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Abstract 

Background The COVID-19 pandemic exerted substantial pressure on global healthcare systems and facilities, put-
ting the lives of countless individuals at risk. In addition, the treatment of patients during the pandemic resulted in an 
unprecedented increase in the volume of medical waste generated, including biomedical waste (BMW) or healthcare 
waste (HCW), which poses a risk of infectious disease transmission. As the second most populous country in the world, 
India faced a severe challenge in managing its healthcare waste infrastructure during this time (2020–2021). Proper 
disposal of BMW was of utmost importance to prevent the spread of infectious agents and to safeguard public health.

Methods The environmental monitoring and management framework of the country is well planned and governed 
by the Central Pollution Control Board (CPCB), which carefully handles the BMW across the states and union territory 
of the country. Through the execution of Android based application named ‘COVID19BMW’, India has laid the founda-
tion of identification, classification, data collection, and management regarding the BMW. Further, the temporal scale 
of BMW generation tracking was further improved from a monthly to a daily basis by using the COVID19BMW tool. 
This data was used to map the change taken place across the India. Additionally, by using Geographical Information 
System the BMW is mapped using Choropleth method.

Results The current study conducted a national-level analysis of BMW generated during the COVID-19 pandemic 
in India. The results revealed that, in the year 2020, the seven states and the National Capital Territory (NCT) of Delhi 
generated the highest amounts of BMW, with Gujarat, Maharashtra, Kerala, Karnataka, Tamil Nadu, Uttar Pradesh, and 
West Bengal being the top BMW generating states. Additionally, the change detection equation was used to map the 
changes. The investigation analysed the daily changes in BMW generation between 2020 and 2021 at the national 
level. The results indicated a significant decreasing trend of -50.35% in BMW generation per day. In the case of Maha-
rashtra state, the change detection analysis for the pre-COVID-19 and post-COVID-19 pandemic periods showed an 
increased trend of approximately 32%. However, in 2021, a decreasing trend was observed, with a -2.23% reduction in 
BMW generation compared to 2020 on the daily basis of BMW generation. These findings suggest that the COVID-19 
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pandemic has influenced BMW generation of waste, and the results can provide insights for improving waste man-
agement policies and practices.

Discussion In this study, a Geographical Information System (GIS) was employed to create a mapped representation 
of the BMW data at national scale. Further, the study investigated changes in BMW generation in Maharashtra state 
during the COVID-19 pandemic. Analysis of changes in BMW generation revealed a pattern of BMW generation during 
the pandemic. The use of GIS technology to track these changes proved to be a valuable tool in providing a synoptic 
view of the overall BMW condition across India and identifying areas where infectious waste poses a significant threat. 
The visualisation of data using the GIS technique provided an easy means of identifying hotspots of BMW generation, 
which is more effective compared to a tabular format.

Keywords Bio Medical Waste (BMW), COVID-19, COVID-19 related waste, Geographical Information System (GIS), 
Health care waste

Introduction
Coronavirus disease (COVID-19) is an infectious disease 
caused by the SARS-CoV-2 virus. COVID-19 is a conta-
gious illness caused by a novel coronavirus. COVID-19 
is the third large zoonotic coronavirus illness outbreak 
in less than two decades [1]. Due to COVID-19, the 
pressure on the healthcare system has been increased. 
Since the year 2020, the outbreak of COVID-19 has cre-
ated an immense increment in the generation of Bio 
Medical Waste (BMW). Although BMW represents a 
relatively small portion of the total waste generated in a 
community, medical waste management is considered an 
important issue worldwide [2]. Different countries in the 
world have different terminologies for medical waste, 
like health care waste (HCW). According to the World 
Bank, HCW management is a process to ensure proper 
hospital hygiene and the safety of health care workers 
and communities. It includes planning and procure-
ment, construction, staff training and behaviour, proper 
use of tools, machines, and pharmaceuticals, proper 
disposal methods inside and outside the hospital, and 
evaluation [3]. The BMW disposal system in developing 
countries is quite improper because of lack of availabil-
ity of treatment and related facilities. Due to the pres-
sure of over-crowded hospitals, workers make mistakes 
and get infected by them. Adopting the proper manage-
ment of medical waste inside health facilities, by incin-
eration or sterilising and shredding, can greatly reduce 
the transmission of infection and the transmission of 
pathogens [4]. Biomedical waste is not treated in the 
same way as municipal garbage is. Under the Ministry of 
Environment, Forest, and Climate Change (MoEFCC), 
the central pollution control board (CPCB) is the apex 
body for monitoring the country’s BMW management 
operations. Each state has its own state pollution con-
trol board, which monitors and regulates BMW opera-
tions in the state and reports findings to the CPCB [5]. 
Bio-medical waste means any waste which is generated 

