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Introduction 

he explosive growth of the world’s 

population in the last century, which is 

crowded in high-density cities, the difficulty 

in man aging solid and liquid waste, the quantities 

of which keep on increasing despite of all recycling 

efforts (Eurostat, 2020a; USEPA, 2014), and the 

pollution of many of the planets systems, among 

others, makes 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, 

which does not bode well for virus-transmitted 

respiratory diseases when this is combined with 

indications that a worsening of allergic and 

asthma conditions is also expected to occur (US  
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National Academies of Sciences, 2015). In a remarkable foresight related 

to the COVID-19 pandemic, one of the key findings of a 2015 US National 

Academies of Sciences 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 

transported, or disposed off 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 study examined 

the Municipal Solid Waste Management system in Kano Metropolis 

under COVID-19 Pandemic: Challenges. The paper provides an overview 

of the severe challenges placed by COVID-19 onto MSW systems, 

highlighting the essential role of waste management (WM) in public 

health protection during the ongoing pandemic. It also discusses the 

measures issued by various international organisations and countries 

for protection of MSWM employees (MSWEs), identifying gaps, 

especially for developing countries, where personal protection 

equipment (PPE) and clear guidelines to MSWEs may not have been 

provided, and the general public may not be well informed. The need to 

protect MSWEs health has affected the municipal solid waste 

management industry in the study area. The results of the findings 

clearly show that major streets, several open spaces and even water 

ways were turn out to be the refuse dump sites. The study also reveals 

that most of the refuse dumps are left unattended to during the COVID-

19 lockdown. The study further shows that COVID-19 pandemic become 

one of the major caused for the continuous growth of these refuse 

heaps at the shoulders of the major streets, open spaces and water 

bodies which lead to spread of infectious diseases. Therefore, the paper 

concludes with recommendations for the strong legislation protection 

of MSWM industry operating under public health crisis conditions. 
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vector borne pathogens [High Confidence]” (US National Academies of 

Sciences, 2015).  

Higher temperatures decreased the duration of persistence. Wang 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 feces and blood (Zhang 

et al., 2020), and the sewage of several cities (Lodder and deRoda 

Husman, 2020), thus indicating that it can enter the MSW stream. In 

addition, a multitude of items, most prominently, face masks and gloves, 

but also several general use items, which have come into  contact with 

infected people, have been discarded and have become part of the 

landfill led or incinerated MSW. 

COVID -19 was declared a pandemic by the WHO Director General on 

March 11, 2020 (WHO, 2020a) and since then it has create initially a health, 

and subsequently an economic crisis worldwide. The developed world 

(USA, Italy, France) are most hit by the pandemic in terms of number of 

infections and causalities as well as the developing economy such as 

Brazil and India. At a point, the COVID-19 brought the world to her knees 

and is still causing great havoc in virtually all the sectors of the economy 

and on the environment (WHO, 2020a; Nassiri, 2020). Despite the high 

death rates in the developed world, the African people and the economy 

are worst affected. Nigeria is one of the countries in Africa that is 

presently witnessing tremendously upsurge of COVID-19 cases since 27 

February, 2020 when the index case was recorded in Lagos. Since, then 

the case keeps in number of confirmed cases and death. National Centre 

for Disease Control (NCDC) reported the cases in as at 27 December, 2020 

to be: Sample Tested 102,601; Confirmed Cases Death 1,373 (NCDC, 2020).  

One of the major problems facing growing cities in developing world is 

that of coping with wastes generated (Nabegu, 2012). Municipal solid 

waste (MSW) has been recognized as a source of: (i) fecal coliform 

bacteria, salmonellae and protozoan parasites, originating from human 

and pet feces, as well as human noroviruses, from bio solids derived from 

waste water treatment sludge (Gerba et al., 2011); (ii) antibiotic-resistant 
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bacteria (ARB), which have been found in the ambient air down wind of 

waste-to-energy (WtE) or landfill sites (Li et al., 2020); (iii) Hepatitis B 

virus, at a higher prevalence, relative to the general population, in MSW 

employees (MSWEs) due to their exposure to sharp objects in the MSW 

stream (Ansari-Moghaddam et a., 2016; Corrao et al., 2013); and (iv) 

general health problems in MSWEs, which are exhibited through 

respiratory symptoms, lung function impairments, infections and 

inflammations, low hemoglobin and erythrocyte levels, etc. (Abdulah et 

al., 2020; Keesstra et al., 2018; 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, aluminum, 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) from 2 hours to 9 days.  

