020, more than 900,000 
deaths caused by COVID-19 had been registered world-
wide. The two countries that have been most affected by the 
pandemic are the USA, with more than 190,000 deaths, and 
Brazil, with more than 125,000 deaths.

In view of the environmental problems related to cadav-
eric putrefaction and the increase in deaths registered in the 
world due to the pandemic, a concern has been established 
regarding the intensified impacts on cemetery environments. 
An important aspect to be considered, in addition to the 
presence of chemical compounds from the cemetery lea-
chate, is the fact that the etiological agents SARS-CoV (Qu 
et al. 2020) and SARS-CoV-2 (Wang et al. 2020; Wu et al. 
2020) have the ability to remain in the environment for long 
periods. Although all post-mortem activities (transportation, 
autopsies, delivery to families, burial, and exhumation) are 
supposed to be conducted in a way that avoids procedures 
that generate aerosols and release contaminated fluids after 
burial (Finegan et al. 2020), today there is an additional and 
serious concern about the spread of these viruses by bodies 
that were buried without undergoing appropriate decontami-
nation treatments.

Due to the general dynamics of cadaveric decomposi-
tion, which produce potentially toxic compounds, it is clear 
that contamination in cemeteries correlates to the number of 
buried bodies, as well as site-specific climatic and geologi-
cal characteristics (Zychowski and Bryndal 2015). Thus, it 
is possible to infer that the high number of human losses 
caused by the COVID-19 pandemic may also raise the level 
of contamination in cemetery environments and, conse-
quently, in the surrounding urban environment, especially 
for medium to large cities. The abrupt increase in the num-
ber of deaths that have been recorded during the pandemic 
period, which has occurred throughout the entire planet, 
has caused many to worry about the possible environmental 
impacts resulting from the pandemic. In this review article, 
data already described in the scientific literature regarding 
the contamination of necropolis will be presented, which 
will serve as a basis for a more in-depth discussion on the 
real environmental impact caused by the COVID-19 pan-
demic. Although cemetery environments are places that pose 
high risks to human health, they are either discussed very 
little or not at all as places of high contamination. However, 
the increase in death rates registered since March 2020 as a 
result of the pandemic highlights the need to consider, in a 
more punctual and emphatic way, the negative aspects that 
the pandemic has caused in cemetery environments, espe-
cially regarding the ecotoxicity of these areas. Since this 
contamination is not only restricted to cemetery environ-
ments it can affect a large surrounding area the aforemen-
tioned effect on the environment ends up impacting human 
health, a fact that considerably accentuates the need to dis-
cuss the contamination of cemeteries after the COVID-19 
pandemic. The approach of this study includes not only the 
description of the possible environmental and human health 
impacts resulting from the pandemic but also calls for the 
need for health and environmental government agencies to 
pay more attention to cemeterial contamination.

Cadaverous decomposition processes

The main environmental impact of cemeteries is caused 
by the cadaverous decomposition process (Pacheco and 
Matos 2000). The nomenclature and the stages of the 
body putrefaction process can vary from four to six stages 
(Carter and Tibbett 2008). In the so-called fresh or initial 
stage of decomposition, there is no overflow of cemetery 
leachate; the emphysematous phase (or putrefaction stage) 
is marked by the production of organic acids, gases, and 
biogenic amines, but without being released into the exter-
nal environment; in the colliquative (or black putrefaction) 
stage, cemetery leachate is released due to the rupture of 
the skin; saponification (or butyl fermentation) is charac-
terized by the formation of fatty acids in the regions with 
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the highest accumulation of triglycerides in the decompos-
ing body; in skeletonization (or dry decomposition), there 
is no production of cemetery leachate, however, there is 
the degradation of bone structures; the release of minerals 
is the last phase, where the remains start to release miner-
als previously present in the tissues (Bornemissza 1957; 
Carter and Tibbett 2008; Christensen et al. 2014). The last 
phase of the putrefaction process is skeletonizing. This 
phase takes days or even years to be achieved, while the 
complete disappearance of the corpse can take hundreds 
of years (Rodriguez and Bass 1983).

It is worth noting that the entire decomposition process 
follows the same stages for corpses, but there are specific 
characteristics of both the buried body and the environ-
ment that can interfere with the duration of time between 
one phase and another (Ioan et al. 2017). Among these 
particularities are clothing, age, body mass, gastric con-
tent, nutritional and hydration status, as well as the cause 
of death. The environmental characteristics involve pH, 
temperature, humidity, type, and composition of the soil 
where the corpse was buried (Vass et al. 2002; Pinheiro 
2006; Carter and Tibbett 2008; Ioan et al. 2017; Antonio 
et al. 2018).

Increased burials cause greater cemetery 
leachate contamination

The main cause of contamination from cemeteries is 
the liquid continuously released by putrefying corpses, 
called cemetery leachate (Silva and Malagutti Filho 2008). 
Cemetery leachate is a more viscous liquid than water, 
rich in mineral salts and degradable organic substances, 
of grayish-brown color, with an acrid and fetid smell, 
polymerizable, with high biochemical oxygen demand 
(BOD), and varying degrees of pathogenicity (Matos and 
Pacheco 2001; Silva 1995). The cemetery leachate has an 
average density of 1.23 g/cm3, high values ​of conductiv-
ity, a pH ranging from 5 to 9, and temperatures from 23 
to 28 °C. For every 1 kg of body weight, about 400 to 
600 mL of cemetery leachate are produced. Its compo-
sition is 60% water, 30% mineralized substances, 10% 
organic substances, and various metals (Oliveira et al. 
2013; Zychowski and Bryndal 2015).

Among the organic compounds present in the cemetery 
leachate are the biogenic amines cadaverine (1,5-pentan-
ediamine) and putrescine (1,4-butanediamine), which 
are small molecules, produced by the decarboxylation of 
amino acids through biosynthesis and enzymatic processes 
(Bachrach 2004). These amines are soluble in water, gen-
erate, when degraded, ammonium ions (NH4+), and are 

potentially highly toxic (Almeida and Macêdo 2005; Melo 
et al. 2010).

Toxicity of biogenic amines present 
in cemetery leachate

Toxicity of cadaverine and putrescine

Cadaverine (Cad) and putrescine (Put) biogenic amines 
are diamines that, in low concentrations, play important 
roles in organisms (Bach et al. 2012; Křížek et al. 2002; 
Ramani et al. 2014). They are involved in various natural 
biological processes such as brain activity, temperature 
and pH regulation, immune responses, cell growth, and 
differentiation in different organisms. However, biogenic 
amines, in general, can also be considered carcinogenic 
due to their ability to react with nitrites to form potentially 
carcinogenic nitrosamines (Shalaby 1996). Cad and Put 
are amines that have nucleophilic sites, which give them 
an easy connection with nucleic acids, lipids, and proteins. 
When these amines are in high concentrations, they can 
be toxic (Bach et al. 2012; Ladero et al. 2010) by altering 
the stability of these molecules (Bloomfield and Wilson 
1981; Brysont and Greenall 2000; Hussain et al. 2011; 
Schuber 1989).

