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Covid-19 is proving to be an unprecedented disaster for human health, social contacts and the economy worldwide.
It is evident that SARS-CoV-2 may spread through municipal solid waste (MSW), if collected, bagged, handled,
transported or disposed of inappropriately. Under the stress placed by the current pandemic on the sanitary
performance across all MSW management (MSWM) chains, this industry needs to re-examine its infrastructure
resilience with respect to all processes, from waste identification, classification, collection, separation, storage,
transportation, recycling, treatment and disposal. The current paper provides an overview of the severe challenges
placed by Covid-19 onto MSW systems, highlighting the essential role of waste management in public health
protection during the ongoing pandemic. It also discusses the measures issued by various international organisations
and countries for the protection of MSWM employees (MSWEs), identifying gaps, especially for developing
countries, where personal protection equipment and clear guidelines to MSWEs may not have been provided, and
the general public may not be well informed. In countries with high recycling rates of MSW, the need to protect
MSWEs’ health has affected the supply stream of the recycling industry. The article concludes with recommendations
for the MSW industry operating under public health crisis conditions.
Introduction
The explosive growth of the world’s population in the last
century, which is crowded in high-density cities; the difficulty in
managing solid and liquid waste, the quantities of which keep
on increasing despite all recycling efforts (Eurostat, 2020a;
US EPA, 2014); and the pollution of many of the planet’s
systems, among others, make for a dangerous mixture of
conditions for the humankind in the case of epidemics and
pandemics. Furthermore, climate change is expected to influence
the seasonal and geographic distribution of vector-borne diseases,
217
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which does not bode well for virus-transmitted respiratory
diseases when this is combined with indications that a worsening
of allergic and asthmatic conditions is also expected to occur
(US National Academies of Sciences, Engineering, and Medicine,
2015). In a remarkable foresight related to the Covid-19
pandemic, one of the key findings of a 2015 US National
Academies of Sciences, Engineering, and Medicine report of the
impact of climate change on human health, was that ‘climate
change will interact with other driving factors (such as travel-
related exposures or evolutionary adaptation of invasive vectors
and pathogens) to influence the emergence or re-emergence of
vector-borne pathogens [High Confidence]’ (US National
Academies of Sciences, Engineering, and Medicine, 2015, Key
Finding 5, p. 20).

Thus, the current severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) has appeared as a highly pathogenic strain of
the newly emerged coronaviruses, following the SARS-CoV-1
and the Middle East respiratory syndrome (MERS-CoV)
coronaviruses in the past two decades (Li et al., 2005; WHO,
2019). Covid-19 was declared a pandemic by the WHO Director
General on 11 March 2020 (WHO, 2020a), and since then it has
initially created a health, and subsequently, an economic crisis
worldwide.

Municipal solid waste (MSW) has been recognised as a source of
(a) faecal coliform bacteria, salmonellae, human enteroviruses and
protozoan parasites, originating from human and pet faeces, as well
as human noroviruses, from biosolids derived from wastewater
treatment sludge (Gerba et al., 2011); (b) antibiotic-resistant bacteria,
which have been found in the ambient air downwind of waste-to-
energy (WtE) or landfill sites (Li et al., 2020); (c) Hepatitis B virus,
at a higher prevalence, relative to the general population, in MSW
218
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employees (MSWEs) due to their exposure to sharp objects in the
MSW stream (Ansari-Moghaddam et al., 2016; Corrao et al., 2013);
and (d) general health problems in MSWEs, which are exhibited
through respiratory symptoms, lung function impairments, infections
and inflammations, low haemoglobin and erythrocyte levels and so
on (Abdulah et al., 2020; Athanasiou et al., 2010; Keesstra et al.,
2016, 2018; Ray et al., 2005; Rodrigo-Comino et al., 2018; Visser
et al., 2019).

Kampf et al. (2020) compiled several studies on human
coronaviruses (HCoV), which indicated that these can remain
infectious on various surfaces (steel, aluminium, plastic, PVC,
ceramic, Teflon, metal, wood, glass and paper/cardboard (Duan
et al., 2003)), as well as on latex gloves and gowns (Lai et al.,
2005; Sizun et al., 2000) from 2 h to 9 days (Figure 1). Higher
temperatures decreased the duration of persistence. van Doremalen
et al. (2020) compared the aerosol and surface stability of SARS-
CoV-2 relative to SARS-CoV-1 and found that the new strain
exhibited similar stability to that of SARS-CoV-1 and, furthermore,
that ‘the virus can remain viable and infectious in aerosols for
hours and on surfaces up to days’. Evidence of SARS-CoV-2 RNA
has been found in faeces and blood (Xiao et al., 2020; Zhang et al.,
2020), and the sewage of several cities (Lodder and de Roda
Husman, 2020), thus indicating that it can enter the MSW stream.
In addition, a multitude of items, most prominently face masks and
gloves, and also several general use items, which have come into
contact with infected people, have been discarded and have become
part of the landfilled or incinerated MSW. Hence, the presence of
SARS-CoV-2 in MSW is a public health consideration for all
chains of the MSW industry (environmental authorities and
agencies; municipalities; MSW collection, transportation and
disposal companies; managers, engineers and MSWEs across the
whole spectrum of this industry’s activities, etc.).
Covid-19 positive
Stainless steel − 72 h

Persistence of SARS CoV-2

Plastic − 72 h

Copper − 4 h

Paper/cardboard − 24 h

Glass − 4 h

Gloves − 24 h

Figure 1. Resilience of SARS-CoV-2 on different surface (data were taken from Sharma et al. (2020), Suman et al. (2020) and van
Doremalen et al. (2020))
g, all rights reserved.
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It is evident that the Covid-19 pandemic may spread through
MSW, if collected, bagged, handled, transported or disposed of
inadequately (Mol and Caldas, 2020). It is pertinent therefore to
analyse (a) the types of MSW and high-risk areas in a city or a
region, where special measures must be implemented, for the
protection of MSWEs during collection and transportation of the
waste; (b) the potential temporary storage of infected MSW
(IMSW) during pandemics in order to alleviate the pressure on
medical incinerator facilities; (c) the upgrading of safety measures
in landfill and WtE operations; and (d) the updating of policies
and guidelines to safely manage MSW during pandemics.

The International Solid Waste Association (ISWA) has considered
three overall priorities for solid waste management (SWM) during
the Covid-19 pandemic: (a) ensure that the operation of recycling
services, treatment and disposal facilities will not get disrupted, and
no additional risks to the public health will be created by improper
management; (b) adjust recycling activities to avoid cross-
contamination and infections; and (c) ensure that healthcare and
medical waste (H&MW) will be safely treated and disposed of,
making sure there is no risk for further infections and pollution
(ISWA, 2020). Some of the common methods for inactivation of
pathogen(s) in solid waste (SW) are incineration, steam treatment
technologies (autoclaves and hydroclave), chemical (for small
quantities) and microwave treatment. On dealing with the safe
management of MSW during the Covid-19 pandemic, the issue of
increased quantities of H&MW during these times, of MSW cross-
contaminated by infected items and of the existence of sufficient
capacity in facilities that handle such waste is raised.

Under the stress placed by the current pandemic on the sanitary
performance across all SWM chains, this industry needs to re-
examine all processes involved, from waste identification,
classification, collection, separation, storage, transportation, recycling,
treatment and disposal, as well as its infrastructure resilience. The
 [ POLITECNICO DI TORINO] on [24/12/21]. Copyright © ICE Publishing, all
current article conducts a comprehensive review of current SWM
practices in order to assess potential weak links related to Covid-19
and to establish strategies for effective management during this and
future pandemics (Figure 2). Thus, the main aims of this paper are to
(a) critically review the information regarding the sources,
generation, collection and storage of IMSW under the existing SWM
system; (b) assess the technical capabilities of MSW-disposal
installations, in particular, for developing countries; (c) determine the
potential threats due to open dumping and landfilling of IMSW; and
(d) establish strategies and provide suggestions for effective SWM
during this and future pandemics.
SWM challenges during the Covid-19
pandemic

Sources, collection and transportation of infectious
MSW during Covid-19
The criticality of SWM to prevent the spread of diseases is well
established historically (Paleologos et al., 2020). This is more so
for developing countries, where managing MSW in a sanitary way
is limited in many cases to only 30–35% of the population, living
primarily in urban areas. Owing to the strong infectivity and
pathogenicity of SARS-CoV-2, this has brought many new
challenges to the SWM industry, and improving overall practices
across all the SWM chain is a crucial aspect to prevent and
control the pandemic (Tang et al., 2020). Figure 3 illustrates the
chains in the medical, household and street SWM systems, all of
which can constitute exposure routes and entry points of the virus
in the environment.

An important stream of SW is H&MW, which is primarily
categorised into non-hazardous and hazardous waste. In developing
nations, the respective quantities vary from 35 to 98.7% for the
non-hazardous component and from 1.3 to 65% for the hazardous
one, depending on socio-economic conditions and per capita gross
Dump Incineration Landfill Recycling

Covid-19 positive MSW? Waste logistic

Figure 2. Waste management strategies during this and future pandemics
219
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domestic product (Ansari et al., 2019; Costa et al., 2019). Hazardous
H&MW should be disposed of in medical incinerators, and if found
in MSW landfills, this is due to inappropriate disposal at general-
waste collection points or to unscrupulous contractors attempting to
take advantage of the difference in tipping fee between landfills and
incineration facilities.

SARS-CoV-2-contaminated H&MW may task the capacity of
available medical incinerators due to a large number of hospitalised
patients and the volume of infectious waste generated. On the other
hand, in some countries, such as the Czech Republic and Poland,
there has been an almost 90% decrease in the number of surgeries
during the pandemic, which may have led to a reduction in the
amount of H&MW there. Our analysis of the infectious medical waste
(MW) from a clinic in Poland showed that these had dropped during
the pandemic, which was related to the closure of multiple hospital
wards and the non-admittance of non-Covid-19 patients in the clinic.
Figure 4 summarises our data from this clinic and shows that
compared to the pre-Covid-19 conditions of February 2020, the mass
of waste decreased by about 4% in March, by over 37% in April and
by about 14% in May 2020. An increase in the amount of waste was
observed during the first days of June, resulting from partial
restoration of previously closed clinical wards and the admittance of
non-Covid-19 patients. This is likely to continue over the next months
with similar trends observed in other hospitals in Poland.

It is interesting to note that for this clinic in which Figure 4 shows a
decrease in the mass of MW, the corresponding volume during the
period of February to April 2020 remained constant, while it
increased significantly in May. This is due to the fact that the MW
during the months of this Covid-19 peak in Poland consisted
220
ed by [ POLITECNICO DI TORINO] on [24/12/21]. Copyright © ICE Publishin
primarily of disinfectant liquids, protective suits, disposable gloves
and other protective equipment against the infection, which occupy a
large volume relative to their weight. This relative increase in the
volumes of the MW generated during these months also resulted in a
rise in space requirements at the clinic, because according to Polish
regulations, MW generated during the Covid-19 pandemic needed to
be stored and isolated for at least 72 h on-site, before being
transported for recycling or incineration.

