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1 Introduction

After being officially detected in late December 2019 (CDC, 2020) in the city of
Wuhan (China) and officially declared a pandemic disease (WHO, 2020a), the
severe acute respiratory syndrome (SARS) disease named coronavirus disease
2019 (COVID-19) has infected >75,000,000 peoples across the world causing
>1,500,000 deaths (WHO, 2020b).

As reported by de Wit et al. (2016) other two highly pathogenic human
coronaviruses were already detected in the last 20 years, the SARS-CoV
(in 2002-2003) and the Middle East Respiratory Syndrome (MERS-CoV,
in 2012). Other known and diffused human coronaviruses infecting of the upper
respiratory tracts belong to the HCoV-229E, HCoV-OC43, HCoV-NL63 and
HCoV-HKUI strains.

When symptomatic, SARS-CoV-2 infection is generally associated with respira-
tory diseases (i.e. pneumonia, dyspnea, fever) but in some cases also with other
symptoms such as headache, diarrhea, vomiting, and nausea (Huang et al., 2020).
The most credited transmission pathway for this infection is by respiratory droplets
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generated by infected patients (Lewis, 2020; National Research Council, 2020; Yu
etal., 2018; WHO, 2020c). However self-transmission by hands after being in touch
with contaminated fomites was also considered another possible transmission route,
suggesting interpersonal distance, hand hygiene, and protective mask use as effec-
tive preventive measures for limiting the spreading of the infection (Tobias, 2020).
Airborne virus transmission (by droplet <5 pm in diameter) at distances greater than
1 m is still a matter of debate (Anderson et al., 2020; Morawska & Cao, 2020, WHO,
2020c). Oppositely, no traces of these studies were reported by Faridi et al. (2020) in
air samples captured from 2 m up to 5 m from beds of patients infected by the virus.
Nevertheless a systematic review of possible airborne transmission of distances from
hospital beds hosting patients infected by SARS-CoV-2 in indoor environment was
recently published, suggesting that SARS-CoV-2 may be transmitted through air in
poorly ventilated indoor environments (Noorimotlagh et al., 2020). In addition,
different experimental studies reported positive results confirming presence and
persistence of the virus in indoor air (Santarpia et al., 2020; Liu et al., 2020;
Kenarkoohi et al., 2020; Razzini et al., 2020; Chia et al., 2020).

Saawarn and Hait (2021) reviewed the presence of the virus in stools of infected
patients suggesting the fecal-oral transmission as a further possible route of trans-
mission (Heller et al., 2020). Twenty-five studies have demonstrated the occurrence
of SARS-CoV-2 in human feces, two of which also found live virus isolated in the
feces samples (Zhang et al., 2020; Ding and Liang, 2020; Wang et al., 2020).
Moreover, SARS-CoV-2 RNA has been identified in raw sewage worldwide
(Foladori et al., 2020). Concomitant with the presence of SARS-CoV-2 viral RNA
in feces and raw sewage, studies also indicated its occurrence in treated wastewater,
primary sludge, and river water (Mohapatra et al., 2020). Although currently there
are no studies available to indicate the fecal-oral transmission of SARS-CoV-2 via
sewage or wastewater systems (Hindson, 2020; Gu et al., 2020), such transmission
cannot be excluded, especially in areas with poor sanitation where contaminated
environments can represent a potential medium of virus transmission (Mehraeen
et al., 2020).