The toxicity of Cad and Put causes the activation of cat-
abolic processes, which can generate an excessive increase 
in hydrogen peroxide (Pegg 2013; Thomas and Thomas 
2001). In general, biogenic amines, when undergoing oxi-
dation processes, generate unstable and potentially toxic 
compounds, such as aldehydes and hydrogen peroxide. 
Hydrogen peroxide is generated in the outer mitochondrial 
membranes, causing oxidative damage to mitochondrial 
DNA and other biomolecules, in addition to promoting 
neurodegenerative damage (Hauptmann et al. 1996; Pegg 
2013).

Studies carried out where Wistar rats ingested Cad and 
Put indicated that the consumption of Put may be related 
to acute harmful effects, such as dilation of the vascular 
system, hypotension, and bradycardia (del Rio et al. 2019; 
Ladero et al. 2010; Shalaby 1996). In addition, both have 
indirect toxic effects that enhance the toxicity of other bio-
genic amines, such as histamine (del Rio et al. 2019; Til 
et al. 1997), by facilitating the passage of histamine into 
the small intestine, increasing its rate of absorption into 
the bloodstream. This is due to the inhibition of detoxi-
fying enzymes (diaminaoxidase and histamine N-methyl-
transferase) involved in the oxidative catabolism of hista-
mine (Al Bulushi et al. 2009; del Rio et al. 2019; Lyons 
et al. 1983; Paik Jung and Bieldanes 1979).

A study by Rauscher-Gabernig et al. (2012), on food 
contaminated by putrescine and cadaverine diamines, 
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showed that these amines can potentiate the effects of 
histamine if ingested simultaneously. Although formed 
endogenously and essential for some metabolic pathways, 
these diamines are known as precursors of carcinogenic 
nitrosamines. Putrescine is a diamine that may also be 
involved in tumor growth. However, because there are 
few published studies on the toxicological levels of these 
substances, the authors claim that the tolerable levels dis-
closed for these amines may be underestimated and are 
characterized with some uncertainty.

Association of cadaverine and putrescine amines 
with carcinogenic processes in humans

The association of increased synthesis of biogenic amines 
with cell proliferation and cancer was first reported in 
the late 1960s (Andersson and Heby 1972; Gerner and 
Meyskens 2004). The cadaverine and putrescine diamines 
present in organisms can be nitrosated or they can act 
as precursors to other compounds capable of forming 
nitrosamines. Cadaverine produces nitrosopiperidine, and 
putrescine produces nitrosopyrrolidine. These compounds 
are considered carcinogenic to several animal species and 
represent a potential risk to human health (De Mey et al. 
2014; del Rio et al. 2019; Ladero et al. 2010; Rauscher-
Gabernig et al. 2012; Shalaby 1996).

Cadaverine is involved in several critical cellular pro-
cesses in living organisms, including the induction of 
inflammation and necrosis in living tissues. In high doses, 
this diamine is considered a biochemical marker for some 
diseases, such as cancer, diabetes, arthritis, and cystic fibro-
sis (Jancewicz et al. 2016; Teti et al. 2002). Fusi et al. (2008) 
evaluated the effects of various concentrations of cadaver-
ine on bovine mammary epithelial cells (BME-UV1) and in 
three-dimensional primary cultures (3D culture) of mam-
mary parenchyma, also in bovine. The authors observed that, 
in both cultures, the lowest concentration of the diamine 
(10  mM) induced cell proliferation, while the highest 
(50 mM) inhibited proliferation.

Studies by Chen et al. (2015), in human skin fibroblasts, 
showed that low concentrations of putrescine (0, 5, 1.0, 
5.0, and 10 μg/mL) induced cell proliferation, while higher 
concentrations (100, 500, and 1000 µg/mL) inhibited cell 
migration and proliferation, leading fibroblasts to apoptosis.

The putrescine polyamine is synthesized through ornith-
ine decarboxylation and the action of the ornithine decar-
boxylase enzyme (ODC). Because this diamine has several 
cellular functions and is regulated at various times during 
cellular activity (during its synthesis, degradation, absorp-
tion, and efflux), it is very difficult to find consistent evi-
dence about the cellular functions of these diamines. Studies 
carried out with this putrescine have turned up controversial 
results on the role of ODC in carcinogenesis and apoptosis 

(Thomas and Thomas 2001). Based on this information, 
these same authors have suggested that the different actions 
of putrescine may be related to the differences inherent to the 
cell type involved in the putrescine uptake, thus character-
izing differences in cellular sensitivity to apoptosis (Thomas 
and Thomas 2001).

Cemetery leachate chemicals

After burial, chemical, and biological agents are released 
from the body caused by chemical substances applied in 
the individual’s life, such as chemotherapy, dental implants, 
metallic prostheses, among other materials, which end up 
contaminating the environment. In addition to these materi-
als for human use, there is also the supply of metallic con-
taminants and coatings used in the manufacture of mortu-
ary urns. Metallic compounds can corrode and infiltrate the 
soil and be carried to underground bodies of water near the 
burial site (van Allemann et al. 2019). These same authors 
also warn that cemeteries are characterized by environments 
potentially contaminated by dangerous metals, such as alu-
minum, iron, copper, and zinc. The environment contamina-
tion of cemetery by metals is also described by Aruomero 
and Afolabi (2014), who cites the presence of lead, arsenic, 
mercury, nickel, copper, cadmium, zinc, silver, bronze, and 
chromium. In addition to these metals, most coffins are made 
of wood that undergoes a treatment process with preserva-
tives and are subsequently painted and/or varnished for a 
longer duration (Gondal et al. 2011). All these components 
are easily associated with cemetery leachate, which opti-
mizes its percolation in the soil, its flow into surface waters, 
or its leaching into groundwater (van Allemann et al. 2019).

Several factors contribute to the mobility and corrosion 
rate of metals related to burials. The most studied factors 
are the following: the type of metal present in bodies and 
urns; the edaphic conditions in which the body is buried; and 
climatic factors, such as temperature and precipitation in the 
region. These variables play an important role in relation to 
the accumulation, transmission, and corrosion of materials 
in cemetery environments (Silva et al. 2020).