In many countries, there were regions without or very few
confirmed infected cases. In these instances, MSW can be treated
as usual, with normal working procedures. For areas where large
numbers of confirmed cases have been reported, trained crews,
disinfection of the MSW and special transportation routes may be
considered. At neighbourhoods with high numbers of infected
cases, this can be combined with targeted testing (Chandana et al.,
2020; Liu et al., 2020) of the fractions of waste that are most likely
to have the virus, such as used masks, gloves, tissue papers and
diapers in order not to unduly burden medical incinerators. In
certain countries, such as the UK, public health agencies have
recommended that all waste that has come into contact with self-
isolating individuals should be double-bagged, stored for 72 h and
only released to the general waste if the individuals’ test results
return as negative (Langley, 2020; ACR, 2020). In hot spot areas,
sealing refuse bags and disinfecting waste collection locations,
containers and vehicles after each collection event may be
considered. Handling of sealed MSW should be done with due care
to ensure that no MSWE exposure occurs during the process of
compaction (when rear-end loaders or portable compactors are used
for collection). For example, in Singapore, many of the
construction workers’ dormitories had been designated as
Medical waste

Collection

Segregation

Disinfection,
autoclave and

hydroclave

Thermal treatment
Biological
treatment

Segregation

Collection

Household and
street waste

Landfill

Leachate
Disposal/

reuse

Non-hazardous Hazardous

Ash
Disinfected

waste Disinfection

Recycling

Recycling

Remaining
waste

Figure 3. Potential entry points of infectious waste in the MSW management stream
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quarantine zones, and waste from these locations were delivered in
sealed refuse bags to the collection truck, thus ensuring that
MSWEs were not exposed to infected waste. The frequency of
waste collection from such areas had increased to up to three times
daily, in order to reduce the risk of infection.

During the Covid-19 pandemic, infected people self-isolating at
home generate pathogen-laden household items, which can result
in the contagion of the bulk of MSW. This can pose threats,
especially in cases where (a) collection is done by untrained/
unskilled personnel who do not take appropriate precautions,
 [ POLITECNICO DI TORINO] on [24/12/21]. Copyright © ICE Publishing, all
(b) inadequate number of bins exist in a neighbourhood (Odonkor
et al., 2020; Saadat et al., 2020), and (c) contaminated items, such
as masks, gloves and others, get to be thrown out in the streets
(Ritzkowski, 2020).

SARS-CoV-2-contaminated waste may pose health hazards
especially to MSWEs, who may be exposed to contaminated
bioaerosols (Carducci et al., 2013; Tian et al., 2020) and items
from infected people. In several European countries, MSW rules
during the pandemic differentiate between the collection and
treatment of items coming from households with infectious cases
Generation Sorting at home Collection Treatment

Mixed waste
2 or more bags

Business as usual or
2 or more bags

Business as usual 

72 h wait
before collection

Landfill

Incinerator

Resource recovery

Mixed waste

Figure 5. MSW practices during the Covid-19 crisis in March 2020 (Modified from ACR (2020))
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Figure 4. Medical waste generated by a clinic in Poland during the 2020 months of the Covid-19 spread
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and from the general population (Figure 5). In developed
countries, public space disinfection, broad distribution of free
sanitisers and strict guidelines and procedures make the spread of
infection to MSWEs extremely low, if sufficient care is exercised
by them. Thus, the ISWA has issued a number of measures to be
taken by MSWEs during the pandemic, including the following:
using face and eye protection and puncture-resistant gloves,
wearing disposal gloves under the work gloves, changing daily
uniforms and work shoes and washing them above 60°C,
avoiding any contact with residents during the collection process,
having disinfectants in every collection vehicle, sanitising the
driver’s cab after each work cycle and also applying all rules
applicable to the general public, such as social distancing and
frequent handwashing (Mavropoulos, 2020). Many countries,
recognising the important role of MSWEs, have provided them a
‘key worker’ status, for example, in the UK, educational and care
provision benefits are provided to their children during the
pandemic (Langley, 2020).

In the USA, the Occupational Safety and Health Administration
(OSHA) has assessed as low risk the activities that are associated
with handling municipal and recyclable waste, as well as the
equipment maintenance in the waste and recycling industry.
Handling waste from healthcare facilities that have treated Covid-
19 patients is classified by OSHA as medium risk (OSHA, 2020).
This risk level assessment in the USA is related to the fact that
MSWEs there are provided with personal protection equipment
(PPE), and detailed administrative and engineering controls and
safe work practices exist, which must be followed throughout the
SWM industry’s chains.

Treatment and monitoring of virus-contaminated waste
At medical facilities, infectious and pathological wastes are
required to be stored separately from other hazardous waste, at
temperatures no higher than 8°C, to slow down or prevent their
decomposition. If refrigeration is not available, storage times
should not exceed 24 h during the hot seasons and 48 h during the
cold seasons, in warm climates, with these times extending to
48 h and 72 h, respectively, in temperate climates. Currently, there
are generally two main disposal methods for MSW contaminated
by viruses (Tang et al., 2020): (a) conventional treatment
methods, such as disinfection, microwave, sterilisation and safe
landfilling and (b) high-temperature treatment methods, such as
incineration, pyrolysis and gasification. Some promising
innovative technologies exist, such as the arc plasma technology,
222
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where temperatures over several thousand degrees Celsius are
achieved. However, presently, these are restricted to a few
facilities worldwide (Bratsev et al., 2006).

For infectious waste, treatment technologies should be able to
achieve inactivation of vegetative bacteria, fungi, lipophilic/
hydrophilic viruses, parasites and mycobacterium at a 6 log10
(99.9999%) reduction, or greater (Bagchi, 2004). Furthermore,
inactivation of Geobacillus stearothermophilus and Bacillus
atrophaeus spores should be at a 4 log10 (99.99%) reduction, or
higher (Bagchi, 2004). Table 1 provides an overview of the
approved disposal methods suitable for infectious and
pathological wastes. As it is evident from Table 1, for infectious
waste, incineration, chemical (for small quantities), autoclave (at
gauge pressure between 100 and 200 kPa) and microwave are the
recommended treatment methods. Shredding of SW before or
during disinfection is necessary to ensure good contact between
the disinfectant and the waste particle surfaces, and this should be
done in a closed system to avoid the release of pathogens/viruses
into the atmosphere. Microwave units with internal shredders can
theoretically be used for pathological waste, which is equivalent
to hybrid autoclaves and continuous steam treatment systems with
internal shredders. Although microwave and disinfection methods
can kill bacteria and other microorganisms, their capacity and
reduction effect need to be further investigated.

In some countries, during the Covid-19 pandemic, due to
the volume of contaminated or suspected to have been
contaminated MSW and MW, and the small number of medical
incineration facilities existing, regular WtE plants may be used. In
such cases, because waste is dumped into waste bunkers that are
kept at negative pressures, the likelihood of the Covid-19 virus
spreading out from the bunkers is negligible. Nevertheless, due
care should be exercised to ensure no major maintenance
activities are carried out in the waste bunkers during the
pandemic.

Municipalities in developing countries or those having low
budgets for MSW have relied on landfilling rather than WtE
because of the lack of national or local policies that would provide
incentives for transitioning to the more costly WtE treatment
technologies relative to landfilling, and/or the high percentage of
organic matter (OM) with high moisture content in their MSW
stream (Datta et al., 2018; Ma et al., 2020; Paleologos et al., 2018;
Saadat et al., 2020; Siddiqi et al., 2020). Owing to these
Table 1. Treatment technologies for infectious and pathological wastes (UNEP Basel Convention, 2020)
Waste
category
Incineration using best available
techniques (BAT)
Chemical
disinfection
Autoclave
g,
Microwave
 all rights rese
Encapsulation
rved.
Specially
engineered
landfill
Discharge to
sewer systems
Infectious
waste
Yes
 Small
quantities
Yes
 Yes
 No
 No
 Only urine and
faeces
Pathological
waste
Yes
 No
 No
 No
 No
 No
 No
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challenges, thermal treatment does not usually exist in many
developing nations, and biological treatment (composting,
anaerobic digestion and bioreactor landfills) of MSW is prevalent
(Chembukavu et al., 2019). In the absence of thermal treatment, or
when the amount of H&MW generated during a pandemic is much
more than medical incineration facilities can cope with, sanitary
landfills become an even more important aspect of SWM. The
existence of IMSW in the general MSW stream has the potential to
contaminate the environment, the air and rodents or birds that may
be attracted, between the time of MSW disposal and the clay cover
deposition at the end of a working day. To avoid such
eventualities, MSW from known hot spots may be disinfected. In
developing countries, heat treatment at approximately 60°C for
over a 15min duration would be a prudent option to inactivate the
virus (Wang et al., 2020; WHO, 2020b).

In regions where WtE plants are not available, one possible
solution for the disposal of IMSW can be to collaborate with
neighbouring municipalities that may have both a low volume of
IMSW and some form of heat treatment available. If no thermal
treatment option exists, then IMSW may be buried in landfills,
ensuring that MSWEs are not exposed during handling and waste
is covered by clay at more frequent intervals than the once-a-day
normal procedure. The rapid increase of SW during the pandemic
has burdened many disposal sites, some of which were already
operating at design capacity. For example, the landfill in
Changsha, the capital of Hunan Province, China, which began
operation in 2003 had already exceeded, prior to Covid-19, its
design elevation. Yu and Dhong (2020) estimated that in the past
years in China, MSW generation rose by about 40%, from about
154Mt in 2008 to 215Mt in 2017. Although China has set a
target to increase its incineration rate in the next 5 years by more
than 50%, the majority of the cities there will still be served by
landfills.

For cities/regions where the capacity of landfills and WtE plants
proves to be insufficient during the pandemic, possible solutions
include the following: (a) temporary storage sites can be
constructed, where IMSW can be stored in sealed containers after
disinfection, with technical specifications put in place to address
health- and environmental-related problems; (b) IMSW collection
and disposal procedures can be incremental based on health risk
level, viral load and type of waste per area; (c) specific sites or
facilities, such as abandoned quarries/pits, industrial kilns and
cement factories, may be used as standby facilities for IMSW
disposal during emergencies; and (d) promoting public awareness
campaigns about the importance of disposing IMSW separately
from regular household waste.

For IMSW disposed of in landfills during the pandemic, waste
should be unloaded as close as possible to a landfill cell that has,
perhaps, been designated only for IMSW, thereby avoiding this
waste from being mixed with general MSW. In this context, the
specifications of liner and cover materials used in landfills exist
that minimise global, superficial, sliding, rolling, puncher and
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pull-out failures and settlement of all components (e.g., Long
et al., 1993; Oweis, 1993; Zamiskie et al., 1994). At the same
time, for the acceptance of IMSW in landfills during emergencies,
geosynthetic clay liners (GCLs) with leakage detection systems
may be installed that would allow monitoring liner and cover
system performance. The leachate of landfills accepting IMSW
during the pandemic should be carefully processed to avoid
aerosol formation during aeration or flushing in the leachate
treatment plant. Recent studies (Liu et al., 2020) have reported
the presence of SARS-CoV-2 in aerosols. It may even be prudent
to disinfect leachate from such landfills by employing one of the
standard methods of conventional disinfection (Wang et al., 2020)
or other appropriate techniques, such as solar water disinfection
and photocatalytic agents (zinc oxide (ZnO), zinc oxide(1−)
(ZnO–), silver (Ag)–zinc oxide nanoparticles) (Danwittayakul
et al., 2020), carefully chosen to avoid corrosion of leachate
transmission lines. Cohesive soil liners or cut-off walls may be
employed to protect the environment from hazardous substances
emanating from landfills with leachate (Koda and Osinski, 2017;
Vaverková, 2019; Vaverková and Adamcová, 2014). As an
example, cut-off walls were implemented at an old embankment-
type landfill in Poland, which lacked contamination protective
systems, resulting in improvements in groundwater quality (Koda
et al., 2013, 2016).