An ongoing discussion is also associated with the contamination (and decontam-
ination) of inanimate surfaces and the persistence of SARS-CoV-2 on different
surfaces and materials represent an important topic (Chin et al., 2020; van
Doremalen et al., 2020). Among the available information about the persistence of
human and veterinary coronaviruses on inanimate surfaces as well as inactivation
strategies with biocidal agents, Kampf et al. (2020) reported that coronavirus can
persist up to 9 days and can effectively be inactivated by different biocidal products.
It was also noted that other environmental and climatic conditions as temperature,
humidity, UV rays concurred to the persistence of the virus on these fomites. In
experimental laboratory studies, infectious virus could not be recovered from print-
ing and tissue papers after a 3-h incubation and from treated wood and cloth on day
2. By contrast, SARS-CoV-2 was more stable on glass and banknotes (4 days) and
on stainless steel and plastic (7 days). A detectable level of infectious virus was
found on the outer layer of a surgical mask on day 7. More recently, other studies
(reviewed in Marqueés & Domingo, 2020) on the stability and infectivity of SARS-
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CoV-2 on inert surfaces have been published (Biryukov et al., 2020; Carraturo et al.,
2020; Colaneri et al., 2020; Morris et al., 2020), confirming that SARS-CoV-2 can
last on different surfaces for times ranging from some hours to few days. The
potential persistence of the SARS-CoV-2 on different surfaces and materials repre-
sents a matter of concern for both public health and environment protection also for
other areas like schools, cinemas, restaurants, bars, and other places different from
healthcare facilities for which specific regulation for infective waste is already
implemented (DPR, 2003; WHO, 2020d). In this perspective also household waste
represents another potential risk of infection spreading.

In particular, wastes generated in houses with subjects affected by COVID-19 are
of particular concern compelling dedicated attention for their management (Nghiem
etal., 2020) as well as household wastes from patients in quarantine in private home.

This aspect involves also another important aspect of social life, that is the
diffused perception among the general population and the operators about the risk
associated with the management of wastes (Gomes Mol & Caldas, 2020). These
problems resulted even more emphasized for the workers of the informal sector, a
very diffused economic activity in some areas of the world, often operating with no
personal protection equipment (PPE) and characterised by the lack of minimal safety
and health protection requirements (Cruvinel et al., 2019).

Even if the criteria delivered by the European Commission (EC, 2020)
concerning waste management during the COVID-19 crisis recommended not to
interrupt the separated collection, the ISS WG considered that it was not possible to
neglect the intrinsic complexity of the waste management and the prominent role
played by the socio-economic implications.

Indeed, the lack of scientific evidences together with the widespread presence of
infected subjects, in some cases not confined in hospitals and medical structures,
makes this a very challenging issue (Nghiem et al., 2020).

The Association of Cities and Regions for sustainable resource management
(ACR+, 2020) reported that different protocols and practices were implemented by
the EU Member States to adopt the waste collection to ensure higher levels of safety
and protection to workers.

As an example, higher amount of waste were temporarily stored when its removal
was delayed due COVID-19 crisis: incineration of household waste potentially
infected by the SARS-CoV-2 and proper procedures for the disposal of PPE used
by health care workers treating patients at their home, were introduced in the UK
without any modification to plant permission (ACR+, 2020).

In Germany, the National Government indicated to put organic, packaging, and
paper waste generated by infected patients treated at home together with residual
waste. Other countries (e.g. Spain, Portugal, Estonia) imposed a minimum storage
time of 72 h to protect against the risks from waste handling, to allow at least some
virus inactivation. Differently, in the USA no specific regulations were introduced
for managing household waste suspected to be potentially infected by the SARS-
CoV-2, besides the adoption of PPE and other precautions already being imposed by
safety regulation for workers. Similar indications were also detected by the Israelian



108 F. Di Maria et al.

Ministry of Environmental Protection, by the Ramallah Municipality in Palestine
and by the Peruvian Ministry of Environment.

All these different attitudes were also attributable to a lack of knowledge about
the virus persistence on surfaces and the role that solid waste and fomites in general
can have on the spreading of the COVID-19. The choice of the different approaches
were mainly driven by socio-economic and cultural perspective, based on the
perception of the potential risk of the transmission of the SARS-CoV-2 infection
by the waste management, rather than by scientific well supported evidence.

Based on these considerations, since the 15th March 2020, during the peak of first
wave of COVID-19 pandemic, a multidisciplinary working group (WG) was
appointed at the Italian National Institute of Health (ISS) gathering medical, biolog-
ical, environmental, hygiene, and engineering experts also involving different stake-
holders such as local authorities and waste management companies. The aim of the
WG has been to provide pragmatic response and guidelines for the management of
the waste generated by patients that resulted positive to the SARS-CoV-2 tests
and/or in compulsory quarantine treated at home or in areas other than hospitals
and medical centers (ISS, 2020).