According to Jonker and Oliver (2012), a South African 
cemetery in Tshwane contains more than 60,000 tombs, 
which can release about 108,000 kg of metals from the con-
stituent parts of the coffins into the environment. From the 
moment these metals suffer corrosion and are introduced 
into the environment, they can accumulate in the short and/
or long-term, and characterize a serious risk to public health 
(Bianchi et al. 2011; Dourado et al. 2017; Matsumoto and 
Marin-Morales 2004) mainly because their adverse effects 
may not be immediately observable and can compromise 
the following generations (Paíga and Delerue-Matos 2016).

Another worrying factor, in addition to the release of 
metals into the environment, is the embalming process of 

1699Environmental Science and Pollution Research  (2022) 29:1696–1711

0123456789)1 3



the body (thanatopraxy), a practice commonly undertaken 
since Ancient Egypt. In this process, fluid substances that 
do not degrade easily are applied (Nogueira et al. 2013). 
The thanatopraxy aims to maintain the color, conservation, 
and asepsis of the corpse. In this process, fluids are injected, 
such as formaldehyde, acetate and potassium nitrate, glyc-
erin, and chrome paint (Souza and Botelho 1999), which are 
not degraded in the cadaveric decomposition process and, 
therefore, easily pass into the soil and groundwater (Matos 
and Pacheco 2001).

During the cadaveric decomposition process, large 
quantities of substances with a high degree of toxicity are 
released, such as hydrogen sulfide, carbon dioxide, meth-
ane, ammonia, cadaverine, and putrescine. These substances, 
in addition to contaminating the soil, can also reach the 
groundwater through a leaching process, thus increasing the 
potential for environmental impact (da Kemerich et al. 2014; 
Neckel et al. 2017; Dalmora et al. 2020).

The cadaverous decomposition process 
and contamination by pathogens

After death, the human body becomes the substrate of an 
ecosystem composed of several saprophytic microorgan-
isms (Antonio et al. 2018). The microorganisms involved 
in the cadaveric decomposition, according to Całkosiński 
et al. (2015), can impact the environment and also pose a 
risk to human health.

The decomposition process is initiated by enterobacteria 
from the body itself, which overtake the intestinal epithe-
lium and invade adjacent tissues (Carneiro 2008). Gram-
negative enterobacteria present in the decomposition pro-
cess have also been found in the cemetery leachate (Antonio 
et al. 2018). Among the bacteria of the cemetery leachate 
are the genera Clostridium and Salmonella, in addition to E. 
coli, bacteria that are involved with diseases such as tetanus, 
typhoid fever, gas gangrene, and dysentery.

Studies by several authors (Kandoli et al. 2019; Rodrigues 
and Pacheco 2003) show that there is a high level of 
microbial contamination in groundwater samples collected 
in the vicinity of cemeteries (Kandoli et al. 2019; Rodrigues 
and Pacheco 2003; Zychowski and Bryndal 2015). It was 
also observed that the survival of these pathogens can 
vary in the soil. Specific characteristics of the soil, such 
as permeability, aeration, humidity, and nutrition factors, 
alter the effectiveness of microorganism retention (Silva and 
Malagutti Filho 2008). Some more resistant microorganisms 
can survive for more than 5 years in the soil, under favorable 
environmental conditions, and, during this period, they can 
mobilize and reach and contaminate aquifers (Zychowski and 
Bryndal 2015). Research carried out in tropical countries 
shows an influence of climatic and edaphic conditions on the 

biological contamination of the environment (Ourives et al. 
2017). An example of this is that environmental samples 
collected in Brazilian and South African cemeteries showed 
higher levels of pathogens than samples collected in colder 
environments (Zychowski and Bryndal 2015).

Studies on the migration potential of bacteria and viruses, 
carried out by Pacheco and Matos (2000) on samples 
collected in cemetery environments, show that viruses have 
a greater capacity for mobility in the soil when compared 
to bacteria. Few studies have analyzed virus contamination 
in necropolises; however, the presence of adenoviruses and 
enteroviruses has already been detected in water samples 
collected in these environments. It is worth mentioning 
that, in the places where the graves were closer to the water 
table, the level of contamination was higher (Zychowski and 
Bryndal 2015).

Prescott et al. (2015) carried out a relevant study on the 
stability of the Ebola virus, after the outbreak that started in 
2014 in West Africa. In this study, the authors evaluated tis-
sue samples from five monkeys that died from being infected 
by the virus, to ascertain the stability and transmissibility of 
the virus, as well as the presence of viral RNA in these sam-
ples. It was possible to detect, using the RT-PCR technique, 
the presence of the virus in the different samples, for up to 
3 weeks after the death of the primates. They detected the 
virus was viable and replicating within a cell culture, dem-
onstrating its viability for up to 7 days after the euthanasia 
of the animals (Prescott et al. 2015).

Currently, the outbreak of infection of the new coronavirus 
has become a risk on a global level, due to its speed in both 
contamination and spread throughout the world. The survival 
time of this virus in the corpse, after burial, is still uncertain 
(Calmon 2020), which makes this scenario more worrying, 
because, in cities whose water and wastewater treatment 
plants are flawed, the population can be directly exposed to 
the biological material leached from the cemetery leachate, 
increasing the risk of contamination (Nascimento 2020).

Although an improvement in the US and Chinese air qual-
ity was reported during the COVID-19 pandemic (Shakoor 
et al. 2020), an increase in the mortality rate, and hence 
the number of burials, is most likely negatively altering the 
quality of other environmental matrices, such as soil and 
groundwater. Thus, the need to assess the impact of cem-
etery environments and the impairment of this type of con-
tamination on human health is pertinent.

SARS‑CoV‑2 survival time in different 
environments

While some researchers related the transmissibility of the 
virus to meteorological factors, such as temperature and 
humidity (Doğan et al. 2020; Shahzad et al., 2020a, b; Sarwar 
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et al. 2021), others have already estimated the survival time 
of SARS-CoV-2 in different environments and environmen-
tal conditions. Seetulsingh et al. (m2020) reported a case of 
a patient who died on suspicion of COVID-19 and, due to 
an administrative delay, the autopsy was performed 27 days 
after his death. During this period, the body was kept at a 
temperature of 4 to 6 °C. After that period, PCR analysis 
for COVID-19 and histological analysis of lung tissue were 
performed. Since these analyses confirmed that the patient’s 
cause of death was from COVID-19, it was not necessary 
to carry out other internal studies. This case was the first 
study to detect the virus in lung tissue, carried out well after 
the patient’s death. Thus, from this study, it was possible to 
infer that the virus can persist and remain viable in cadavers, 
which alerted the medical-scientific community to the need 
for the proper use of personal protective equipment (PPE), for 
handling bodies affected by COVID-19 or when conducting 
postmortem examinations.