At the same time, more advanced modelling studies should be
conducted to investigate plume evolution in order to assess the
probability of groundwater contamination (Lerche and Paleologos,
2001; Singh, 2019). It must be borne in mind that depending on a
number of factors that include the heterogeneity of the subsurface
environment, the nature and quantity of the contaminants, the
location of the cell where leakage has occurred, the design of the
monitoring well network and the frequency of sampling, detection
of the contamination may not be achieved through the samples
taken at the monitoring wells (Papapetridis and Paleologos, 2011a,
2012). Figure 6, from Papapetridis and Paleologos (2011b),
indicates a strong dependence of the probability of detection, Pd,
on the frequency of sampling and the number of monitoring wells
in heterogeneous subsurface media (variance of ln K is equal to 1,
where K is the hydraulic conductivity, and the transverse
dispersivity, aT, equalled to 0.2 m). One should notice that for the
regular sampling frequency, for example, recommended by the US
EPA of once every 6 months, even for an extensive number of
monitoring wells, such as the 20 wells shown in Figure 6, and at
optimised distances from a landfill, the probability to observe a
leakage from a landfill cell may be close to only 50%.

Factors affecting virus migration and
activation in environmental media
The assessment of risk to human health due to virus migration
through the bottom lining systems of modern landfills, which
comprise a synthetic geomembrane (GM) layer overlying a low-
permeability mineral layer that, in turn, consists of a compacted
clay liner (CCL) or a GCL, requires modelling of pathogen
transport through the engineered barriers and the underlying
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aquifers (Mohamed and Paleologos, 2017). This would aim to
predict virus concentrations in the groundwater at specified
compliance points downstream of a landfill (Dominijanni and
Manassero, 2019; Guarena et al., 2020). While virus migration
through the GM layer of a composite liner is governed by the
same mechanisms of inorganic chemicals, as the relatively wide
dimensions of viruses cause an extremely slow diffusion, if any at
all, through polymer-based barriers with preferential transport
pathways via GM layer defects (Shackelford, 2014), modelling
virus migration requires the physico-chemical interactions that
occur between the pathogen and the soil particles at the pore scale
to be taken into account.

Viruses may undergo inactivation even before interacting with the
clay barrier, as specific viral components that are required for
infection, such as the nucleic acid core and the outer protein
capsid, on which the host-recognition sites are located, are
naturally subjected to degradation. Moreover, the leachate itself
may pose a harsh environment for the survival of viruses, as the
aforementioned mechanisms of viral inactivation are accelerated
upon an increase in temperature and a deviation from pH neutral
conditions. The microbially mediated consumption of the OM
determines the release of energy in the form of heat and the
generation of volatile organic acids, which are responsible for the
relatively low pH during the early MSW decomposition stages
(Chen et al., 2019). For instance, based on the results of an
experimental study aimed at measuring the survival of H6N2
avian influenza virus, Graiver et al. (2009) calculated the
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persistence times within the methanogenic landfill leachate, which
ranged from approximately 30 days to more than 600 days, and
asserted that the decay in the concentration of the infectious virus
could be modelled as a first-order reaction.

When pollutant transport through the clay barrier is considered,
the ability of viruses to be reversibly adsorbed on clay particles
should be accounted for in mass balance equations between liquid
and solid phases. Such attachment and detachment phenomena are
governed by electrostatic forces, as the protein capsid of viruses
carries a net electrical charge due to the ionisation of carboxyl,
amino and other functional groups (Harvey and Ryan, 2004). The
virus’ net electrical charge strongly depends on the pH of the pore
solution, and, therefore, it is characterised by an isoelectric point
(pI) – that is, the pH value at which the net electrical charge
results to be null. Above the pI, the number of deprotonated
carboxyl groups exceeds the number of protonated amino groups
and the sign of the virus surface charge is negative, whereas the
opposite situation is encountered below the pI value. Based on
the typical values that are assumed by pI, which usually falls in
the 3.5 to 7 range (Michen and Graule, 2010), viruses are
negatively charged under neutral conditions. This result is
confirmed for SARS-CoV-2 by the measurement of a relatively
high value of pI, equal to about 6.2, reported by Calligari et al.
(2020). Because clay particles are also characterised by a negative
charge under neutral conditions, the system would remain stable
and unfavourable to pathogen adsorption, unless there is an
increase in the electrolyte concentration (Sadeghi et al., 2011) or
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the electrochemical valence of the cationic species that are
dissolved in the pore solution (Sadeghi et al., 2013). These
conditions would cause a compression of the diffuse double layer
and a reduction in the electrostatic repulsive forces between
mineral surfaces and viruses, enabling them to approach each
other as a result of the overwhelming van der Waals forces
(Syngouna and Chrysikopoulos, 2010; Theng, 2012).

The adsorption process described above should not be regarded as
providing the definitive conditions for complete immobilisation of
the virus within the clay barrier, since a perturbation in the
chemical composition of the permeating solution (e.g. decrease in
the ionic strength) can lead to fast detachment of the adsorbed
pathogens. These complexities make quantification of the
pathogens’ survival when attached to geologic media uncertain –

that is, whether their inactivation rate is decreased or increased
with respect to free-solution conditions.

Inactivation of viruses is slowed when they get attached to porous
media with a high content of clay minerals (Harvey and Ryan,
2004). In contrast, inactivation increases when viruses are
adsorbed on coarse-grained soils with a high content of iron and
aluminium oxides, due to an alkaline pI (Straub et al., 1992). In
the former case, both adsorbate and adsorbent carry a net negative
electrical charge, and thus, the interaction forces are relatively
weak. In such a case, the pleomorphic structure of many viruses
allows deformation of the protein capsid to take place, in order to
adapt to the clay particle surface. This mechanism provides high
mechanical stability, preserving the integrity and infectiousness of
a virus for a longer time than under free-solution conditions
(Block et al., 2016). In the latter case, the net electrical charges
that are carried by adsorbate and adsorbent have an opposite sign
under near-neutral conditions, so that the virus and the mineral
surface are held together by strong electrostatic attractive forces,
leading to a disruption of the virus structure and its inactivation.

However, an inversion in the sign of the virus’ net electrical
charge can take place under slight pH perturbations in the acidic
side, which might be encountered in landfills during the initial
phase of anaerobic digestion of the OM. Under such conditions,
as the intersurface potential energy becomes negative (attractive),
an enhanced virus uptake and an increased inactivation rate are
expected to occur in contact with clay minerals (McLaren and
Peterson, 1965). These favourable conditions for virus adsorption
and degradation on the clay particle surface are further enhanced
in the case of use of GCLs in the place of CCLs within composite
liners. This is due to (a) the presence of montmorillonite, which is
able to maintain an approximately stable negative net electrical
charge at low pH values, and (b) the high cation exchange
capacity (CEC ≈ 100 meq/100 g) and high specific surface area
(SSA ≈ 750 m2/g) of the montmorillonite, as compared to the
kaolinite (CEC ≈ 5 meq/100 g; SSA ≈ 15 m2/g) (Lipson and
Stotzky, 1983; Theng, 2012). It is noted that the design of CCLs
could be optimised for the improvement in containment
performance against SARS-CoV-2 (adsorption and inactivation
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capacity) through the addition of amended sandy soils with a high
pI, such as magnetite sands (Moore et al., 1981, 1982). Care
should be given to the overall hydraulic conductivity of the mix
design to limit leachate transport in the subsurface environment.

A literature review of the factors affecting adsorption of viruses in
soils (Kimura et al., 2008) reveals that adsorption follows either
the Freundlich or Langmuir isotherm (Moore et al., 1981) with a
number of factors affecting the survival and migration of viruses
in groundwater. These include temperature, soil texture, moisture,
OM, pH, cation presence, clay type and content, aerobicity, and
heavy metals and acid pollutants (Keswick and Gerba, 1980;
Kimura et al., 2008). A number of studies have shown that
temperature correlated significantly with the decay rates of several
viruses, with lower temperatures resulting in longer periods of
survival, probably because of lower viral activity, and hence,
reduction in the decomposition and inactivation of viruses
(Leonardopoulos et al., 1996; Yates et al., 1985). The influence of
soil texture, clay type and content, and pH on the binding force
between viruses and soils have been discussed extensively above.
Adsorption of viruses to clay particles becomes more pronounced
under higher ionic strengths because these reduce the
electrokinetic potential of both clay and virus particles, whereas
viral association with colloidal and particulate matter prolongs the
survival and infectivity of viruses (Kimura et al., 2008; Toyoda
et al., 1991). OM (both soil-associated and dissolved) weakens
the electrostatic bonding between viruses and soils (Kimura et al.,
2008). Although viruses get efficiently adsorbed in soils, they can
migrate distantly in horizontal and vertical directions and pollute
surface water and groundwater bodies. Soil drying has been seen
to affect virus inactivation significantly below a certain moisture
content with evaporation being the main virucidal factor (Yeager
and O’Brien, 1979a, 1979b). According to Kimura et al. (2008),
there had not been any studies until 2008 to assess the
mechanisms of toxicity of heavy metals and acid pollutants to
viruses in soils.

Finally, the development of a theoretical model capable of
simulating the movement of viruses through clay-based barriers
should account for the typical dimensions of the concerned
pathogen. The diameter of SARS-CoV-2 is ≈120 nm, which is of
the same order of magnitude as the width (few tenths to several
hundreds of nanometre) of the conductive pores (i.e. the void
space wherein the transport of solvent and solutes takes place) of
the GCL bentonite layer (Manassero, 2020). Furthermore, many
experimental studies have shown that the transport of inorganic
electrolytes through montmorillonite-rich clay soils is partially
restricted due to the repulsive electrical forces that arise between
anionic species and the negatively charged clay particles
(Dominijanni et al., 2018; Mohamed and Paleologos, 2017;
Musso et al., 2017). Because of the above, GCLs are expected to
behave as semipermeable membranes for negatively charged
viruses as a result of two different concurrent mechanisms: (a) a
steric hindrance, whereby the narrower bentonite pores are not
accessible by large-sized pathogens, and (b) an electrical
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hindrance, whereby the wider bentonite pores can also impose
some restriction to the pathogen migration because of the
overlapping of the diffuse-ion swarms.

Policies and guidelines, and recycling during
the Covid-19 pandemic
International organisations and countries have issued numerous
communiques and guidelines related to SWM services during the
pandemic. The European Commission (EC) 14 April 2020 (EC,
2020) provided the following guidance in terms of SW collection.
Paper tissue and face masks from infected people must be placed
immediately after use in a refuse bag that is inside the patient’s
room. The caregiver’s gloves and mask after each visit to the
patient must be placed in a separate bag, which must be located
outside of the patient’s room. Both bags must be individually tied
and inserted into a clean general-waste bag, never emptying their
contents into the latter. The general bag should be treated as
regular MSW and no special disposal or collection measures need
to be taken. In terms of healthcare facilities, the relevant law is the
European Directive 2008/98/EC on waste (European Parliament
and Council, 2008), as interpreted for the circumstances of the
pandemic by the European Centre for Disease Prevention and
Control (ECDC, 2020a) in various updates. The 13 May 2020
guidance by ECDC (2020a) recommended that those healthcare
facilities’ staff ‘engaged in environmental cleaning and WM
should wear a surgical mask, gloves, eye protection (visor or
goggles) and a gown’, and regular cleaning and disinfection of the
facilities, and in particular, of the patients’ rooms, should be
performed. The wastes generated should be regarded, during their
transportation, as infectious clinical waste Category B (UN3291:
clinical waste) (WHO, 2012), in terms of their packaging,
labelling and documentation requirements, and ECDC (2020b)
specialised these transportation regulations in the context of the
Covid-19 pandemic.