during the diagnosis, treatment or immunization of 
human beings or animals or research activities pertain-
ing thereto or in the production or testing of biologicals, 
and including categories mentioned in Schedule I of the 
bio-medical waste management and handling rules 1998 
[6]. And, Health care facility means a place where diag-
nosis, treatment or immunisation of human beings or 
animals is provided, irrespective of the type and size of 
the health treatment system, and research activity per-
taining thereto [7]. In the share of BMW, nearly 85% is 
general, non-hazardous waste comparable to domestic 
waste. The remaining 15% is contagious, hazardous, and 
prone to infection with chemical or radioactive proper-
ties. The BMW contains pathological, infectious, sharp, 
chemical, cytotoxic, pharmaceutical, radioactive waste, 
etc. [8]. BMW is generated in both the government 
and private sectors in India. The private sector plays an 
important role in providing services in both rural and 
urban areas and can play a key role in responding to 
disease outbreaks and pandemics [9]. It is always in top 
five health care waste producers. During the COVID-19 
pandemic, the highest cases have been recorded in the 
Maharashtra state, and it is the highest BMW produced 
in India. Any waste create multiple environmental and 
administration issue. Here, in case of COVID-19 BMW, 
the scenario identification across the nation during first 
and second wave is made crucial to depict the threat of 
this infectious waste. Thus, the objectives of this study 
is to determine how much BMW was generated in India 
during COVID-19 pandemic and map the changes 
occurred between 2020 and 2021, additionally to make 
visualization of the whole statistics by using Geographi-
cal Information Science (GIS). Moreover, for Maha-
rashtra state the pre-COVID-19 (2018, 2019) BMW is 
available and was used to differentiate previous condi-
tion and during COVID-19 pandemic condition (2020, 
2021) with the help of rate of change observed and GIS 
based map forms.
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At a Glance: India and Maharashtra State
The location of India and Maharashtra State is dis-
played in Fig.  1, India is the second most populous 
country in the world, covering an area of 3.3 million 
 km2. The climate of India can broadly be categorised 
as a tropical monsoon one. But, in spite of much of 
the northern part of India lying beyond the tropical 
zone, the entire country has a tropical climate marked 
by relatively high temperatures and dry winters. There 
are four seasons: winter (December-February), summer 
(March-June), the south-west monsoon season (June–
September), and the post monsoon season (October–
November). From a geographical view, the mainland 
comprises of four regions, namely the great mountain 
zone, the plains of the Ganga and the Indus, the desert 
region, and the southern peninsula [10]. India was the 
first country in South Asia to establish a legal frame-
work for the management of health care waste. The 
development of India’s legal framework began in 1995 
[11]. Maharashtra State is located in the western and 
central parts of India and has a 720 km long coastline 
along the Arabian Sea and is also fortified naturally 
by the Sahyadri and Satpuda mountain ranges. For 
administrative convenience, the state has been divided 
into 36 districts and six revenue divisions. With a pop-
ulation of 11.24 crore, as per Population Census 2011 
and with geographical area of about 3.08 lakh  km2 the 

State ranks second by population and third in terms of 
geographically spatial coverage. Maharashtra is one of 
the highly urbanised states in India [12].