Some studies carried out with the aim of mitigating 
the COVID-19 pandemic have shown that the survival 
of SARS-CoV-2 is dependent on the type of surface it is 
attached to. Hirose et al. (2020) evaluated the stability 
of SARS-CoV-2 on human skin obtained from forensic 
autopsies and identified that the SARS-CoV-2 strain can 
remain alive for up to 9 h on human skin. This extended 
permanence on the skin allows for an increased risk of 
self-contamination and transmission to other surfaces and 
even to other people. In that same study, the difficulty in 
carrying out the same type of study on the skin of living 
people, as it is a highly infectious agent, was highlighted. 
However, some authors (Hirel et al. 1996; Boekema et al. 
2015; Akutsu et al. 2019) cite that autopsy performed on 
the skin of individuals 24 h after their death can serve as 
a model for a better understanding of the viability of the 
virus in humans.

van Doremalen et al. (2020) analyzed the stability of 
SARS-CoV-2 in aerosol, plastic, stainless steel, copper, 
and cardboard, at temperatures ranging from 21 to 23 °C 
and 40% humidity. SARS-CoV-2 remained viable in aero-
sols for 3 h, on plastic for up to 72 h, and on stainless steel 
for 8 h. On copper, SARS-CoV-2 was no longer detected 
after 4 h of contamination, and on cardboard, no viable 
SARS-CoV-2 was observed after 24 h. With these data, it 
is possible to affirm that the transmission of SARS-CoV-2 
can happen through aerosol and by human contact with 
contaminated surfaces because the virus can remain viable 
and infectious for hours in aerosols and for days on solid 
surfaces.

Temperature is one of the main factors that influence 
the survival of the virus. High temperatures can cause 
protein denaturation and increase the activity of extra-
cellular enzymes. Temperature can be a denaturant fac-
tor for proteins since it can break hydrogen bonds leading 

to an alteration in the sites for these macromolecules. As 
described by Wang et al. (2004), viral proteins can be 
denatured by heat. Both the N-proteins (nucleocapsids) 
and the viral S proteins (membrane proteins), when in a 
phosphate-buffered saline buffer, begin to unfold at 35 °C, 
and exhibit complete denaturation at 55 °C. The author 
also mentions that these SARS-Cov-2 proteins are irre-
versibly denatured by heat. This denaturation begins when 
the medium reaches 35 °C and is completed in 10 min at 
55 °C. In addition to this factor, exposure to light, the pres-
ence of organic matter, and other microorganisms can also 
interfere with coronavirus survival (Gundy et al. 2009; 
Naddeo and Liu 2020).

SARS-CoV-2 is composed of a protein capsid, genetic 
material, and an enveloping lipid membrane, derived from 
the host cell. This virus infects animal cells and replicates in 
the cytoplasm of those cells (Spriggs et al. 2019) . Although 
the membrane gives this virus greater ease of entry into 
host cells (endocytosis) (Spriggs et al. 2019), this envelope 
is fragile and, in general, is less stable in an environment 
contaminated by oxidizing agents, such as chlorine. Stud-
ies have shown that this pathogen survives 2 days (20 °C) 
in water not treated with chlorine and in untreated hospi-
tal sewage. Thus, the characteristics of the effluents from 
water treatment facilities influence the survival time of the 
virus (Rolemberg et al. 2020; WHO 2020a). Medema et al. 
(2020) analyzed the sewage networks of two hospitals in 
the Netherlands and, in both sewers, the presence of SARS-
CoV-2 was detected. Wu et al. (2020) observed, in March 
2020, a high concentration of the virus in wastewater from 
a Massachusetts wastewater treatment plant. Therefore, 
the efficiency of the disinfection process used in water and 
wastewater treatment plants is of crucial importance for the 
inactivation and, consequently, the removal of this pathogen 
from the effluents of the treatment plants (Rollemberg et al. 
2020). This concern is supported by Fareed et al. (2020), 
who mention that the countries with the greatest environ-
mental quality problems are listed as the ones with the high-
est number of deaths from COVID-19.

The studies discussed above reinforce that water trans-
mission in environments contaminated by SARS-CoV-2 
can aggravate transmission potential. The evaluations per-
formed up until now are still insufficient in elucidating the 
extent of this type of contamination, since little research 
has been carried out on the survival time of this virus in a 
post-mortem situation and on the risks of human exposure 
during that period. Considering the increase in the mortal-
ity rate, as a result of the increase in the number of people 
contaminated by SARS-CoV-2, the need to discuss and 
evaluate the environmental and public health impacts of 
environments potentially contaminated by SARS-CoV-2 is 
evident, including in cemetery environments.
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Contamination of soils, groundwater, 
and surface waters by cemeteries

The overflow of cemetery leachate, the main pollutant in 
cemeteries, resulting from the decomposition of corpses, 
reaches the soil and causes, in addition to an increase in 
microbial activity, an increase in the levels of nitrogen, phos-
phorus, mineral salts, and electrical conductivity (Kemerich 
et al. 2012; Silva and Malagutti Filho 2008; Zychowski and 
Bryndal 2015).

Soil contamination is dangerous to human health and 
environmental quality and, because it is often visually 
imperceptible, can be characterized as a hidden danger 
(Rodrígues-Eugenio et al. 2018). A type of mechanical fil-
tration can occur in the soil, which retains larger particles, 
such as bacteria and viruses. Viruses can attach themselves 
to the soil due to the electrical charges of mineral particles. 
Although this fixation may not be permanent, it can result 
in significant health problems (Nascimento 2020; Pacheco 
2017).

As already mentioned, another alarming and high-risk 
factor is the contamination of groundwater, which occurs 
through the percolation of the cemetery leachate into the 
unsaturated area of the soil. The contamination dynamics, 
which can be initiated, for example, by graves that have 
cracks, depends on the type of soil where the cemeteries 
are installed. Cemeteries with more sandy substrates have 
a greater potential for contamination, as they have more 
porous and permeable soils, while soils classified as clayey 
have a greater capacity for cemetery leachate retention, as 
they are more compact and impermeable (Campos 2007; 
Silva and Malagutti Filho 2008).

When the leachate of cemeteries reaches the aquifers, 
these groundwaters become vehicles of contamination, and 
its spreads to external areas as the vicinity of the cemeteries 
(Pacheco 2017). Such contamination poses risks to the envi-
ronment since groundwater is important for the balance of 
the planet. As these waters flow slowly to lakes, rivers, and 
oceans, it is extremely difficult to recover a contaminated 
aquifer (Giampá and Gonçalves 2005). Another complica-
tion is the fact that groundwater can often be used to supply 
the population, putting people’s health at risk, as is the case 
with residents in the vicinity of cemeteries, who end up con-
suming polluted water, resulting in negative consequences 
on their health (Pacheco 2017).