EU member states adapted the EC’s and ECDC’s recommendations
to their particular SWM industry’s characteristics (existence and
226
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capacity of WtE facilities, extent of recycling, etc.). Some European
countries faced problems related to their SWM industry during the
initial phase of the pandemic. This was due to the fact that they had
been exercising a very high level of recycling (Figure 7), which
during the pandemic conflicted the manual handling done along all
chains of the recycling industry with the need for protection of
employees since SARS-CoV-2 was found to survive on material
surfaces (van Doremalen et al., 2020). Although most recycling
facilities rely on automated operations (magnetic, mechanical and
optical methods) to separate various content for reuse, human
presence is needed for quality control and occasional manual sorting.
Thus, for example, in plastic recycling plants, workers must oversee
the operation of conveyor belts and manually remove unwanted
materials.

In Europe, some countries (Figure 7, based on the most recent EU
data (Eurostat, 2020b)), such as Belgium, had already met in 2013
the 50% recycling target for MSW set by the EU Waste
Framework Directive (EEA, 2013b) and had even set a target of
zero waste. Norway, one of the most advanced countries in SWM
in the world, had about 40% of its waste recycled, 50%
incinerated and only 6% ending in landfills (EEA, 2013a). In both
countries, it was found necessary during the initial stages of
Covid-19 to reduce the hours of operation of civil amenity sites
where individuals delivered their recyclable waste and ask the
public to store this waste at home or rent private waste containers
(ACR, 2020). Other European countries, such as Finland,
diverged from some of the guidelines of the EC (2020) and
instructed that waste from infected persons must be collected
separately from general waste.

In the USA, the Department of Transportation (US DOT, 2019)
does not classify SARS-associated coronavirus (SARS-CoV) as a
‘Category A’ infectious substance for humans or animals, but as a
US Department of Health and Human Services select agent.
‘Category A’ for transportation purposes, according to the WHO
(2012), is such substance(s) that ‘when exposure to it occurs, is
0

Ger
m

an
y

Slo
ve

nia

Aus
tri

a

Net
he

rla
nd

s

Be
lgi

um

Lit
hu

an
ia

Sw
itz

er
lan

d

Lu
xe

m
bu

rg

Den
m

ar
k

Ita
ly

Sw
ed

en

Unit
ed

 K
ing

do
m

Fra
nc

e

Fin
lan

d

Nor
way

10

20

30

40

50

60

70

Top European countries in % of MSW recycled

Figure 7. Eurostat 2018 data of the top 15 European countries in recycling rate of MSW
g, all rights reserved.



Environmental Geotechnics
Volume 8 Issue 3

Municipal solid waste management
under Covid-19: challenges and
recommendations
Vaverková, Paleologos, Dominijanni et al.

Downloaded by
capable of causing permanent disability, life-threatening or fatal
disease in otherwise healthy humans or animals’, and hence is
regulated as hazardous material. The US DOT and the US Centers
for Disease Control and Prevention (CDC) have provided
instructions to waste collectors and recyclers on shifts and space
rearrangement, social distancing between employees and hygiene
measures for personnel, vehicle and equipment (CDC, 2020).
Both entities have ascertained that current SWM practices in the
USA are adequate for protection of the health of MSWEs, and
SARS-CoV-2-contaminated MSW should be managed ‘like any
other non-contaminated municipal waste’ (ACR, 2020).

The risk of infection to employees has led supermarkets and
public recycling centres in many areas in California and
Massachusetts, USA, to suspend services of accepting and paying
for empty bottles and cans, thus reducing plastic and aluminium
recycling streams (Kaufman and Chasan, 2020). Several of these
recycled items, such as old tires (Junqueira et al., 2006) and
compressed polyethylene terephthalate bottles (Santos et al.,
2014; Silva and Palmeira, 2019; Vieira et al., 2016), had been
used in the construction of landfill’s components and geotechnical
works. Hence, interrupting recycling operations has both
increased the volume of discarded items and reduced landfills’
construction material.

Services in reselling or recycling discarded clothing are primarily
manual, with sorting done by pulling clothes from conveyors,
examining each clothing item individually and placing it in one of
many sorting bags (National Geographic, 2020). The current
pandemic has affected companies dealing with producing and
selling textiles from second-hand clothing and shoes, reducing
their operations significantly. However, some cities, such as New
York and Atlanta in the USA had continued usual recycling
activities. Recycling of raw material from masks (non-woven
fabrics), after proper collection and disinfection, may also be
considered for the creation of geosynthetics, filter cloth and
dustproof geotextile. This will alleviate the problem of exorbitant
waste from these items during the pandemic, which, for example,
in China, is predicted to produce about 162 000 t of mask-related
waste in 2020 (www.wasteinchina.com).

House-to-house collection of MSW (Botti et al., 2020) is the most
practised method in urban areas and rural communities of many
developing countries, with MSWEs being vulnerable to SARS-
CoV-2 infection. In India, the number of MSWEs is estimated to
lie between 1.5 and 4 million people (Bose and Bhattacharya,
2017). Waste pickers in some cities provide a door-to-door
collection service, not only gathering residential waste but also
separating it into recyclable fractions, which subsequently get
delivered to the recycling industry, thus supplementing their
income. These workers, who are indispensable for the SWM
system in India, are facing the dual threat of infection and
impoverishment. Their health is put at risk because of the
collection of waste from asymptomatic carriers or households that
do not follow the rules to segregate infected waste items and from
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the negligence of private waste contractors to supply them with
PPE. Their financial hardship has resulted from the fact that in
many cases, they are not covered by health insurance and that
Covid-19 has halted many recycling operations, thus significantly
reducing their income, which does not usually exceed US$170 per
month (Ajwani, 2020). Several local authorities in India have
stopped household collection of MSW from quarantined homes
during the period of isolation to reduce the threat of infection.
Thus, for example, the government of Madhya Pradesh and
Andhra Pradesh, India, has advised state municipalities to cease
collection from infected households. However, the lack of official
guidelines and the ambiguity in the length of the quarantine
period (being 14 days in some cases and 28 days in other cases)
may lead to failure of this strategy to contain the spread of
Covid-19.

Recommendations and conclusions
Waste collection is the initial stage of SWM with various systems
existing, such as curbside bins, pneumatic systems and door-to-
door collection. Future improvements in waste collection may
include minimisation of human contact with MSW by employing
automatic collection systems, such as pneumatic ones. The
widespread use of airtight degradable garbage bags should be
explored in biodegradable storage and sealing containers
(Adamcová and Vaverková, 2014; Adamcová et al., 2019).

Mobile waste incineration plants, such as those recently proposed
by Wajs et al. (2019) in Poland, may be considered for treating
IMSW directly at the collection sites of quarantined areas, thus
minimising the risk to MSWEs, the public and the environment.
The mobility of such devices reduces the risk of spreading
infectious substances during transportation, temporary storage and
other chains of centralised WtE systems. Ashes from waste and
sludge incineration can be used as additives to cements used in
construction (Rutkowska et al., 2018).

The pandemic has posed a challenge to currently available
sterilisation techniques, which frequently damage materials upon
sterilisation. The need for effective alternatives has driven
research to investigate the use of supercritical carbon dioxide
(scCO2) and other supercritical fluid technologies (Hrnčič et al.,
2020; Soares et al., 2019). Supercritical sterilisation appears to
have the potential not only to replace conventional techniques but
also to prove effective for sterilisation of sensitive materials
(Ribeiro et al., 2020).

Understanding bioaerosol generation and transport is extremely
important, especially for developing countries, many of which
still utilise open dumps, turning these into hotspots of
environmental and public health hazards (Garcia-Alcega et al.,
2020; Madhwal et al., 2020; Wei et al., 2019). Bioaerosols can
include viruses, bacteria, fungi spores, cysts of protozoa and
parasite eggs, and their release is facilitated by various activities
during waste collection, loading and unloading, transportation,
sorting, on-site and landfill compaction and coverage of MSW.
227
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Although the number of pathogens found in waste can be low,
depending on environmental conditions, these can survive for
days in the case of bacteria, for months as regards viruses or even
years in connection with helminth eggs (Breza-Boruta, 2016; Ray
et al., 2005). Therefore, more studies are required to establish the
life of viruses in anaerobic and aerobic conditions in landfills,
digesters and composting sites, as well as the distances that
airborne viruses can travel and remain active.

In terms of protecting MSWEs and reinforcing sanitary measures
across the MSW industry in developing countries, there exists a
large body of practices and guidelines from international entities,
such as the ISWA and WHO; European organisations, such as the
EC and the ECDC; US departments and agencies, such as the
Department of Labor’s OSHA, the DOT and the CDC; and
Chinese ministries, agencies and organisations (e.g., Chinese
Pharmaceutical Association, 2020), which provide valuable
information that can be consulted and used as blueprints for
improvements.

Finally, pandemic preparedness and response in the waste sector
should address issues such as (a) assessment of disinfectant and
chemical concentration levels in MSW during the Covid-19
pandemic; (b) effect of the disinfectants on the activities of
microorganisms in the leachate and during MSW decomposition,
as well as trihalomethane generation during OM degradation in
various biological treatments; (c) characteristics of the volatile
organic compounds generated during the heat treatment of IMSW;
(d) possible utilisation of disinfected/sterilised non-biodegradable
fractions of gloves, masks and protective equipment in composite
construction materials; (e) risk assessment of all the chains of the
MSW industry, identifying weak links and analysing the cost of
mitigation measures, as well as the social acceptance of such
interventions; and ( f ) identification of the mechanisms and factors
affecting virus transport and activation in landfill barrier material,
the soil and groundwater.
REFERENCES
Abdulah DM, Al-Dosky AHA and Mohammed AH (2020) Lead and zinc

exposure in the blood of workers in municipal waste management.
Environmental Science and Pollution Research 27(10): 11147–11154,
https://doi.org/10.1007/s11356-020-07722-7.

ACR (Association of Cities and Regions for Sustainable Resource
Development) (2020) Municipal Waste Management and COVID-19.
ACR+, Brussels, Belgium. See https://www.acrplus.org/en/municipal-
waste-management-covid-19 (accessed 21/09/2020).

Adamcová D and Vaverková MD (2014) Degradation of biodegradable/
degradable plastics in municipal solid-waste landfill. Polish Journal of
Environmental Studies 23(4): 1071–1078.

Adamcová D, Zloch J, Brtnický M and Vaverková MD (2019)
Biodegradation/disintegration of selected range of polymers: impact on
the compost quality. Journal of Polymers and the Environment 27:
892–899, https://doi.org/10.1007/s10924-019-01393-3.

Ajwani R (2020) COVID Crisis could worsen until waste-workers get PPE &
Insurance. The Quint, 1 June. See https://www.thequint.com/voices/
opinion/solid-waste-management-biomedical-waste-covid-infection-crisis-
health-disaster-waste-pickers-protection (accessed 03/06/2020).
228
ed by [ POLITECNICO DI TORINO] on [24/12/21]. Copyright © ICE Publishin
Ansari M, Hassan M, Farzadkia M and Ahmadi E (2019) Dynamic
assessment of economic and environmental performance index and
generation, composition, environmental and human health risks of
hospital solid waste in developing countries: a state of the art of
review. Environment International 132: 105073, https://doi.org/10.
1016/j.envint.2019.105073.