 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.) 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 analyze: (i) 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; (ii) the potential temporary storage of 

infected municipal solid waste (IMSW) during pandemics in order to 

alleviate the pressure on medical incinerator facilities; (iii) the upgrading 

of safety measures in landfill and WtE operations, and (iv) 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: (i) 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; (ii) 
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adjust recycling activities to avoid cross-contamination and infections; 

and (iii) 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, 2020a). Some of the common methods 

for inactivation of pathogen(s) in solid waste (SW) are: incineration, 

steam treatment technologies (autoclaves and hydro clave), chemical 

(for small quantities), and micro wave 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 reexamine all processes involved, 

from waste identification, classification, collection, separation, storage, 

transportation, recycling, treatment and disposal, as well as its 

infrastructure resilience. The current examined the Municipal Solid 

Waste Management system in Kano Metropolis and the 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. Thus, the main aims of this paper are to: (i) critically examine 

the information regarding the sources, generation, collection and 

storage of MSW under the existing SWM system, (ii) assess the technical 

capabilities of MSW-disposal installations, (iii) determine the potential 

threats due to open dumping and land filling of MSW, and (iv) establish 

strategies and provide suggestions for effective SWM during this and 

future pandemics.  

 

STUDY AREA AND METHODOLOGY  

Kano metropolis is the second largest city in Nigeria and the largest city 

in the Sudan Savanah ecological zone of Nigeria with 499 square 

kilometers (193 square miles). It is located between Latitudes 12025’ to 

12040’N and Longitudes 8035’ to 8045’E. The climate of the study area is 

the tropical wet and dry Aw by Koppen’s classification, with a mean daily 

temperature of 300C. The months of December to February are colder, 

with the lowest temperature recorded around 200C. The rainfall regime 
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is characterized by two seasons, namely, the rainy season from May to 

October and dry season from November to April. The average annual 

rainfall is about 884mm increasing from north to south. In the extreme 

south it could reach 1200mm per annum (Gaya et al., 2018; Liman, Idris, 

and Mohammed, 2014).Climatic factors play a crucial role in the municipal 

waste management of the study area which directly affects the 

environmental health of the waste workers and the inhabitants (Nabegu, 

2012). The climatic nature of the study area indicates that solid waste 

management require adequate Government commitment and public 

health protection during the ongoing pandemic. Kano Metropolis had 8 

local government areas, with a population projected to be around 4.2 

million currently with natural growth rate of 3% (NPC, 2009). Not only is 

Kano northern Nigeria’s most populous state, but the Metropolis is the 

region’s most populous Centre. The metropolis also has a large migrant 

worker population which has been increasing at the rate of 35 to 45 per 

cent per annum (Nabegu, 2015). These figures indicate that solid waste 

generation is likely to be significant in Kano metropolis and that its 

management would require innovative strategies (Nabegu, 2017). Kano 

metropolis is one of the most crowded cities in Nigeria, hence generation 

of municipal wastes in heaps on daily basis are enormous.  

Stratified random sampling method was used in this research derive our 

sample out of the population. Social class stratification was also used in 

order to derive the sample from the existing population.  High, medium 

and low social classes residents were being studied both traditional city 

and Modern Township of Kano, fifteen residents each from eight 

identified residential wards selected, which represents 25% of the total 

residents that volunteered to provide information. The study also 

employed direct observations (reconnaissance survey) at the preliminary 

level of the study to get first-hand information on the effects of CONVID-

19 on the Municipal solid waste management in Kano Metropolis.  

 

RESULTS AND DISCUSSION  

Sources of municipal solid waste during the covid-19 lockdown 

Table 1 shows the contribution of identified sources of municipal solid 

waste in Kano metropolis during covid-19 lockdown. The household 



 

TIMBOU-AFRICA ACADEMIC PUBLICATIONS 
AUG., 2021 EDITIONS, INTERNATIONAL JOURNAL OF: 

 

TIJBEES 
226 

BUILT ENVIRONMENT & EARTH SCIENCE VOL.6 

ISSN: 1881-2167 

sector in Kano metropolis produces the largest amount of waste in the 

city accounting for 59.05% during covid-19 lockdown this is in contrast 

to Bangalore, India, where commercial sector was reported to account 

for a higher amount. The differences between Kano and Bangalore can 

be explained by the fact that even though the two cities are in 

developing countries, enormous variation exists in the level of 

development between them in terms of the size of the middle class 

where Bangalore has 28% of its urban population made up of middle 

class and Kano metropolis less 8%. There is also a difference in culture 

which impacts on the sources and types of waste generation. The waste 

generated by various institutions located in Kano metropolis accounts 

for only about 1.85 per cent.  Industries located within residential areas 

generate a small amount of solid waste, 0.62% and most of it is recovered 

for recycling and reuse, and only a small per cent finds its way into the 

city waste stream. 