Surface waters can also be impacted by necropolises. In 
cemeteries that do not have an efficient drainage system, 
where the land is waterproofed by tombs and by paving 
the streets, there is an impediment to draining rainwater, 
which can accumulate on the site. These waters can then 
flood tombs, drain, and reach areas outside the cemetery, 
transporting contaminants to the urban rainwater network 

and, consequently, to water bodies in the region (Silva and 
Malagutti Filho 2008). Due to these contamination possibili-
ties, there is a need to adequately structure the cemeteries, so 
that these environments are prepared to receive the corpses, 
without causing impacts on water resources and the sur-
rounding urban areas (Neckel et al. 2017).

Water is an indispensable natural resource for the sur-
vival of life on the planet. Its quality is closely related to 
environmental quality and public health (Westall and Brack 
2018). As evidenced by Pacheco (2017), the lack of sanita-
tion and the consequent contamination of water results in 
high rates of hospitalizations and deaths as is seen in devel-
oping countries.

Among anthropic sources, cemeteries are the most 
asymptomatic, silent, and continuous sources of water con-
tamination (Pacheco 2017). This is extremely concerning, 
due to the fact that the population is unaware of the polluting 
potential of the by-products of cadaverous decomposition 
happening in these environments (Anjos 2013). Due to this 
lack of knowledge, there may be negligence in relation to 
the necessary care when handling soils in these places or 
when using groundwater, which is influenced by this type of 
contamination, for supply (wells). In addition to these pub-
lic health problems, the contamination of natural resources, 
such as soil and water, is also extremely harmful to the envi-
ronment, since, with population growth, these resources are 
already scarce and more degraded (Tormen et al. 2016). 
Fagundes et al. (2020) points out that water is a resource 
that is becoming increasingly scarce, both in quantity and 
quality. The author mentions that a good part of the water 
available for consumption is extracted from groundwater and 
that these waters correspond to about 30% of all freshwater 
on the planet, reinforcing the need for its conservation.

Cemeteries are a significant global source of pollution 
since they contribute to the introduction of physical, chemi-
cal, and biological agents exogenous to the environment, 
which, consequently, compromises the health of both the 
population living in proximity to them (Nogueira et al. 2013; 
Neckel et al. 2016, 2017) and the use of the water contami-
nated with its by-products.

Increase in mortality

The number of deaths from the COVID-19 pandemic is 
being considered a negative and frightening milestone in 
human history. Due to the lack of efficient treatment, and 
the delay in large-scale vaccinations, protective measures 
such as social distancing, strict personal, and object hygiene, 
as well as the use of personal protection equipment (PPE), 
have been adopted and recommended worldwide. As can be 
seen in Tables 1 and 2, the deaths registered for COVID-19 
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vary considerably according to the country or region con-
sidered. This variation is related to the speed with which 
strategies are implemented in mitigating the spread of the 
disease, such as carrying out diagnostic tests in the popula-
tion and the determination and encouragement of effective 
social isolation.

According to the data, the American continent has the 
majority of COVID-19 confirmed deaths, corresponding to 
47.46% of the total global value. A few American countries 
(USA, Brazil, and Mexico) lead the world numerical ranking 
for cases of death by COVID-19, as can be seen in Table 2.

According to current data on the mortality rate of the 
SARS-CoV-2 infection, the country that draws the most 
attention is the United States of America (USA), which 
leads in deaths (407,565) and confirmed cases (27,690,000), 
despite the low mortality rate (1.7%) compared to the world 
average (2.1%). The cases of deaths from COVID-19 in this 
country correspond to 19.57% of the total deaths world-
wide (Table 2). Brazil ranks second in the number of dead 
(212,831) and third in confirmed cases (9,870,000), behind 
the USA and India (10,930,000). The Brazilian mortality 
rate is 2.5%, slightly above the world average. Mexico’s situ-
ation is concerning since they reached a total of 144,000 
deaths in January 2021 and a mortality rate of 8.5%, much 
higher than the global rate (Table 2).

Considering Latin America, the numbers show more 
virus dissemination and deaths in the South (Table 3).

Table 1   Number of confirmed deaths from COVID-19 in the 5 conti-
nents, registered from March 16 (2020) to January 20 (2021)

Source: European CDC—Situation Update Worldwide—Our-
WorldInData.org/coronavirus (Roser et al. 2021)

Region COVID-19 deaths Death proportion

America 984,625 47.46%
Europe 646,760 31.17%
Asia 360,646 17.38%
Africa 81,756 3.94%
Oceania 945 0.05%
Total 2,074,732 100.00%

Table 2   Total confirmed 
cases of COVID-19 and case 
fatality rate of countries ranked 
according to total deaths 
registered from March 16 
(2020) to January 20 (2021)

Source: European CDC—Situation Update Worldwide—OurWorldInData.org/coronavirus (Roser et  al. 
2021)

Total deaths Total cases Case fatality rate

1 United States 407,565 1 United States 27,690,000 1 Mexico 8.5%
2 Brazil 212,831 2 India 10,930,000 2 Iran 4.2%
3 India 152,869 3 Brazil 9,870,000 3 Peru 3.6%
4 Mexico 144,371 4 United Kingdom 4,060,000 4 Italy 3.5%
5 United Kingdom 93,469 5 Russia 4,040,000 5 Belgium 3.0%
6 Italy 83,681 6 France 3,530,000 6 Indonesia 2.9%
7 France 71,792 7 Spain 3,090,000 7 South Africa 2.8%
8 Russia 66,214 8 Italy 2,730,000 8 United Kingdom 2.7%
9 Iran 57,057 9 Turkey 2,590,000 9 Chile 2.6%
10 Spain 54,637 10 Germany 2,350,000 10 Colombia 2.5%
11 Germany 50,010 11 Colombia 2,200,000 11 Canada 2.5%
12 Colombia 49,792 12 Argentina 2,030,000 12 Argentina 2.5%
13 Argentina 46,216 13 Mexico 2,000,000 13 Romania 2.5%
14 Peru 39,044 14 Poland 1,590,000 14 Brazil 2.5%
15 South Africa 38,854 15 Iran 1,530,000 15 Germany 2.4%
16 Poland 34,141 16 South Africa 1,490,000 16 France 2.4%
17 Indonesia 26,857 17 Ukraine 1,320,000 17 Poland 2.4%
18 Turkey 24,487 18 Peru 1,240,000 18 Spain 2.3%
19 Ukraine 22,264 19 Indonesia 1,220,000 19 Russia 1.8%
20 Belgium 20,572 20 Czechia 1,090,000 20 Ukraine 1.8%
21 Canada 18,567 21 Canada 832,375 21 United States 1.7%
22 Chile 17,594 22 Portugal 787,059 22 Czechia 1.6%
23 Romania 17,485 23 Chile 779,541 23 Portugal 1.6%
24 Czechia 14,820 24 Romania 763,294 24 India 1.4%
25 Portugal 9,465 25 Belgium 739,488 25 Turkey 1.0%

World 2,410,000 World 109,160,000 World 2.1%
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Regarding the data from Latin America, it is possible 
to observe that in several countries, the mortality rates are 
above the world rate, registered as 2.1%. Among the coun-
tries listed in Table 3, Mexico, Ecuador, and Bolivia are 
those with the highest mortality rate (8.5%, 6.2%, and 5.0%, 
respectively). However, as the largest and most populous 
country in this region, Brazil leads the number of deaths and 
cases confirmed by COVID-19 (212,831 and more than 8.5 
million, respectively).