Ansari-Moghaddam A, Ansari H, Khosravi S et al. (2016) The prevalence
of Hepatitis B Virus among municipal solidwaste workers: necessity
for immunization of at-risk groups. Hepatitis Monthly 16: 1–18,
https://doi.org/10.5812/hepatmon.30887.

Athanasiou M, Makrynos G and Dounias G (2010) Respiratory health of
municipal solid waste workers. Occupational Medicine 60(8):
618–623, https://doi.org/10.1093/occmed/kqq127.

Bagchi A (2004) Design of Landfills and Integrated Solid Waste
Management, 3rd edn. John Wiley & Sons Inc., Hoboken, NJ, USA.

Block KA, Katz A, Alimova A et al. (2016) Montmorillonite-mediated
aggregation induces deformation of influenza virus particles. Applied
Clay Science 124: 211–218, https://doi.org/10.1016/j.clay.2016.02.010.

Bose R and Bhattacharya A (2017) Why ragpickers, unrecognized and
unpaid, are critical for waste management in India. IndiaSpend, 12
May. See https://archive.indiaspend.com/cover-story/why-ragpickers-
unrecognised-and-unpaid-are-critical-for-waste-management-in-india-
43164 (accessed 02/06/2020).

Botti L, Battini D, Sgarbossa F and Morad C (2020) Door-to-door waste
collection: analysis and recommendations for improving ergonomics in
an Italian case study. Waste Management 109: 149–160, https://doi.
org/10.1016/j.wasman.2020.04.027.

Bratsev AN, Popov VE, Rutberg AF et al. (2006) A facility for plasma
gasification of waste of various types. High Temperature 44: 823–828,
https://doi.org/10.1007/s10740-006-0099-7.

Breza-Boruta B (2016) The assessment of airborne bacterial and fungal
contamination emitted by a municipal landfill site in Northern Poland.
Atmospheric Pollution Research 7: 1043–1052, https://doi.org/10.
1016/j.apr.2016.06.011.

Calligari P, Bobone S, Ricci G and Bocedi A (2020) Molecular investigation
of SARS-CoV-2 proteins and their interactions with antiviral drugs.
Viruses 12(4): 445, https://doi.org/10.3390/v12040445.

Carducci A, Federigi I and Verani M (2013) Virus occupational exposure
in solid waste processing facilities. Annals of Occupational Hygiene
57(9): 1115–1127, https://doi.org/10.1093/annhyg/met043.

CDC (Centers for Disease Control and Prevention) (2020) What Waste
Collectors and Recyclers Need to Know about COVID-19. CDC,
Atlanta, GA, USA. See https://www.cdc.gov/coronavirus/2019-ncov/
community/organizations/waste-collection-recycling-workers.html.

Chandana N, Goli VSNS, Mohammad A and Singh DN (2020)
Characterization and utilization of landfill-mined-soil-like-fractions (LFMS
F) for sustainable development: a critical appraisal. Waste and Biomass
Valorization, https://doi.org/10.1007/s12649-020-01052-y (in press).

Chembukavu AA, Mohammad A and Singh DN (2019) Bioreactor landfills
in developing countries: a critical review. The Journal of Solid Waste
Technology and Management 45(1): 21–38, https://doi.org/10.5276/
JSWTM.2019.21.

Chen Y, Zhan L and Gao W (2019) Waste mechanics and sustainable
landfilling technology: comparison between HFWC and LFWC
MSWs. In Proceedings of the 8th International Congress on
Environmental Geotechnics Volume 1. ICEG 2018. Environmental
Science and Engineering (Zhan L, Chen Y and Bouazza A (eds)).
Springer, Singapore.

Chinese Pharmaceutical Association (2020) Coronavirus 2019-nCoV
Infection: Expert Consensus on Guidance and Prevention Strategies
for Hospital Pharmacists and the Pharmacy Workforce (1st Edition).
Chinese Pharmaceutical Association, Beijing, China. See https://www.
fip.org/files/content/priority-areas/coronavirus/CPA-CORONAVIRUS-
2019-nCoV-Expert-Consensus-on-Guidance-and-Prevention.pdf
(accessed 13/05/2020).
g, all rights reserved.

https://doi.org/10.1007/s11356-020-07722-7
https://www.acrplus.org/en/municipal-waste-management-covid-19
https://www.acrplus.org/en/municipal-waste-management-covid-19
https://doi.org/10.1007/s10924-019-01393-3
https://www.thequint.com/voices/opinion/solid-waste-management-biomedical-waste-covid-infection-crisis-health-disaster-waste-pickers-protection
https://www.thequint.com/voices/opinion/solid-waste-management-biomedical-waste-covid-infection-crisis-health-disaster-waste-pickers-protection
https://www.thequint.com/voices/opinion/solid-waste-management-biomedical-waste-covid-infection-crisis-health-disaster-waste-pickers-protection
https://doi.org/10.1016/j.envint.2019.105073
https://doi.org/10.1016/j.envint.2019.105073
https://doi.org/10.5812/hepatmon.30887
https://doi.org/10.1093/occmed/kqq127
https://doi.org/10.1016/j.clay.2016.02.010
https://archive.indiaspend.com/cover-story/why-ragpickers-unrecognised-and-unpaid-are-critical-for-waste-management-in-india-43164
https://archive.indiaspend.com/cover-story/why-ragpickers-unrecognised-and-unpaid-are-critical-for-waste-management-in-india-43164
https://archive.indiaspend.com/cover-story/why-ragpickers-unrecognised-and-unpaid-are-critical-for-waste-management-in-india-43164
https://doi.org/10.1016/j.wasman.2020.04.027
https://doi.org/10.1016/j.wasman.2020.04.027
https://doi.org/10.1007/s10740-006-0099-7
https://doi.org/10.1016/j.apr.2016.06.011
https://doi.org/10.1016/j.apr.2016.06.011
https://doi.org/10.3390/v12040445
https://doi.org/10.1093/annhyg/met043
https://www.cdc.gov/coronavirus/2019-ncov/community/organizations/waste-collection-recycling-workers.html
https://www.cdc.gov/coronavirus/2019-ncov/community/organizations/waste-collection-recycling-workers.html
https://doi.org/10.1007/s12649-020-01052-y
https://doi.org/10.5276/JSWTM.2019.21
https://doi.org/10.5276/JSWTM.2019.21
https://www.fip.org/files/content/priority-areas/coronavirus/CPA-CORONAVIRUS-2019-nCoV-Expert-Consensus-on-Guidance-and-Prevention.pdf
https://www.fip.org/files/content/priority-areas/coronavirus/CPA-CORONAVIRUS-2019-nCoV-Expert-Consensus-on-Guidance-and-Prevention.pdf
https://www.fip.org/files/content/priority-areas/coronavirus/CPA-CORONAVIRUS-2019-nCoV-Expert-Consensus-on-Guidance-and-Prevention.pdf


Environmental Geotechnics
Volume 8 Issue 3

Municipal solid waste management
under Covid-19: challenges and
recommendations
Vaverková, Paleologos, Dominijanni et al.

Downloaded by
Corrao CR, Del Cimmuto A, Marzuillo C, Paparo E and La Torre G (2013)
Association between waste management and HBV among solid
municipal waste workers: a systematic review and meta-analysis of
observational studies. Scientific World Journal 2013: 692083, https://
doi.org/10.1155/2013/692083.

Costa CA, Maia CC, Neves AC, de Vasconcelos Barros RT and Mol MP
(2019) Profile of highly infected wastes generated by hospitals: a case
in Belo Horizonte, Brazil. Waste Management & Research 37(6):
643–650, https://doi.org/10.1177/0734242X19846296.

Danwittayakul S, Songngam S and Sukkasi S (2020) Enhanced solar water
disinfection using ZnO supported photocatalysts. Environmental
Technology 41: 349–356, https://doi.org/10.1080/09593330.2018.
1498921.

Datta P, Mohi GK and Chander J (2018) Biomedical waste management
in India: critical Appraisal. Journal of Laboratory Physicians 10(1):
6–14, https://doi.org/10.4103/JLP.JLP_89_17.

Dominijanni A and Manassero M (2019) Steady-state analysis of pollutant
transport to assess landfill liner performance. Environmental
Geotechnics, https://doi.org/10.1680/jenge.19.00051.

Dominijanni A, Guarena N and Manassero M (2018) Laboratory
assessment of semipermeable properties of a natural sodium bentonite.
Canadian Geotechnical Journal 55(11): 1611–1631, https://doi.org/10.
1139/cgj-2017-0599.

Duan SM, Zhao XS, Wen RF et al. (2003) Stability of SARS coronavirus in
human specimens and environment and its sensitivity to heating and
UV irradiation. Biomedical and Environmental Sciences 16: 246–255.

EC (European Commission) (2020) Waste Management in the Context of
the Coronavirus Crisis. 14 April 2020. EC, Brussels, Belgium. See
https://ec.europa.eu/info/sites/info/files/waste_management_guidance_
dg-env.pdf (accessed 17/05/2020).

ECDC (European Centre for Disease Prevention and Control) (2020a)
Infection Prevention and Control and Preparedness for COVID-19 in
Healthcare Settings – Third Update, 13 May 2020. ECDC, Stockholm,
Sweden, Technical Report. See https://www.ecdc.europa.eu/sites/
default/files/documents/Infection-prevention-control-for-the-care-of-
patients-with-2019-nCoV-healthcare-settings_third-update.pdf
(accessed 23/05/2020).

ECDC (2020b) Shipments of Waste in the EU in the Context of the
Coronavirus Crisis, 30 March 2020. ECDC, Stockholm, Sweden. See
https://ec.europa.eu/environment/waste/shipments/pdf/
waste_shipment_and_COVID19.pdf.

EEA (European Environment Agency) (2013a) Municipal Waste
Management in Norway. EEA, Copenhagen, Denmark. See https://
www.eea.europa.eu/publications/managing-municipal-solid-waste/
norway-municipal-waste-management/view (accessed 18/09/2020).

EEA (2013b) Municipal Waste Management in Belgium. Copenhagen,
Denmark. See https://www.eea.europa.eu/publications/managing-
municipal-solid-waste/belgium-municipal-waste-management/view
(accessed 18/09/2020).

European Parliament and Council (2008) Directive 2008/98/EC of the
European Parliament and of the Council of 19 November 2008 on
waste and repealing certain Directives. Official Journal of the
European Union L312/3. See https://eur-lex.europa.eu/legal-content/
EN/TXT/PDF/?uri=CELEX:32008L0098&from=EN.

Eurostat (2020a) Statistics Explained: Municipal Waste Statistics.
Municipal Waste Generated, 2005 and 2018, kg per Capita. Eurostat,
Luxembourg City, Luxembourg. See https://ec.europa.eu/eurostat/
statistics-explained/index.php/Municipal_waste_statistics (accessed
20/07/2020).

Eurostat (2020b) Recycling Rate of Municipal Waste Table. Eurostat,
Luxembourg City, Luxembourg. See https://ec.europa.eu/eurostat/
databrowser/view/sdg_11_60/default/table?lang=en (accessed
20/07/2020).

Garcia-Alcega S, Nasir ZA, Cipullo S et al. (2020) Fingerprinting ambient
air to understand bioaerosol profiles in three different environments in
 [ POLITECNICO DI TORINO] on [24/12/21]. Copyright © ICE Publishing, all
the south east of England. Science of the Total Environment 719:
137542, https://doi.org/10.1016/j.scitotenv.2020.137542.