2 Waste Management

The COVID-109 rises the attention on several aspects concerning public and private
service, imposing new and challenging actions for their adaptation to the specific
emergency situation. Waste management represents, among the other, one of those
services on which particular attention was focused by several governments for
limiting the spreading of the virus and giving adequate protection levels to both
operators and citizens.

Starting from these evidences, the WG was charged to develop proper, feasible,
and viable guidelines oriented to protect from the potential infection both the
workers of waste collection and treatment and the general population that could be
directly and/or indirectly in contact with these potentially infected waste. The
guidelines adopted and published in its first version a few days after the start of
the hard lockdown, were developed on the basis of the available scientific evidence
on the virus persistence on different materials surfaces and on the length of inacti-
vation, also based on the use of disinfectants and/or proper temperatures and length
of disposal treatments.

In fact, as known, SARS-CoV-2 virion consists of a spherical particle of
~100 nm diameter, characterized by a positive single stranded RNA genome
enclosed by a fragile lipid envelope. The damage of the lipid envelope may inacti-
vate the viral particles making the virus non-infectious even if traces of RNA can be
detected also for several hours and/or days.

Based on this evidence the first aspect analyzed by the WG was the identification
of the potential infection routes and exposure scenarios through the whole waste
management chain, from collection to final treatments and disposal.
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The main routes of infections identified were:

1. direct contact with contaminated objects and/or surfaces (Kampf et al., 2020; van
Doremalen et al., 2020);

2. contact with airborne droplets at a distance <2 m (Faridi et al., 2020; Liu et al.,
2020; Santarpia et al., 2020).

For the waste management, several phases were depicted and analyzed based on
the potential involved route of infection and/or exposure to the SARS-CoV-2
(Fig. 1):

1. waste packing and delivering by the users;

2. waste withdrawal by workers and/or trained volunteers;
3. waste transport;

4. waste treatment.

2.1 Waste Packing and Delivering by the Users

Concerning the first step of the whole waste management process, the main related
potential routes of infection can be identified as follows: (1) become in contact with
surfaces and objects infected by the SARS-CoV-2 during the waste handling; (2) risk
of generation of aerosol during withdrawal due to, e.g. waste humidity and bags
compression. Due to the potential risk of contamination by the virus of typical
objects and different materials of household waste (i.e. plastics, paper, metals,
glasses, food, masks, other medical devices) it was suggested as a first general
recommendation to interrupt separated collection and to put all the waste
commingled in the non-differentiated waste bag. This was proposed also to reduce
the risk of virus scattering by the potentially infected materials through several waste
streams and facilities with a further potential risk of enhancing the diffusion of the
virus. A second important recommendation concerned the proper and adequate
packaging of the waste for protecting both the waste handlers and the general
population from possible injury and diseases arising from the contact with this
waste. Therefore, in order to prevent both waste leakage and their mixing with
non-infected waste streams, the use of clearly identified (i.e. by specific color and/or
by specific labels) double flexible plastic bags for packing potentially contami-
nated waste was recommended, together with proper wrapping of sharp materials
before its insertion into the double plastic bag. Before their delivery to collection
workers or properly trained volunteers, these bags should be adequately sealed by
stripes and/or adhesive tape. This last precaution was also indicated by the German
government (ACR+, 2020).

In packing infected household waste, citizens should wear single use gloves to be
disposed of in a new bag, taking the utmost care to peel downwards, away from the
wrist, turning the glove inside out. For preventing the damage of the plastic liner,
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both manual and mechanical compression (e.g. by collection vehicles) have to be
avoided.