Pandemic data from Brazil

According to Roser et al. (2021), Brazil has approximately 
8.64 million COVID-19 confirmed cases. Comparing this 
data with the total population (approx. 212.56 million), 4.0% 
of the population was contaminated by the coronavirus. 
However, compared with the total number of contaminated 
people around the world (96.86 million), this rate rises to 
8.92%. Comparing the numbers of cumulative confirmed 
COVID-19 deaths, Brazil registered 212,831 among 2.07 
million deaths around the world, resulting in 10.28% of the 
death toll. It is important to note that the Brazilian popula-
tion comprises only 2.72% of the world population.

In order to estimate the increase in the number of deaths 
in Brazil, the records from March 16 to December 31, 2020, 
were compared with the same time interval as in the year 
2019. To assess the effects of COVID-19, in relation to the 

possible worsening of more specific symptoms, data on 
deaths from respiratory causes and heart disease was col-
lected, as shown in Tables 3 and 4, respectively.

From the analysis carried out between the values of the 
two tables (4 and 5), it is possible to observe an increase of 
approximately 18.44% in the number of deaths from 2019 
to 2020, for the same period. However, there are several 
variations regarding the registered causes. Table 4 shows 
a significant decrease in the number of deaths caused by 
respiratory insufficiency, pneumonia, and septicemia. On 
the other hand, there was a considerable increase in deaths 
from undetermined causes and severe acute respiratory 
syndrome, in addition to deaths from COVID-19. Table 5 

Table 3   Number of deaths confirmed from COVID-19 in Latin 
American countries, registered from March 16 (2020) to January 20 
(2021)

Only countries with > 1,000 deaths and with > 2.0% of mortality rate 
are listed. Source: European CDC—Situation Update Worldwide—
OurWorldInData.org/coronavirus (Roser et al. 2021)

Country COVID-19 
deaths

Confirmed cases Mortality rate

Brazil 212,831 8,640,000 2.5%
Mexico 144,371 1,690,000 8.5%
Colombia 49,792 1,960,000 2.5%
Argentina 46,216 1,830,000 2.5%
Peru 39,044 1,070,000 3.6%
Chile 17,594 680,740 2.6%
Ecuador 14,437 234,315 6.2%
Bolivia 9,764 193,745 5.0%
Guatemala 5,343 151,324 3.5%
Honduras 3,406 136,989 2.5%
Paraguay 2,556 124,447 2.0%
El Salvador 1,521 51,437 3.0%
All countries 

of Latin 
America

560,056 17,704,073 3.2%

Table 4   Deaths related to respiratory diseases, recorded from March 
16 to December 31, for the years 2019 and 2020

SARS, severe acute respiratory syndrome; COVID-19, coronavirus 
disease 2019. Source: Central de Informações do Registro Civil—
CRC Nacional, Brazil (Arpen 2021)

Death cause Year Variation

2019 2020

Other (not respiratory-related 
cause)

532,718.0 556,648.0 4.49%

Respiratory insufficiency 81,592.0 79,069.0 -3.09%
Pneumonia 185,229.0 138,688.0 -25.13%
Sepsis 140,194.0 126,866.0 -9.51%
Undetermined 5,705.0 8,109.0 42.14%
SARS 1,265.0 16,279.0 1,186.88%
COVID-19 0.0 195,598.0 -
Total 946,703.0 1,121,257.0 18.44%

Table 5   Deaths related to respiratory and cardiac diseases, recorded 
from March 16 to December 31, for the years 2019 and 2020

SARS, severe acute respiratory syndrome; COVID-19, coronavirus 
disease 2019. Source: Central de Informações do Registro Civil—
CRC Nacional, Brazil (Arpen 2021)

Cause of death Year Variation

2019 2020

Other (not cardiac-related 
cause)

368,694.0 375,973.0 1.97%

Respiratory insufficiency 69,251.0 64,752.0 -6.50%
Pneumonia 159,500.0 117,810.0 -26.14%
Sepsis 123,319.0 110,791.0 -10.16%
Undetermined 5,516.0 7,558.0 37.02%
SARS 1,265.0 16,279.0 1186.88%
Stroke 80,831.0 80,715.0 -0.14%
Heart Attack 80,497.0 73,954.0 -8.13%
Unspecific cardiovascular 

causes
57,830.0 77,827.0 34.58%

COVID-19 0.0 195,598.0 -
Total 946,703.0 1,121,257.0 18.44%
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also shows a decrease in the number of deaths for specific 
heart diseases, such as stroke and heart attack, while the 
values for other unspecific cardiovascular diseases have 
increased. In the database used (Arpen 2021), unspecific 
cardiovascular diseases were considered: sudden death or 
cardiorespiratory arrest, arterial hypertension, heart fail-
ure, dilated cardiomyopathy, atrioventricular block, car-
diac arrhythmia, supraventricular tachycardia, ventricular 
tachycardia, atrial fibrillation, bradyarrhythmia, and car-
diogenic shock associated with ischemic disease.

These observations may be due to insufficient testing 
for COVID-19, which must be masking the real effects of 
the pandemic on the Brazilian population, in terms of the 
number of infected and consequently of deaths. This situ-
ation is probably happening in other developing countries 
around the world. For the analysis of the effects of the 
pandemic on the Brazilian states (Table 6) and the geo-
graphic regions of Brazil (Table 7), several factors should 
be considered.

While the Southern region has had little change in the 
number of deaths recorded for 2019 and 2020, the other 
regions showed significant increases for the same period 
considered. Comparing the data, it is possible to highlight 
that the increases for the North, Midwest, and Northeast 
regions (31.36%, 26.21%, and 21.23%, respectively) were 
the most expressive recorded in Brazil (Table 7).