Gerba CP, Tamimi AH, Pettigrew C, Weisbrod AV and Rajagopalan V
(2011) Sources of microbial pathogens in municipal solid waste
landfills in the United States of America. Waste Management &
Research 29: 781–790, https://doi.org/10.1177/0734242X10397968.

Graiver DA, Topliff CL, Kelling CL and Bartelt-Hunt SL (2009) Survival of
the avian influenza virus (H6N2) after land disposal. Environmental
Science & Technology 43(11): 4063–4067, https://doi.org/10.1021/
es900370x.

Guarena N, Dominijanni A and Manassero M (2020) From the design of
bottom landfill liner systems to the impact assessment of contaminants
on underlying aquifers. Innovative Infrastructure Solutions 5(1): 2,
https://doi.org/10.1007/s41062-019-0251-y.

Harvey RH and Ryan JN (2004) Use of PRD1 bacteriophage in
groundwater viral transport, inactivation, and attachment studies.
FEMS Microbiology Ecology 49(1): 3–16, https://doi.org/10.1016/j.
femsec.2003.09.015.

Hrnčič MH, Cör D and Knez Ž (2020) Supercritical fluids as a tool for
green energy and chemicals. In Waste Management: Concepts,
Methodologies, Tools, and Applications (Li C (ed.)). IGI Global,
Hershey, Pennsylvania, USA, pp. 554–587.

ISWA (International Solid Waste Association) (2020) COVID-19 Response
International Knowledge Sharing on Waste Management. ISWA,
Rotterdam, the Netherlands. See https://www.iswa.org/iswa/covid-19/
(accessed 14/05/2020).

Junqueira FF, Silva ARL and Palmeira EM (2006) Performance of drainage
systems incorporating geosynthetics and their effect on leachate
properties. Geotextiles and Geomembranes 24: 311–324, http://doi.org/
10.1016/j.geotexmem.2006.03.008.

Kampf G, Todt D, Pfaender S and Steinmann E (2020) Persistence of
coronaviruses on inanimate surfaces and their inactivation with
biocidal agents. The Journal of Hospital Infection 104(3): 246–251,
https://doi.org/10.1016/j.jhin.2020.01.022.

Kaufman L and Chasan E (2020) Climate adaptation: cities wonder
whether recycling counts as essential during the virus. Bloomberg
Green, 27 March. See https://www.bloomberg.com/news/articles/2020-
03-27/cities-wonder-whether-recycling-counts-as-essential-during-the-
virus?srnd=green (accessed 07/05/2020).

Keesstra SD, Bouma J, Wallinga J et al. (2016) The significance of soils
and soil science towards realization of the United Nations Sustainable
Development Goals. Soil 2(2): 111–128.

Keesstra S, Mol G, de Leeuw J et al. (2018) Soil-related sustainable
development goals: Four concepts to make land degradation neutrality
and restoration work. Land 7(4): 133.

Keswick BH and Gerba CP (1980) Viruses in groundwater. Environmental
Science & Technology 14: 1290–1297.

Kimura M, Jia ZJ, Nakayama N and Asakaw S (2008) Ecology of viruses
in soils: past, present and future perspectives. Soil Science and Plant
Nutrition 54: 1–32.

Koda E, Osiński P and Kołanka T (2013) Flow numerical modeling for
efficiency assessment of vertical barriers in landfills. In Coupled
Phenomena in Environmental Geotechnics (Manassero M,
Dominijanni A, Foti S and Musso G (eds)). CRC Press/Balkema,
London, UK, pp. 693–698.

Koda E, Sieczka A and Osiński P (2016) Ammonium concentration and
migration in groundwater in the vicinity of waste management site
located in the neighborhood of protected areas of Warsaw, Poland.
Sustainability 8(11): 1253, https://doi.org/10.3390/su8121253.

Koda E and Osinski P (2017) Bentonite cut-off walls: solution for landfill
remedial works. Environmental Geotechnics 4(4): 223–232, https://doi.
org/10.1680/jenge.14.00022.

Lai MY, Cheng PK and Lim WW (2005) Survival of severe acute
respiratory syndrome coronavirus. Clinical Infectious Diseases 41(7):
e67–e71.
229
 rights reserved.

https://doi.org/10.1155/2013/692083
https://doi.org/10.1155/2013/692083
https://doi.org/10.1177/0734242X19846296
https://doi.org/10.1080/09593330.2018.1498921
https://doi.org/10.1080/09593330.2018.1498921
https://doi.org/10.4103/JLP.JLP_89_17
https://doi.org/10.1680/jenge.19.00051
https://doi.org/10.1139/cgj-2017-0599
https://doi.org/10.1139/cgj-2017-0599
https://ec.europa.eu/info/sites/info/files/waste_management_guidance_dg-env.pdf
https://ec.europa.eu/info/sites/info/files/waste_management_guidance_dg-env.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/Infection-prevention-control-for-the-care-of-patients-with-2019-nCoV-healthcare-settings_third-update.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/Infection-prevention-control-for-the-care-of-patients-with-2019-nCoV-healthcare-settings_third-update.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/Infection-prevention-control-for-the-care-of-patients-with-2019-nCoV-healthcare-settings_third-update.pdf
https://ec.europa.eu/environment/waste/shipments/pdf/waste_shipment_and_COVID19.pdf
https://ec.europa.eu/environment/waste/shipments/pdf/waste_shipment_and_COVID19.pdf
https://www.eea.europa.eu/publications/managing-municipal-solid-waste/belgium-municipal-waste-management/view
https://www.eea.europa.eu/publications/managing-municipal-solid-waste/belgium-municipal-waste-management/view
https://www.eea.europa.eu/publications/managing-municipal-solid-waste/belgium-municipal-waste-management/view
https://www.eea.europa.eu/publications/managing-municipal-solid-waste/belgium-municipal-waste-management/view
https://www.eea.europa.eu/publications/managing-municipal-solid-waste/belgium-municipal-waste-management/view
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32008L0098&#38;from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32008L0098&#38;from=EN
https://ec.europa.eu/eurostat/statistics-explained/index.php/Municipal_waste_statistics
https://ec.europa.eu/eurostat/statistics-explained/index.php/Municipal_waste_statistics
https://ec.europa.eu/eurostat/databrowser/view/sdg_11_60/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/sdg_11_60/default/table?lang=en
https://doi.org/10.1016/j.scitotenv.2020.137542
https://doi.org/10.1177/0734242X10397968
https://doi.org/10.1021/es900370x
https://doi.org/10.1021/es900370x
https://doi.org/10.1007/s41062-019-0251-y
https://doi.org/10.1016/j.femsec.2003.09.015
https://doi.org/10.1016/j.femsec.2003.09.015
https://www.iswa.org/iswa/Covid-19/
http://doi.org/10.1016/j.geotexmem.2006.03.008
http://doi.org/10.1016/j.geotexmem.2006.03.008
https://doi.org/10.1016/j.jhin.2020.01.022
https://www.bloomberg.com/news/articles/2020-03-27/cities-wonder-whether-recycling-counts-as-essential-during-the-virus?srnd=green
https://www.bloomberg.com/news/articles/2020-03-27/cities-wonder-whether-recycling-counts-as-essential-during-the-virus?srnd=green
https://www.bloomberg.com/news/articles/2020-03-27/cities-wonder-whether-recycling-counts-as-essential-during-the-virus?srnd=green
https://doi.org/10.3390/su8121253
https://doi.org/10.1680/jenge.14.00022
https://doi.org/10.1680/jenge.14.00022


Environmental Geotechnics
Volume 8 Issue 3

Municipal solid waste management
under Covid-19: challenges and
recommendations
Vaverková, Paleologos, Dominijanni et al.

Download
Langley J (2020) Waste sector receives ‘key worker’ status. letsrecycle.com,
20 March. See https://www.letsrecycle.com/news/latest-news/waste-sector-
receives-key-worker-status/ (accessed 07/05/2020).

Leonardopoulos J, Papaconstantinou A, Georgakopoulou and
Papandreou E (1996) The meaning of soil characteristics and
temperature for the survival of bacteriophages in naturally
contaminated soil samples. Acta Microbiologica Hellenica 41:
309–316 (in Greek with English summary).

Lerche I and Paleologos EK (2001) Environmental Risk Analysis.
McGraw-Hill Professional Engineering Series, McGraw-Hill,
New York, NY, USA.

Li L, Wang Q, Bi W et al. (2020) Municipal solid waste treatment system
increases ambient airborne bacteria and antibiotic resistance genes.
Environmental Science & Technology 54(7): 3900–3908, https://doi.
org/10.1021/acs.est.9b07641.

Li W, Shi Z, Yu M et al. (2005) Bats are natural reservoirs of SARS-like
coronaviruses. Science 310: 676–679, https://doi.org/10.1126/science.
1118391.

Lipson SM and Stotzky G (1983) Adsorption of reovirus to clay minerals:
effects of cation-exchange capacity, cation saturation, and surface area.
Applied and Environmental Microbiology 46(3): 673–682.

Liu Y, Ning Z, Chen Y et al. (2020) Aerodynamic analysis of SARS-CoV-2
in two Wuhan hospitals. Nature 582: 557–560, https://doi.org/10.1038/
s41586-020-2271-3.

Lodder W and de Roda Husman AM (2020) SARS-CoV-2 in wastewater:
potential health risk, but also data source. The Lancet
Gastroenterology and Hepatology 5(6): 533–534, https://doi.org/10.
1016/S2468-1253(20)30087-X.

Long JH, Daly JJ and Gilbert RB (1993) Structural Stability of
Geosynthetic Liner and Cover Systems for Solid Waste Landfills.
Report prepared for Illinois Office of Solid Waste Research, University
of Illinois at Urbana–Champaign, IL, USA, p. 111.

Ma W, Terrence W, Frandsen FJ et al. (2020) The fate of chlorine during
MSW incineration: vaporization, transformation, deposition, corrosion
and remedies. Progress in Energy and Combustion Science 76:
100789, https://doi.org/10.1016/j.pecs.2019.100789.

Madhwal S, Prabhu V, Sundriyal S and Shridhar V (2020) Distribution,
characterization and health risk assessment of size fractionated bioaerosols
at an open landfill site in Dehradun, India. Atmospheric Pollution
Research 11: 156–169, https://doi.org/10.1016/j.apr.2019.10.002.

Manassero M (2020) Second ISSMGE R. Kerry Rowe Lecture: On the
intrinsic, state, and fabric parameters of active clays for contaminant
control. Canadian Geotechnical Journal 57(3): 311–336, https://doi.
org/10.1139/cgj-2019-0033.

Mavropoulos A. (2020) Covid-19: protecting waste workers, Maintaining
Regular Waste Collection. ISWA, 25 March. See https://www.iswa.org/
home/news/news-detail/article/blog-waste-management-during-the-
coronavirus-pandemic/109/ (accessed 12/05/2020).

McLaren AD and Peterson GH (1965) Physical chemistry and biological
chemistry of clay mineral-organic nitrogen complexes. In Soil
Nitrogen, Monograph 10. American Society of Agronomy, Madison,
WI, USA, pp. 259–284.

Michen B and Graule T (2010) Isoelectric points of viruses. Journal of
Applied Microbiology 109(2): 388–397, https://doi.org/10.1111/j.1365-
2672.2010.04663.x.