Material and methodology
Data
The BMW data during the COVID-19 period is available 
on the Central Pollution Control Board website (Source: 
https:// cpcb. nic. in/ covid- waste- manag ement/). The data 
contains the waste generated in each state and union 
territory of India. Reports from May 2020 to December 
2021 are available. The Maharashtra Pollution Control 
Board (MPCB) published a report on BMW management 
at district level for the years 2019 and 2020, which can be 
downloaded from its official website (Link: https:// www. 
mpcb. gov. in/ waste- manag ement/ biome dical- waste). The 
Unique Identification Authority of India (UIDAI) pro-
jected population data was downloaded from https:// 
uidai. gov. in/ images/ state- wise- aadha ar- satur ation. pdf 
[Accessed on Feb 25 2022].

Literature for this study
The scientific literature was gathered from Scopus and 
Web of Science indexed journals in order to evaluate 
the state of healthcare waste (also known BMW) during 
COVID-19 pandemic. Additionally, for recent updates 
in the advisory, reports on BMW rules, management, 

Fig. 1 Location of Maharashtra State of India

https://cpcb.nic.in/covid-waste-management/
https://www.mpcb.gov.in/waste-management/biomedical-waste
https://www.mpcb.gov.in/waste-management/biomedical-waste
https://uidai.gov.in/images/state-wise-aadhaar-saturation.pdf
https://uidai.gov.in/images/state-wise-aadhaar-saturation.pdf
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treatment, and disposal of COVID-19 waste, the official 
websites regarding health, pollution control boards, and 
public domain portals were visited to download the data, 
tables, or posters.

Biomedical waste in the current scenario
The general flow of BMW life cycle in India is the 
cradle-to-grave approach is utilized to manage BMW, 
encompassing the characterization, quantification, 
segregation, storage, transportation, and treatment 
of the waste [13]. Lack of proper management of 
waste places a heavy load on ecosystems and endan-
gers public health. All waste management techniques 
come with trade-offs for the environment, such as air 
pollution from incineration, methane emissions from 
landfills, or the energy costs of transporting recycla-
bles over vast distances (often internationally) to cen-
tral facilities [14]. In the COVID-19 global pandemic, 
modification to existing waste facilities to control the 
unusual medical waste and its associated viral spread 
effect requires proper information on the amount 
of biomedical waste generated, hot spots for waste 
generation and available treatment facilities [15]. 
Globally, as a result of COVID-19, there has been 
an increase in the production of BMW; this has led 
to serious concerns about its management. Process-
ing centres were overloaded by such waste, through 
the departments of such centres, food waste was also 
included as part of infectious COVID-19 waste [16]. 

Because the bulk of personal protective equipment 
(PPE) goods are designed for single use, the increased 
use and demand for medical grade and non-medical 
(or civil use) PPE has worsened the already signifi-
cant worldwide waste management dilemma. BMW, 
including PPE, was commonly cremated prior to the 
epidemic. The PPE used by an expected 5 billion 
extra individuals adds to the waste volume currently 
created and disposed of by incineration. Without a 
stronger end-of-life plan, plastic garbage is expected 
to quadruple in volume over the next 20  years, with 
the quantity entering the world’s seas quadrupling 
[17]. Further, the CPCB has timely provided the 
guidelines for the segregation of COVID-19 related 
waste. Figure  2 shows the post representing medical 
waste segregation at the isolation ward level. Also, 
hazardous waste generated during COVID-19 treat-
ment at a health care facility is portrayed in Fig.  3 
[18]. WHO has provided the COVID-19 related 
healthcare waste generated and its potential threat of 
infection in Table 1 [19].