The increase recorded in the North of Brazil was due to 
the variations observed for the states of Amazonas (43.37%), 
Pará (33.38%), and Roraima (25.40%). With the exception 
of the states of Acre, Amapá, Rondônia, and Tocantins, the 
others increased more than 25.00% (Table 6). The capital of 
Amazonas, Manaus, already at the beginning of April, had 
declared the collapse of the healthcare system, where 95% of 
the 293 ICU beds were occupied (Calmon 2020). Recently, 
this Brazilian state faced an even worse scenario of health 
system collapse. After increasing the number of beds, 100% 
of the ICU beds in the state were occupied, and there was a 

Table 6   Deaths cited in each of 
the Brazilian states, from March 
16 to December 31, for the 
years 2019 and 2020

Source: Central de Informações do Registro Civil—CRC Nacional, Brazil (Arpen 2021)

Brazilian states COVID-19 deaths Total deaths per year
2019–2020

Difference 
2019–2020

Variation

Acre 805.0 2,882.0 3,515.0 633.0 21.96%
Alagoas 2,377.0 13,547.0 15,573.0 2,026.0 14.96%
Amapá 805.0 1,984.0 2,373.0 389.0 19.61%
Amazonas 2,974.0 10,431.0 14,955.0 4,524.0 43.37%
Bahia 8,790.0 54,916.0 65,857.0 10,941.0 19.92%
Ceará 9,850.0 31,407.0 43,419.0 12,012.0 38.25%
Distrito Federal 3,971.0 11,405.0 14,786.0 3,381.0 29.64%
Espírito Santo 5,397.0 18,799.0 22,877.0 4,078.0 21.69%
Goiás 7,250.0 24,579.0 31,121.0 6,542.0 26.62%
Maranhão 2,778.0 15,166.0 20,774.0 5,608.0 36.98%
Mato Grosso 3,162.0 11,009.0 14,676.0 3,667.0 33.31%
Mato Grosso do Sul 2,438.0 12,523.0 14,535.0 2,012.0 16.07%
Minas Gerais 14,443.0 97,034.0 114,389.0 17,355.0 17.89%
Pará 5,464.0 18,687.0 24,924.0 6,237.0 33.38%
Paraíba 3,100.0 20,293.0 22,436.0 2,143.0 10.56%
Paraná 9,907.0 52,960.0 58,483.0 5,523.0 10.43%
Pernambuco 7,747.0 47,545.0 56,808.0 9,263.0 19.48%
Piauí 1,687.0 10,242.0 10,789.0 547.0 5.34%
Rio de Janeiro 28,409.0 111,674.0 137,554.0 25,880.0 23.17%
Rio Grande do Norte 2,308.0 12,671.0 14,255.0 1,584.0 12.50%
Rio Grande do Sul 9,387.0 68,960.0 71,929.0 2,969.0 4.31%
Rondônia 1,493.0 5,666.0 7,011.0 1,345.0 23.74%
Roraima 684.0 1,827.0 2,291.0 464.0 25.40%
Santa Catarina 5,469.0 31,383.0 35,705.0 4,322.0 13.77%
São Paulo 51,944.0 246,017.0 285,841.0 39,824.0 16.19%
Sergipe 2,123.0 8,993.0 10,469.0 1,476.0 16.41%
Tocantins 890.0 4,122.0 4,828.0 706.0 17.13%
Total 195,652.0 946,722.0 1,122,173.0 175,451.0 18.53%
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depletion in the number of oxygen tanks, which is necessary 
to ventilate patients (MSF 2021).

In relation to the Northeast region of Brazil, the states 
of Alagoas (14.96%), Ceará (38.25%), Maranhão (36.98%), 
Pernambuco (19.48%), and Bahia (19.92%) reported the 
highest increase in the number of deaths (Table 6). Accord-
ing to Fiocruz Pernambuco (2020), there is a higher inci-
dence of deaths in the North and Northeastern Brazilian 
states and, as regions of low socioeconomic development, 
the effects of the disease were more devastating.

A history of the spread of COVID-19 in Brazil considers 
that the disease reached the country in more developed areas, 
due to the fact that SARS-CoV-2 was introduced by travel-
ers who circulated in China, Europe, and the US. As the 
disease progressed to the interior of the states and reached 
poorer regions, the impact of the disease on the population 
increased (Fiocruz Pernambuco 2020). Also, according to 
data from this Brazilian health institution (Fiocruz Pernam-
buco), the Northern and Northeastern regions of Brazil, 
which have the lowest socioeconomic development in the 
country, were the most negatively impacted by the disease 
and saw the greatest socioeconomic problems. These data 
are corroborated by Iqbal et al. (2020), where the authors 
state that the most important factor to be considered in 
containing the spread of the disease in the Wuhan region 
(China) was the socioeconomic factor.

The Southeast is the region with the highest number of 
deaths (Table 6) and the highest population density in the 
country. The state of São Paulo and its capital were already 
considered the epicenter of the disease in Brazil (Calmon 
2020; El País, 2020). However, Manaus, the capital of the 
state of Amazonas, is now considered the main region of 
COVID-19 in Brazil (MSF 2021).

The concern over the increase in the number of COVID-
19 cases identified in Manaus (Amazonas state—Brazil), 
until November 2020, intensified even more after the emer-
gence in the region of a new variant, called VOCP.1 (Vari-
ant Of Concern P.1). This new variant, which appeared at 
the end of December 2020 (identified in January 2021), 

was responsible for the second wave of cases of the dis-
ease, causing collapse both to the healthcare system and 
hospitals in the region of Manaus. This new SARS-CoV-2 
variant presents important mutations that make the virus 
more transmissible (superior to other strains, with higher 
risks of reinfection) and more aggressive, as the worsening 
in patients’ symptoms is faster (Singanayagam et al. 2020; 
Faria et al. 2021). For this reason, Brazil today stands out 
on the world stage as being the new worldwide epicenter of 
the dissemination of SARS-CoV-2 VOCP.1.

The SARS-CoV-2 VOCP.1 variant spread rapidly 
throughout Brazil, reaching 17 of the 27 Brazilian states 
(CNN 2021). The World Health Organization (WHO 2021) 
stated in its epidemiological report on COVID-19 that the 
Manaus variant has already reached eight countries (Bra-
zil, Japan, United States, United Kingdom, Italy, Germany, 
South Korea, and Ireland). Thus, SARS-CoV-2 VOCP.1 
is today one of the biggest global concerns in relation to 
COVID-19.

Management of bodies and transmission 
of SARS‑CoV‑2 after death

Transmission of infectious diseases can occur during the 
handling of bodies and also through contact with contami-
nated hospital equipment, especially when there are no 
properly trained personnel or personal protective equipment 
(PPE) is absent or inadequate (Calmon 2020).

Although the lethality of SARS-CoV-2 is low (on average 
3.0 to 4.0%) (Fineschi et al. 2020; WHO 2020a) for doc-
tors and other health professionals, since they are exposed 
to a higher viral load, they are more subject to the risks 
associated with this etiologic agent. For this reason, these 
professionals must strictly follow self-protection recommen-
dations to avoid contamination. Due to the ease with which 
the disease spreads, the World Health Organization (WHO 
2020a) released basic guidelines for the proper management 
of those who died from COVID-19.