 

Table 1: Sources of municipal solid waste in Kano metropolis 

during covid-19 lockdown 

S. No.     Sources              Percentage  

  1.          Residential                 59.05 

  2.          Commercial                6.93 

  3.          Industrial                   0.62 

  4.          Medical                     29.65 

  5.          Institutional               1.85  

  6.          Others                       1.9  

Source: Fieldwork 2020 

 

Waste type, composition and quantum during COVID-19 lockdown 

According to estimates, by the state agency responsible for waste 

management in Kano metropolis, the city generates currently 

approximately 3,000 tones of solid waste per day. However, from the 

research, it was estimated that Kano metropolis generates about 3085 

tones of solid waste per day. The difference is mainly due to the fact that 

in this study, waste from industries located within residential areas is also 

considered as a component of the total urban solid waste generated in 
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Kano metropolis. 

From the samples of solid wastes collected from the different dump 

sites and sampled households in the eight wards. Table 2 shows the 

different categories of waste observed in the eight residential wards of 

Kano metropolis. Analysis of waste type shows that Kano metropolis’s 

solid waste consists to a large extent of organic and other biodegradable 

matter (43%) and the 57% non-biodegradable made up of substantially 

dirt, ash and other household trash - typical of low income developing 

country (Ramachandra and Bachanda 2007). Due to the composition of 

the waste, especially the findings in this study of substantial presence of 

faecal matter in the waste, many health and environmental issues are 

foreseen. 

 

Table 2: Waste type and composition in eight residential wards 

of Kano metropolis  

Categories                       Metropolitan city     Peri-Urban  

Food scrap                           43                           40 

Paper cardboard                   40                             5  

Textile rubber                      17                             4  

Plastic material                    27                             6  

Metal                                   25                             3  

Glass                                   19                              1  

Ash, dirt                              19                             20  

Vegetable                            10                             21  

Source: Fieldwork 2020 

 

Biodegradable wastes which are generated in very high quantity, could 

however, be diverted from the dumpsites and landfills, effectively 

reducing the bulk of municipal solid waste for disposal and the space 

required for the purpose causing a reduction in the municipal expenses.  

Waste management investments can then be shifted to resource 

recovery and development strategies that could relieve the governments 

of the heavy burden of financing and managing the waste disposal 

systems. It was estimated that there are roughly 25,000 waste pickers in 

the city whose average per capita collection is about 15 kilograms per 
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day. Collecting about 312 tones of waste per day, the waste pickers 

recover about 10 % of waste generated even though the lockdown has 

restricted their activities. The waste collected goes to various small and 

large recycling units located in the city. Formal involvement of 

government in this sector will in no small way help reduce youth 

unemployment most especially environmental employee and reduce the 

volume of waste and provide cheap raw material to industry (Nabegu 

2008a). Which the lockdown put their activities on hold.  

 

Solid waste management 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). Shutdown of 

hotels, restaurants, and other food-related services due to lockdown and 

social distancing measures has driven outdoor rats indoors. Due to less 

garbage in these hotels, restaurants and few streets within the 

metropolis, there are reports of a 55% increase in indoor rat infestation in 

urban areas in kano metropolis. 

 

Rate or Status of waste management service coverage in the metropolis 

during the lockdown 

Table 3 shows the perception of respondents as to the extent of coverage 

in the provision of waste management services in Kano metropolis 

 

Table 3: Waste management service coverage in the metropolis during 

the lockdown 

Coverage/Services               Percentage 

Up to 20%                                    65.2    

Up to 30%                                      27.8  
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More than 50%                                7 

Source: Fieldwork 2020 

 

A majority (65.2%) solid waste collection in Kano metropolis extends to 

only a limited part of the population and that wastes at their areas are 

collected occasionally and 27.8% reported that wastes are never collected 

during the lockdown. The collective responses of occasionally and never 

represents 93% by large speaks on the reason of enormous wastes 

uncollected in the environment. Further question to elucidate the 

collection occasionally and indicated that sometimes it take a month or 

more than before REMASAB visit the main roads on their areas. The 

private waste agencies that use to come either on weekly basis hardly 

come around during the lockdown. This leaves the environment with 

overflowing waste bins and wastes of different kinds in the environment. 