In addition, the WG also recommended the adoption of specific PPE and “behav-
ior” to prevent contamination/infections of waste operators, as a specific group at
risk. It was suggested (1) to wear facial filter masks FFP2 or FFP3 to protect the
operator from splashes and sprays; (2) to use a pair of disposable gloves under
normal non-disposable work gloves, in order to prevent skin contact with work
clothes and masks; (3) a specific order in undressing at the end of the work shift;
(4) the way of cleaning work clothes; (5) the replacement of non-disposable work
gloves, in case a broken and/or open bag was handled; (6) sanitization of the driver’s
cab of the vehicles used for the waste collection, avoiding methods that produce
splashes or aerosolize infectious material (ISS, 2020).

2.2 Waste Transport

After collection straightforward transport to the disposal facility, avoiding transfer-
ence stations and other handling operation was also recommended. In this way a
further possible contact with these wastes with other materials and with workers is
minimized.

Avoiding the use of collection and transport vehicles with automatic compaction
systems was also suggested. In fact, larger size vehicles used for the collection are
equipped with hydraulic powered compaction systems able to reduce the volume of
the loaded waste up to 1:4 (Di Maria & Micale, 2013). This can cause rips in the bags
with consequent risk of leakage of waste material representing another potential
route for the diffusion of the virus. This risk can also be emphasized if the same
vehicle is successively used for other collection routes without preliminary adequate
disinfection.

2.3 Waste Treatment

Together with use of disinfectants, temperature and time are identified as the two
main parameters impacting the inactivation of the SARS-CoV-2. Chin et al. (2020)
reported that temperature >70 °C maintained for not less than 5 min. is able to
effectively destroy the infective potential of the virus. Kampf et al. (2020) reported
that at lower temperature (up to 4 °C) the virus resulted degraded after >28 days.
The same author reported that at temperature ranging from 30 to 40 °C the SARS-
CoV survived for a period not longer than 96 h.

Based on this evidence, the most diffused treatment and disposal facilities
adopted in the waste sector were ranked on their ability in achieving the inactivation
of the virus based on the temperature and on the length of the treatment (Fig. 2).
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Fig. 2 Ranking of treatment/disposal facilities for household waste potentially infected by SARS-
CoV-2 based on temperature and time of the treatment

Due to the high temperature levels (>850 °C) (Di Maria et al., 2018) the
incineration was indicated to be the most suitable solution for managing such
waste. Direct insertion in the combustion chamber, with priority respect to the
other waste stored in the facility was also recommended. For this aim different
colors of the bags can facilitate this job. The use of solid PVC bins were not
recommended, in particular for lower size facilities (i.e. 100,000 tonnes/year) due
to the risk of increase in HCI emission caused by their combustion and by the risk of
hopper clogging.

For those areas lacking incineration capacity, sterilization resulted as another
suitable treatment due to its ability of maintaining the materials at temperature from
121 °C up to 163 °C (Windfeld & Brooks, 2016) usually by saturated steam (DPR,
2003; WHO, 2020d). By the way, compared to incineration, sterilization shows two
main limitations: a) narrowed treatment capacity generally limited to a few tonnes/
day and b) necessity of further treatment of the sterilized waste as combustion since
its recycling is not allowed by the current Italian legislation.

Another possible alternative can be also represented by the mechanical biological
treatment (MBT). The most suitable MBT is the one based on those plants operating
according to the bio-drying process, also known as mechanical and biological
stability method (Di Maria, 2012; Di Maria et al., 2012). In this case, after shredding
and eventually removal of bulky items, the whole waste undergoes to an aerobic
treatment, lasting for about 2 weeks and achieving maximum average temperature of
about 55 °C. The combination of these two parameters leads to an effective inacti-
vation of the virus. By the way it is strictly recommended to avoid any contact of the
waste with the operators until the end of the treatment.
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Another largely diffused group of MBT facilities operates according to a different
treatment scheme, based on a preliminary size sorting of the inlet waste by the use of
trommels and/or disk screens (Di Maria, 2012).