Table 7   Deaths recorded in 
each Brazilian geographic 
region, from March 16 to 
September 15, for the years 
2019 and 2020

Source: Central de Informações do Registro Civil—CRC Nacional, Brazil (Arpen 2021)

Region Deaths

2019 2020 Variation

Total Other COVID-19 Total

North 45,599.0 46,782.0 13,115.0 59,897.0 31.36%
Northeast 214,780.0 219,620.0 40,760.0 260,380.0 21.23%
Midwest 59,516.0 58,297.0 16,821.0 75,118.0 26.21%
Southeast 473,524.0 460,468.0 100,193.0 560,661.0 18.40%
South 153,303.0 141,354.0 24,763.0 166,117.0 8.36%
Total 946,722.0 926,521.0 195,652.0 1,122,173.0 18.53%
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The WHO document provides instructions for handling 
the bodies of COVID-19 victims in order to prevent leakage 
of body fluids and the spread of the virus. In Brazil, the bod-
ies that will be transported for burial or cremation must have 
all orifices sealed, must be covered with fabric (sheets), and 
be placed in an appropriate waterproof bag. Then, a second 
bag must be used after be cleaned with 70% ethanol, a chlo-
rinated solution (0.5 to 1.0%), or with some other sanitizer 
authorized by ANVISA, the Brazilian health surveillance 
agency (Brasil 2020) . The WHO guidelines do not require 
the use of impervious bags for the corpses of COVID-19 
but recommend them only in cases of excessive leakage of 
bodily fluids or in the absence of refrigerated morgues, and 
especially in countries with hot weather. A second bag is 
only recommended if burial exceeds 24 h after death or if 
burial or cremation cannot occur within the next 24 to 48 h 
(WHO 2020b). Even with all the added precautions for the 
proper transport of the dead by SARS-CoV-2, another prob-
lem that can aggravate the spread of the disease occurs when 
the cause of death is documented with unknown origin, due 
to the delay in testing to confirm the infection. This lack of 
information compromises the performance of adequate body 
management procedures and increases the risk of contamina-
tion of personnel who manage these deaths (Calmon 2020).

Other publications have released relevant policies and 
some suggestions for safety protocols involving Covid-19, 
with information and detailed guidelines for professionals 
involved in handling the bodies of people with suspected or 
proven cause of death as COVID-19 (Finegan et al. 2020; 
Fineschi et al. 2020). However, in addition to the concern 
for the health of these people, the increase in the number of 
deaths and, consequently, burials, is concerning for public 
and environmental health.

In Brazil, more specifically in the state of Amazonas, 
6,268 deaths were recorded between April, May, and June 
2020, whose bodies were either buried or cremated. Of the 
5,246 burials (83.6% of those killed), 2,435 occurred in 
April, 1,899 in May, and 912 in June. The number of buri-
als recorded for the same period in 2019 was 871 for April, 
860 for May, and 842 for June, totaling 2,573 deaths for the 
same period. Comparing the data from these two years, it 
can be seen that, in 2020, there was an increase of 179.5%, 
120.8%, and 8.31%, for the months of April, May, and June, 
respectively (D24AM 2020). In Cuiabá, the Brazilian state 
of Mato Grosso, a daily average of 20 burials was recorded 
in 2020, an increase of 300.0% when compared to the values ​
recorded in the same period of 2019 (Garcia 2020).

As previously mentioned, viruses have a high capacity for 
survival, mobility, and contamination. In the case of SARS-
CoV-2, professionals working in cemeteries must follow the 
same biosafety rules against infectious diseases adopted in 
hospital environments (Nascimento 2020). Since the time 
that the virus can remain in the corpse is uncertain, there is 

a potential risk of contamination for both the family of the 
deceased and for the agents of the funeral services (Neckel 
et al. 2017).

According to Finegan et al. (2020), burial in individual 
graves is the best strategy to be adopted for the disposal of 
the bodies affected by COVID-19, taking into account the 
care described above to avoid carrying remnants of decom-
position of the bodies to groundwater. In addition, if the 
family opts for the exhumation process, the professionals 
involved in this process must follow the necessary care, from 
the preparation of the body to the correct disposal of waste 
(Neckel et al. 2017). Many other guidelines exist for the 
transport, handling, and preparation of bodies, as well as the 
use of PPE that enhance the protection of professionals and 
can be found in the manual prepared by the Pan American 
Health Organization, in collaboration with the International 
Committee of the Red Cross (Cordner et al. 2016).

Due to the high number of deaths by COVID-19 in the 
world, it is necessary to pay more attention to the correct 
handling and disposal of the bodies affected by the virus, as 
well as to ensure the adequacy of cemetery facilities, so that 
these environments are in compliance with public health and 
environmental quality laws.

Final considerations

The cadaveric decomposition generates a liquid with 
toxic potential, called the “colliquation” or cemetery lea-
chate product, which impacts both human health and the 
environment.

Cemetery leachate is a viscous liquid with a brownish-
gray color and a strong odor, composed of 60% water, 30% 
mineral salts, and 10% organic substances. Among the 
inorganic compounds of the cemetery leachate are ions of 
nitrogen, phosphorus, Cl, HCO3−, Ca2+, Na+ and metal-
lic compounds of Ti, Cr, Cd, Pb, Fe, Mn, Ni. Among the 
organic compounds are biogenic amines, such as cadaverine 
and putrescine, which are toxic substances and potentially 
carcinogenic. The cemetery leachate still contains a range 
of microorganisms and viruses, which gives this liquid a 
worrying pathogenic potential.

Due to the liquid characteristic of the cemetery leachate, 
it can seep into the soil and carry with it both its chemical 
compounds and the biological agents present, thus contami-
nating, in addition to the soil, the ground and surface waters 
of the region impacted by its presence.

Environmental contamination resulting from the cadaver-
ous decomposition that takes place in cemeteries can lead 
to considerable impacts in the most diverse environmental 
networks, and also to serious risks to human health.

Due to the high number of deaths resulting from the nega-
tive effects of the COVID-19 pandemic; the dangers that 
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decomposing bodies pose to the contamination of soils and 
water resources; and the possible transfer of pathogens from 
cadavers, such as viruses and bacteria, to the environment, 
the importance of strictly following the pre-established pro-
tocols and procedures for the burial of bodies contaminated 
with COVID- 19, and to assess the infrastructural conditions 
of the cemetery environments that are receiving this large 
number of victims of this pandemic. These precautions are 
essential to prevent contamination in the work environment 
and ensure the health of employees, visitors, and the popula-
tion residing in the vicinity of these environments, or even 
people who make use of groundwater for subsistence, with 
the possibility of contamination resulting from leaching that 
occurs in cemeteries.
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