 

Table 4: Disposal methods by residents during covid-19 the 

Lockdown 

Location                                 Percentage (%)  

REMASAB bin                         3.75 

Authorized dump site                     16.25  

Unauthorized empty plot                66.25  

Burning                                                 3.75  

Personal bin                                      13.25 

Source: Fieldwork 2020 

 

Waste disposal practice during COVID-19 the lockdown  

Table 4 shows the various waste disposal practices in Kano metropolis. 

More than two-third of the residents do not use authorized dumpsite for 

their waste. According to the state agency responsible for waste 

management-refuse management and sanitation board (REMASAB), 

solid waste in Kano metropolis is to be dumped by the public at 

designated collection areas which are made up of metal boxes that are 

easily loaded on to trucks mechanically or made of block. Even where 

these are available, the waste are thrown in a more or less uncontrolled 

manner and the file of waste does not allow free access to waste points 
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and often produce unpleasant and hazardous smoke from slow burning 

fires. Before the Impact of COVID-19 lockdown few areas within the 

metropolis like Nasarawa GRA, Hotoro GRA, Tarauni, Bompai have a 

proper way of solid waste handling mainly through individual household 

efforts, but during the COVID-19 lockdown left them with no option than 

to maintain the old tradition with burning within their premises.  

The present disposal situation is expected to deteriorate even more with 

rapid urbanization, as settlements and housing continue to encircle the 

existing dump and the environmental degradation associated with these 

dumps directly affect the population. However, the practice of 

disposing mixed waste without treatment has a price to pay in terms 

of collection, transport and disposal costs, loss of valuables 

(recyclables, reusable and repairable) and the impact on the 

environment due to air, water and soil pollutions, and associated health 

risks that ultimately impact the economy. This economic impact creates 

lack of resources for municipal solid waste management and hence a 

vicious cycle is generated unless remedial measures are taken to break 

the circuit, the cycle continues and expands leading to further 

environmental degradation. It was also observed in this study, even the 

residents that collect and transport the waste to the collection/transfer 

point from where the waste should be collected immediately by 

REMASAB, collection is never immediate and this creates not only 

unhygienic dump but resistance from residents close to the collection 

points, thereby disrupting the whole operation. In this study, 70% of the 

residents do not have an authorized dumping site for their waste. This 

confirms a nationwide survey by the Federal Office of Statistics (2019) 

which found that 52% of urban households in Nigeria do not have access 

to an authorized dumping ground. In this study, it was also observed 

that households are mainly interested in receiving effective and 

dependable waste collection service within their immediate vicinity. A 

positive relationship between income levels and waste generation at the 

household level has been established (Nabegu 2008; Rotich et al. 2006). 

In this study, it was also observed that wastes were dumped in the open 

space on the street at close proximity to the houses and public places 

and some were dumped very close to the river, while others were 
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dumped right into the river due to the absent of environmental workers 

during the lockdown, especially in the city and the suburban areas. 

Disposal of solid wastes into water bodies may be detrimental to aquatic 

organisms.  Release of wastes with high quantity of nitrates and 

phosphate compounds into rivers could result in obnoxious algae blooms 

(Paleologos et al., 2020).   

An important stream of SW is H&MW, which is primarily categorized into 

non-hazardous and hazardous waste. In developing nations, the 

respective quantities vary between 35% - 98.7% for the non -hazardous 

component, and from 1.3% to 65% for the hazardous one, depending on 

socio- economic conditions and per capital gross domestic product 

(Ansari et al., 2019; Sadat 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 

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 hospitalized 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 the case of 

kano metropolis 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.  

In many countries, there existed regions where there were no 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 neighbor 

hoods 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 burden unduly medical 
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incinerators. In certain countries, such as the United Kingdom (UK), 

public health agencies have recommended that all waste which has come  

into contact with self-isolating individuals should be double -bagged, 

stored for 72 hours, and only released to the general waste if the 

individuals test results return as negative (Letsre cycle. com, 2020; ACR, 

2020). 