After the sorting operation, the oversize materials (i.e. >100 m average size),
consisting mainly of paper and cardboard, plastics, textile, and other high calorific
value materials, are generally moved to other recovery and/or disposal treatments/
operations. The undersize, consisting mainly of the organic fraction, is moved to the
aerobic biostabilization process lasting on average for 2-3 weeks during which
average temperatures >40 °C op to about 70 °C can be achieved. For the MBT
of this group of waste, the sanitation requirements are usually verified only for
the undersize stream subject to the biostabilization process. For the oversize it is
strongly recommended to avoid any contact between the waste stream and the
operators, before and after the treatment. Furthermore, storage of the oversize
fraction for adequate periods (e.g. >96 h) before any further operation is suggested,
since it can provide an adequate level of virus inactivation (van Doremalen et al.,
2020; Kampf et al., 2020).

The last option can also be represented by landfilling if particular care is given to
the waste handling, storage, and burial. In this case it is recommended the identify
clearly the area in which these wastes are disposed, providing also adequate physical
separation with other conventional waste streams and daily cover able to avoid any
airborne dispersions. For landfilling the only parameter acting for the SARS-CoV-2
inactivation is the time even if temperature >70 °C was also detected in the landfill
bodies (Di Maria et al., 2020). By the way it is worthy to highlight that according to
the last EU Directive 2018/851/EC the landfilling of infective waste is not more
allowed. This means that landfilling of these wastes can be permitted only in the case
legal authorities declare the emergency status and just for limited periods.

3 Communication Strategy

Communication together with clarity and soundness is one of the strategic and
relevant aspects for a successful implementation and enforcement of regulation
and guidelines. The communication to the general population and workers was
improved by adding to the guidelines some infographics able to summarize the
main recommendations and suggestions by using pictures and bullet point lists
written in layman language. Furthermore, the guidelines also respond to the multiple
requests of safety procedures coming from stakeholders, including management
companies, operators, and citizens during the COVID-19 crisis making the guide-
lines sound with respect to the current social and economic context.

This said the diffusion of the guidelines was enhanced by adopting different
approaches considering also different target audiences (i.e. companies, operators,
citizens). Briefly, the communication strategy was based on: (1) dissemination by
media and press release; (2) delivering to local authorities; (3) activation of a
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dedicated section of the web site of the ISS “ISS per COVID-19” (https://www.iss.it/
en/coronavirus) for free download; (4) delivery to specific associations.

This was also a keystone activity aimed to increase the awareness of the popu-
lation on practical measures to contain spreading of the virus and on risk prevention.

4 Conclusion

The COVID-19 pandemic has transformed our way of life and also the production of
our urban waste in terms of waste composition and amount. It is now clear that the
management of hazardous waste is essential to minimize long-term risks to human
and environmental health, but it was a challenge to develop specific and effective
guidelines at the beginning of the hard lockdown in Italy for the multidisciplinary
working group, involving public administration, waste management companies,
universities, and health care competences activated by the Italian National Institute
of Health (ISS).

The potential persistence of the SARS-CoV-2 on different surfaces and materials,
including waste generated by (a) patients positive to the SARS-CoV-2 and treated at
home, (b) subjects in preventive quarantine at home or in dedicated areas different
from hospital or medical centers, was perceived as a risk and as a further possible
route for virus spreading.

Beside citizens, particular concern was expressed by operators, trained volun-
teers, other subjects directly involved in waste disposal.

This situation gave rise the request of clear, sound, and adequate information
about the proper procedures, practices, and precautions to adopt for avoiding this
potential risk.

The group of experts at ISS provided specific guidelines to be adopted by all the
subjects directly and indirectly involved in all the different phases of the waste
management sector. The integrated approach gathering multidisciplinary expertise
along with the involvement of main stakeholders resulted in a winning approach
giving a pragmatic but scientifically sounded guidance document in the first emer-
gency period.

The waste handling precaution and adaption varied in different countries, but a
timely and dynamic measures are required to cope with this unprecedented situation.
In Italy, asking for interrupting the separated waste collection for those patients
confined at home or in quarantine was a difficult decision, but this was justified by
the need to simplify the disposal procedure for the infected users and to avoid errors
that may compromise the health of the waste operators: a risk benefit consideration
that although “apparently” not environment-friendly can be considered as a measure
to contain virus spreading and preventive for human health in an emergency
situation.
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