Mohamed AMO and Paleologos EK (2017) Fundamentals of
Geoenvironmental Engineering: Understanding Soil, Water, and
Pollutant Interaction and Transport. Butterworth-Heinemann,
Oxford, UK.

Mol MPG and Caldas S (2020) Can the human coronavirus epidemic also
spread through solid waste? Waste Management and Research 38(5):
485–486, https://doi.org/10.1177/0734242X20918312.

Moore RS, Taylor DH, Reddy MM and Sturman LS (1982) Adsorption of
reovirus by minerals and soils. Applied and Environmental
Microbiology 44: 852–859.
230
ed by [ POLITECNICO DI TORINO] on [24/12/21]. Copyright © ICE Publishin
Moore RS, Taylor DH, Sturman LS, Reddy MM and Fuhs GW (1981)
Poliovirus adsorption by 34 minerals and soils. Applied and
Environmental Microbiology 42: 963–975.

National Geographic (2020) The end of trash. National Geographic
Magazine, March, pp. 42–71.

Musso G, Cosentini RM, Dominijanni A, Guarena N and Manassero M
(2017) Laboratory characterization of the chemo-hydro-mechanical
behaviour of chemically sensitive clays. Rivista Italiana di Geotecnica
51(3): 22–47, https://doi.org/10.19199/2017.3.0557-1405.022.

Odonkor ST, Frimpong K and Kurantin N (2020) An assessment of
household solid waste management in a large Ghanaian district.
Heliyon 6: e03040, https://doi.org/10.1016/j.heliyon.2019.e03040.

OSHA (Occupational Safety and Health Administration) (2020) COVID-19
Control and Prevention: Solid Waste and Wastewater Management
Workers and Employers. OSHA, United States Department of Labor,
Washington, DC, USA. See https://www.osha.gov/SLTC/covid-19/solid-
waste-wastewater-mgmt.html (accessed 03/06/2020).

Oweis IS (1993) Stability of landfills. Geotechnical Practice for Waste
Disposal (Daniel D (ed.)). Chapman & Hall, New York, NY, USA.

Paleologos EK, O’Kelly BC, Tang C-S et al. (2020) Post COVID-19 water
and wastewater management to protect public gealth and
geoenvironment. Environmental Geotechnics. https://doi.org/10.1680/
jenge.20.00067 (in press).

Paleologos EK, Elhakeem M and and El Amrousi M (2018) Bayesian
analysis of air emission violations from waste incineration and co-
incineration plants. Risk Analysis 38(11): 2368–2378, https://doi.org/
10.1111/risa.13130.

Papapetridis K and Paleologos EK (2012) Sampling frequency of
groundwater monitoring and remediation delay at contaminated sites.
Journal Water Resources Management 26(9): 2673–2688, https://doi.
org/10.1007/s11269-012-0039-8.

Papapetridis K and Paleologos EK (2011a) Contaminant detection
probability in heterogeneous aquifers and corrected risk analysis for
remedial response delay. Water Resources Research 47(10): 1–15,
https://doi.org/10.1029/2011WR010652.

Papapetridis K and Paleologos EK (2011b) Stochastic modeling of
plume evolution and monitoring in heterogeneous aquifers. In
Advances in the Research of Aquatic Environment (Lambrakis N
et al. (eds)). Springer-Verlag Berlin Heidelberg, Germany, vol. 1,
pp. 349–356.

Ray MR, Roychoudhury S, Mukherjee G, Roy S and Lahiri T (2005)
Respiratory and general health impairments of workers employed in a
municipal solid waste disposal at an open landfill site in Delhi.
International Journal of Hygiene and Environmental Health 208(4):
255–262, https://doi.org/10.1016/j.ijheh.2005.02.001.

Ribeiro N, Soares GC, Santos-Rosales V et al. (2020) A new era for
sterilization based on supercritical CO2 technology. Journal of
Biomedical Materials Research Part B: Applied Biomaterials 108(2):
399–428, https://doi.org/10.1002/jbm.b.34398.

Ritzkowski M (2020) IWWG news and views. Waste Management 106:
I–IV, https://doi.org/10.1016/S0956-053X(20)30174-4.

Rodrigo-Comino J, Senciales JM, Cerdà A and Brevik EC (2018) The
multidisciplinary origin of soil geography: a review. Earth-Science
Reviews 177: 114–123.

Rutkowska G, Fronczyk J and Wichowski P (2018) Research on the
possibility of using fly ashes from combustion of municipal sewage
sludge on properties of ordinary concretes. Annual Set the
Environment Protection 20: 1113–1128.

Saadat S, Rawtani D and Mustansar C (2020) Environmental perspective
of COVID-19. Science of the Total Environment 728: 1–6, https://doi.
org/10.1016/j.scitotenv.2020.138870.

Sadeghi G, Schijven JF, Behrends T et al. (2011) Systematic study of
effects of pH and ionic strength on attachment of phage PRD1.
Ground Water 49(1): 12–19, https://doi.org/10.1111/j.1745-6584.2010.
00767.x.
g, all rights reserved.

https://www.letsrecycle.com/news/latest-news/waste-sector-receives-key-worker-status/
https://www.letsrecycle.com/news/latest-news/waste-sector-receives-key-worker-status/
https://doi.org/10.1021/acs.est.9b07641
https://doi.org/10.1021/acs.est.9b07641
https://doi.org/10.1126/science.1118391
https://doi.org/10.1126/science.1118391
https://doi.org/10.1038/s41586-020-2271-3
https://doi.org/10.1038/s41586-020-2271-3
https://doi.org/10.1016/S2468-1253(20)30087-X
https://doi.org/10.1016/S2468-1253(20)30087-X
https://doi.org/10.1016/j.pecs.2019.100789
https://doi.org/10.1016/j.apr.2019.10.002
https://doi.org/10.1139/cgj-2019-0033
https://doi.org/10.1139/cgj-2019-0033
https://www.iswa.org/home/news/news-detail/article/blog-waste-management-during-the-coronavirus-pandemic/109/
https://www.iswa.org/home/news/news-detail/article/blog-waste-management-during-the-coronavirus-pandemic/109/
https://www.iswa.org/home/news/news-detail/article/blog-waste-management-during-the-coronavirus-pandemic/109/
https://doi.org/10.1111/j.1365-2672.2010.04663.x
https://doi.org/10.1111/j.1365-2672.2010.04663.x
https://doi.org/10.1177/0734242X20918312
https://doi.org/10.19199/2017.3.0557-1405.022
https://doi.org/10.1016/j.heliyon.2019.e03040
https://www.osha.gov/SLTC/covid-19/solid-waste-wastewater-mgmt.html
https://www.osha.gov/SLTC/covid-19/solid-waste-wastewater-mgmt.html
https://doi.org/10.1680/jenge.20.00067
https://doi.org/10.1680/jenge.20.00067
https://doi.org/10.1111/risa.13130
https://doi.org/10.1111/risa.13130
https://doi.org/10.1007/s11269-012-0039-8
https://doi.org/10.1007/s11269-012-0039-8
https://doi.org/10.1029/2011WR010652
https://doi.org/10.1016/j.ijheh.2005.02.001
https://doi.org/10.1002/jbm.b.34398
https://doi.org/10.1016/S0956-053X(20)30174-4
https://doi.org/10.1016/j.scitotenv.2020.138870
https://doi.org/10.1016/j.scitotenv.2020.138870
https://doi.org/10.1111/j.1745-6584.2010.00767.x
https://doi.org/10.1111/j.1745-6584.2010.00767.x


Environmental Geotechnics
Volume 8 Issue 3

Municipal solid waste management
under Covid-19: challenges and
recommendations
Vaverková, Paleologos, Dominijanni et al.

Downloaded by
Sadeghi G, Behrends T, Schijven JF and Hassanizadeh SM (2013) Effect of
dissolved calcium on the removal of bacteriophage PRD1 during soil
passage: the role of double-layer interactions. Journal of Contaminant
Hydrology 144(1): 78–87, https://doi.org/10.1016/j.jconhyd.2012.10.
006.

Santos ECG, Palmeira EM and Bathurst RJ (2014) Performance of two
geosynthetic reinforced walls with recycled construction waste backfill
and constructed on collapsible ground. Geosynthetics International
21(4): 256–269, http://doi.org/10.1680/gein.14.00013.

Shackelford CD (2014) The ISSMGE Kerry Rowe Lecture: The role of
diffusion in environmental Geotechnics. Canadian Geotechnical
Journal 51(11): 1219–1242, https://doi.org/10.1139/cgj-2013-0277.

Sharma HB, Vanapalli KR, Cheela VRS et al. (2020) Challenges,
opportunities, and innovations for effective solid waste management
during and post COVID-19 pandemic. Resources, Conservation and
Recycling 162: 105052, https://doi.org/10.1016/j.resconrec.2020.
105052.

Siddiqi A, Haraguchi M and Narayanamurti V (2020) Urban waste to
energy recovery assessment simulations for developing countries.
World Development 131: 104949, https://doi.org/10.1016/j.worlddev.
2020.104949.

Silva SA and Palmeira EM (2019) Leachate pre-treatment using non-
woven geotextile filters. Environmental Geotechnics 6(1): 34–46,
http://doi.org/10.1680/jenge.16.00021.

Singh DN (2019) Novel techniques to simulate and monitor
contaminant–geomaterial interactions. Indian Geotechnical Journal
49(1): 2–36, https://doi.org/10.1007/s40098-019-00351-z.

Sizun J, Yu MW and Talbot PJ (2000) Survival of human coronaviruses
229E and OC43 in suspension and after drying on surfaces: a possible
source of hospital-acquired infections. Journal of Hospital Infection
46: 55–60.

Soares GC, Learmonth DA, Vallejo MC et al. (2019) Supercritical CO2

technology: the next standard sterilization technique? Materials
Science & EngineeringC-Materials for Biological Applications 99:
520–540, https://doi.org/10.1016/j.msec.2019.01.121.

Straub TM, Pepper IL and Gerba CP (1992) Persistence of viruses in desert
soils amended with anaerobically digested sewage sludge. Applied and
Environmental Microbiology 58: 636–641.

Suman R, Javaid M, Haleem A et al. (2020) Sustainability of coronavirus
on different surfaces. Journal of Clinical and Experimental
Hepatology 10(4): 386–390.

Syngouna VI and Chrysikopoulos CV (2010) Interaction between viruses
and clays in static and dynamic batch systems. Environmental Science
& Technology 44(12): 4539–4544, https://doi.org/10.1021/es100107a.

Tang C-S, Paleologos EK, Vitone C et al. (2020) Environmental
geotechnics: challenges and opportunities in the post COVID-19
world. Environmental Geotechnics, https://doi.org/10.1680/jenge.20.
00054 (in press).

Theng BKG (2012) Formation and Properties of Clay–Polymer
Complexes. Developments in Clay Science. Elsevier, Amsterdam, the
Netherlands, vol. 4.

Tian J, Yan C, Nasir ZA et al. (2020) Real time detection and
characterisation of bioaerosol emissions from wastewater treatment
plants. Science of the Total Environment 721: 137629, https://doi.org/
10.1016/j.scitotenv.2020.137629.

Toyoda H, Kakutani K, Ikeda S et al. (1991) Characterization of
deoxyribonucleic acid of virulent bacteriophage and its infectivity to
host bacteria, Pseudomonas solanacearum. Journal of Phytopathology
131: 11–21.