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: (i) collection is done by untrained/unskilled personnel that do not 
take appropriate precautions, (ii) inadequate number of bins exist in a 
neighborhood (Odonkor et al., 2020; Saadat et al., 2020), and (iii) 
contaminated items, such as masks, gloves, and other get to be thrown 
out in the streets (Ritzkowski , 2020).   
The rapid increase of SW during the pandemic has burdened many 
disposal sites, some of which were already operating at design capacity. 
For example, Yu and Dhong (2020) estimated that in the past years in 
China, MSW generation rose by about 40%, from about 154 million tons 
in 2008 to 215 million tons in 2017. Although China has set a target to 
increase in the next five years its incineration rate 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) MSW 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, cement factories, etc., may be used as standby facilities 

for MSW disposal during emergencies; and (d) promoting public 

awareness campaigns about the importance of disposing MSW 

separately from regular household waste.   

 

Policies and guidelines and recycling during the COVID-19 pandemic   

International organizations and countries have issued numerous 

communiques and guidelines related to SWM services during the 
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pandemic. The European Commission (EC) April 14, 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 patients room. The care givers gloves 

and mask after each visit to the patient must be placed in a separate bag, 

which must be located outside of the patients room. Both bags must be 

individually tied, and inserted in to 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 (EUR- Lex, 2008), as 

interpreted for the circumstances of the pandemic by the European Cent 

re for Disease Prevention and Control (ECDC, 2020a) in various updates. 

The May 13, 2020 guidance by ECDC (2020a) recommended that those 

healthcare facilities staff “engaged in environ mental 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. (UN, 2011; WHO, 2012), in terms of their packaging, 

labelling, and documentation requirements, and ECDC (2020b) 

specialized these transportation regulations in the context of the COVID-

19 pandemic.  

European Union (EU) member states adapted the ECs and ECDCs 

recommendations to their particular SWM industrys characteristics 

(existence and 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, 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 
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occasional manual sorting. Thus, for example, in plastic recycling plants, 

workers must oversee the operation of conveyor belts and manually 

remove unwanted materials.  

House-to-house collection of MSW (Botti et al., 2020) is the most 

practiced 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 

to 4 million people (India Spend, 2017). Waste-pickers in some areas of 

Kano metropolis 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 Kano, 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 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. Several 

local authorities in Nigeria 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 Nigeria 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 (in some cases being 14, and in other 

cases 28 days) may lead to failure of this strategy to contain the spread 

of COVID-19.   

 

Conclusions and recommendations  
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 minimization 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 
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containers (Adam cová 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 minimizing 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 centralized WtE 
systems. Ashes from waste and sludge incineration can be used as 
additives to cement used in construction (Rutkowska et al., 2018).   
The pandemic has posed a challenge to currently available sterilization 
techniques, which frequently damage materials upon sterilization. The 
need for effective alternatives has driven research to investigate the use 
of supercritical carbon dioxide (scCO2) and other super critical fluid 
technologies (Hrni et al., 2020; Siddiqi et al., 2020). Supercritical 
sterilization appears to have the potential not only to replace 
conventional techniques, but also to prove effective for sterilization of 
sensitive materials (Ribeiro et al., 2020). Understanding bio aerosol 
generation and transport is extremely important, especially for 
developing countries, many of which still utilize 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). Bio aerosols 
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. 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 down to the national entities, 
such as the ISWA and WHO, European organizations, such as the EC and 
the ECDC, US departments and agencies, such the Department of Labors 
OSHA, the DOT, and the NCDC, and ministries, agencies, and 
organizations (e.g., Nigerian Pharmaceutical Association, 2020), which 
provide valuable information that can be consulted and used as 
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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; (b) effect of the disinfectants on the activities of 
microorganisms in the leachate and during MSW decomposition, as well 
astirhalo methane generation during  OM degradation  in various 
biological treatments; (c) characteristics of the volatile organic 
compounds generated during the heat treatment of IMSW; (d) possible 
utilization  of disinfected/sterilized 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 analyzing the cost of mitigation measures, as 
well  as the social acceptance of such interventions, and (f ) identifying 
the mechanisms and factors affecting virus transport and activation in 
landfill  barrier material, the soil, and ground water.   
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