UNEP Basel Convention (2020) Healthcare or Medical Waste Basel
Convention on the Control of Transboundary Movements of
Hazardous Wastes and Their Disposal. Secretariat of the Basel,
Rotterdam and Stockholm Conventions, Switzerland. See http://www.
basel.int/Portals/4/download.aspx?d=UNEP-CHW-PUB-Factsheets-
Healthcare-MedicalWaste-2020.English.pdf (accessed 11/05/2020).
 [ POLITECNICO DI TORINO] on [24/12/21]. Copyright © ICE Publishing, all
US DOT (US Department of Transportation) (2019) Managing Solid Waste
Contaminated with a Category A Infectious Substance. US DOT,
Washington, DC, USA. See https://www.phmsa.dot.gov/sites/phmsa.
dot.gov/files/docs/transporting-infectious-substances/6821/cat-waste-
planning-guidance-final-2019-08.pdf (accessed 11/05/2020).

US EPA (US Environmental Protection Agency) (2014) Municipal Solid
Waste Generation, Recycling, and Disposal in the United States: Facts
and Figures for 2012. US EPA, Solid Waste and Emergency
Response, Washington, DC, USA, Report EPA-530-F-14-001, p. 13.

US National Academies of Sciences, Engineering, and Medicine (2015)
Review of the Draft Interagency Report on the Impacts of Climate Change
on Human Health in the United States. The National Academies Press,
Washington, DC, USA.

Wajs J, Bochniak R and Golabek A (2019) Proposal of a mobile medical
waste incinerator with application of automatic waste feeder and heat
recovery system as a novelty in Poland. Sustainability 11: 4980,
https://doi.org/10.3390/su11184980.

Wang J, Shen J, Ye D et al. (2020) Disinfection technology of hospital
wastes and wastewater: suggestions for disinfection strategy during
coronavirus disease 2019 (COVID-19) pandemic in China. Environmental
Pollution 262: 114665, https://doi.org/10.1016/j.envpol.2020.114665.

Wei M, Xu C, Xu X et al. (2019) Ecotoxicology and environmental safety
size distribution of bioaerosols from biomass burning emissions:
characteristics of bacterial and fungal communities in submicron
(PM1.0) and fine (PM2.5) particles. Ecotoxicology and Environmental
Safety 171: 37–46, https://doi.org/10.1016/j.ecoenv.2018.12.026.

WHO (World Health Organization) (2012) Guidance on Regulations for
the Transport of Infectious Substances 2013–2014. WHO, Geneva,
Switzerland. See https://apps.who.int/iris/bitstream/handle/10665/
78075/WHO_HSE_GCR_2012.12_eng.pdf (accessed 11/05/2020).

WHO (2019) Middle East respiratory syndrome coronavirus (MERS-
CoV). WHO, 11 March. See https://www.who.int/news-room/fact-
sheets/detail/middle-east-respiratory-syndrome-coronavirus-(mers-cov)
(accessed 11/05/2020).

WHO (2020a) WHO Director-General’s Opening Remarks at the Media
Briefing on COVID-19 – 11 March 2020. WHO, Geneva, Switzerland.
See https://www.who.int/dg/speeches/detail/who-director-general-s-
opening-remarks-at-the-media-briefing-on-covid-19—11-march-2020.

WHO (2020b) Rational Use of Personal Protective Equipment for
Coronavirus Disease 2019 (COVID-19) and Considerations During
Severe Shortages. WHO 1–28 Interim Guidance. WHO, Geneva,
Switzerland.

Yates MV, Gerba CP and Kelley LE (1985) Virus persistence in
groundwater. Applied and Environmental Microbiology 49: 778–781.

Yeager JG and O’Brien RT (1979a) Enterovirus inactivation in soil.
Applied and Environmental Microbiology 38: 694–701.

Yeager JG and O’Brien RT (1979b) Structural changes associated with
poliovirus inactivation in soil. Applied and Environmental
Microbiology 38: 702–709.

Yu S and Dong H (2020) Uncover cost–benefit disparity of municipal
solid waste incineration in Chinese provinces. Sustainability 12(2):
697, https://doi.org/10.3390/su12020697.

Xiao F, Tang M, Zheng X et al. (2020) Evidence for gastrointestinal
infection of SARS-CoV-2. medRxiv, https://doi.org/10.1101/2020.02.
17.20023721.

van Doremalen N, Bushmaker T, Morris DH et al. (2020) Aerosol and
surface stability of SARS-CoV-2 as compared with SARS-CoV-1. New
England Journal of Medicine 382: 1564–1567, https://doi.org/10.1056/
NEJMc2004973.

Vaverková MD (2019) Impact assessment of the municipal solid landfill
on environment: a case study. Acta Scientiarum Polonorum
Architectura 18: 11–20.

Vaverková MD and Adamcová D (2014) Can vegetation indicate a
municipal solid waste landfill’s impact on the environment? Polish
Journal of Environmental Studies 23: 501–509.
231
 rights reserved.

https://doi.org/10.1016/j.jconhyd.2012.10.006
https://doi.org/10.1016/j.jconhyd.2012.10.006
http://doi.org/10.1680/gein.14.00013
https://doi.org/10.1139/cgj-2013-0277
https://doi.org/10.1016/j.resconrec.2020.105052
https://doi.org/10.1016/j.resconrec.2020.105052
https://doi.org/10.1016/j.worlddev.2020.104949
https://doi.org/10.1016/j.worlddev.2020.104949
http://doi.org/10.1680/jenge.16.00021
https://doi.org/10.1007/s40098-019-00351-z
https://doi.org/10.1016/j.msec.2019.01.121
https://doi.org/10.1021/es100107a
https://doi.org/10.1680/jenge.20.00054
https://doi.org/10.1680/jenge.20.00054
https://doi.org/10.1016/j.scitotenv.2020.137629
https://doi.org/10.1016/j.scitotenv.2020.137629
http://www.basel.int/Portals/4/download.aspx?d=UNEP-CHW-PUB-Factsheets-Healthcare-MedicalWaste-2020.English.pdf
http://www.basel.int/Portals/4/download.aspx?d=UNEP-CHW-PUB-Factsheets-Healthcare-MedicalWaste-2020.English.pdf
http://www.basel.int/Portals/4/download.aspx?d=UNEP-CHW-PUB-Factsheets-Healthcare-MedicalWaste-2020.English.pdf
https://www.phmsa.dot.gov/sites/phmsa.dot.gov/files/docs/transporting-infectious-substances/6821/cat-waste-planning-guidance-final-2019-08.pdf
https://www.phmsa.dot.gov/sites/phmsa.dot.gov/files/docs/transporting-infectious-substances/6821/cat-waste-planning-guidance-final-2019-08.pdf
https://www.phmsa.dot.gov/sites/phmsa.dot.gov/files/docs/transporting-infectious-substances/6821/cat-waste-planning-guidance-final-2019-08.pdf
https://doi.org/10.3390/su11184980
https://doi.org/10.1016/j.envpol.2020.114665
https://doi.org/10.1016/j.ecoenv.2018.12.026
https://apps.who.int/iris/bitstream/handle/10665/78075/WHO_HSE_GCR_2012.12_eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/78075/WHO_HSE_GCR_2012.12_eng.pdf
https://www.who.int/news-room/fact-sheets/detail/middle-east-respiratory-syndrome-coronavirus-(mers-cov)
https://www.who.int/news-room/fact-sheets/detail/middle-east-respiratory-syndrome-coronavirus-(mers-cov)
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://doi.org/10.3390/su12020697
https://doi.org/10.1101/2020.02.17.20023721
https://doi.org/10.1101/2020.02.17.20023721
https://doi.org/10.1056/NEJMc2004973
https://doi.org/10.1056/NEJMc2004973


Environmental Geotechnics
Volume 8 Issue 3

Municipal solid waste management
under Covid-19: challenges and
recommendations
Vaverková, Paleologos, Dominijanni et al.

Download
Vieira CS, Pereira PM and Lopes ML (2016) Recycled construction
and demolition wastes as filling material for geosynthetic
reinforced structures. Interface properties. Journal of Cleaner
Production 124: 299–311.

Visser S, Keesstra S, Maas G and De Cleen M (2019) Soil as a basis to
create enabling conditions for transitions towards sustainable land
management as a key to achieve the SDGs by 2030. Sustainability
11(23): 6792.
232
ed by [ POLITECNICO DI TORINO] on [24/12/21]. Copyright © ICE Publishin
Zamiskie EM, Kabir MG and Haddad A (1994) Settlement evaluation for
cap closure performance. In Vertical and Horizontal Deformations of
Foundations and Embankments (Yeung AT and Felio GY (eds)).
ASCE, New York, NY, USA, vol. 1, Geotechnical Special Publication
No. 40, pp. 462–475.

Zhang W, Du RH, Li B et al. (2020) Molecular and serological
investigation of 2019-nCoV infected patients: implication of multiple
shedding routes. Emerging Microbes & Infections 9: 386–389.
How can you contribute?

To discuss this paper, please submit up to 500 words to
the editor at journals@ice.org.uk. Your contribution will be
forwarded to the author(s) for a reply and, if considered
appropriate by the editorial board, it will be published as a
discussion in a future issue of the journal.
g, all rights reserved.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Europe ISO Coated FOGRA27)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedExtraBold
    /AbadiMT-CondensedLight
    /AndaleMono
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellGothic-Black
    /BellGothic-Bold
    /BellGothic-Light
    /BernardMT-Condensed
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldCondensed
    /Bodoni-BoldItalic
    /Bodoni-Book
    /Bodoni-BookItalic
    /Bodoni-Italic
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /Bodoni-PosterItalic
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /Braggadocio
    /BritannicBold
    /BrushScriptMT
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /CurlzMT
    /Desdemona
    /EdwardianScriptITC
    /EngraversMT
    /EngraversMT-Bold
    /EurostileBold
    /EurostileRegular
    /FootlightMTLight
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GillSans-UltraBold
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /Gulim
    /Haettenschweiler
    /Harrington
    /Impact
    /ImprintMT-Shadow
    /KinoMT
    /LatinWide
    /LucidaBlackletter
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /MaturaMTScriptCapitals
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MS-PGothic
    /MS-PMincho
    /NewCaledonia
    /NewCaledonia-Black
    /NewCaledonia-BlackItalic
    /NewCaledonia-Bold
    /NewCaledonia-BoldItalic
    /NewCaledonia-BoldItalicOsF
    /NewCaledonia-BoldSC
    /NewCaledonia-Italic
    /NewCaledonia-ItalicOsF
    /NewCaledonia-SC
    /NewCaledonia-SemiBold
    /NewCaledonia-SemiBoldItalic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /Onyx
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Sabon-Bold
    /Sabon-BoldItalic
    /Sabon-BoldItalicOsF
    /Sabon-BoldOsF
    /Sabon-Italic
    /Sabon-ItalicOsF
    /Sabon-Roman
    /Sabon-RomanOsF
    /Sabon-RomanSC
    /SimSun
    /Stencil
    /Symbol
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanPS
    /TimesNewRomanPS-Bold
    /TimesNewRomanPS-BoldItalic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-Italic
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Universal-GreekwithMathPi
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Wingdings
    /Wingdings2
    /Wingdings3
  ]
  /NeverEmbed [ true
    /Arial-BlackItalic
    /ArialUnicodeMS
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /LucidaConsole
    /TimesNewRomanMT-ExtraBold
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    28.51654
    28.51654
    28.31811
    28.31811
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ([Based on 'Sheridan'] Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