India’s laws and legislation
The rules framed by the Ministry of Environment and 
Forests (MoEF), Govt. of India, known as the "Bio-Medi-
cal Waste (Management and Handling) Rules, 1998, noti-
fied in July 1998, provide uniform guidelines and a code 
of practise for handling health care waste. In March 2016, 
the Ministry of Environment, Forest and Climate Change 

Fig. 2 Onsite waste segregation of COVID-19  (Source: https:// cpcb. nic. in/ uploa ds/ Proje cts/ Bio- Medic al- Waste/ Poste r1_ covid. jpg)

https://cpcb.nic.in/uploads/Projects/Bio-Medical-Waste/Poster1_covid.jpg
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(MoEFCC) Bio Medical Waste Management Rules, 2016 
were revised. Biomedical waste categories and their 
segregation, collection, treatment, processing, and dis-
posal options were documented in BMW Rules 2016 as 
attached in the supplementary material.

Tracking of biomedical waste through an android 
application
"COVID19BWM" is a software application for tracking 
the generation, collection, and disposal of COVID-19 bio-
medical waste at various health care facilities and hospi-
tals (HCF), quarantine centres, isolation wards, testing 
labs, covid-19 sample collection centres, and urban local 
bodies involved in waste collection from home quarantine 
centres and homecare units. This application will allow 
information to be shared across many stakeholders [20]. A 
web-based application is also available for the authorities 
to monitor BMW. Figure 4 shows an Android-based appli-
cation to collect the BMW generated during COVID-19 
pandemic—COVID19BMW.

Monitoring and treatment of BMW during COVID‑19
In addition to the health problems, COVID-19 has 
a significant long-term impact on our environment, 
which will in turn have a wide impact on all life forms. 
Although our main concerns right now are health-
related, widespread misunderstanding of environmen-
tal issues will lead to many more deaths in the future 
[21]. A healthcare waste management strategy refers to 
a facility’s programme for managing generated waste 
for disposal. It always addresses: (1) compliance with 
guidelines; (2) responsibilities of staff members; (3) defi-
nitions/classification of healthcare waste; (4) specific 
procedures for handling healthcare waste; and (5) train-
ing of related workers. Different countries have adopted 
different strategies in response to the management of 
the large and contagious amount of waste produced 
during the COVID-19 pandemic [22]. The Biomedi-
cal Waste Management Rules, 2016 and the guidelines 
issued by the CPCB require common BMW treatment 
facilities (CBWTFs) to operate in accordance with the 

Fig. 3 Hazardous waste generated from the response to COVID-19 [18]

Table 1 Main types of COVID-19 related healthcare waste [19]

Item Type of waste Requires safe handling and treatment

Mask Infectious Yes

Gloves Infectious Yes

Gown Infectious Yes

SARS-CoV-2 Rapid Antigen Test (RAT) Non hazardous Most components are recyclable; a very small volume of reagent may 
require safe handling and disposal if dealing with large numbers of 
tests

PCR testing cartridge Chemical Yes (contains guanidinium thiocyanate)

Vaccine vial Non hazardous No

Vaccine needle Sharps Yes (packaging material is recyclable)

Plastic packing and containers Non hazardous No
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standards notified under the Biomedical Waste Man-
agement Rules, 2016. State Pollution Control Boards 
or Pollution Control Committees are the authorities in 
charge of enforcing the rules and ensuring compliance. 
BMW generated at state level in India in the year 2020 
(tonne/month) is shown in Table  2, and BMW gener-
ated in the year 2021 (tonnes/day) is shown in Table 3. 
In the current situation of pandemics, the public sector 
is working hard to strengthen infrastructure and limit 
such events in order to reduce environmental pollution 
and ensure the timely disposal of BMW, particularly 
COVID-19-related trash [21].

Using Geographical Information System (GIS)
The COVID-19 pandemic, there emerges need of collab-
orative geospatial infrastructure to understand the situa-
tion in a better way at various levels. Increasing need of 
real-time maps, location-wise information to monitor the 
data along with data analytical tools has significant role 
in providing information to its stakeholder [23]. With 
the help of the Geographical Information System (GIS), 
we can prepare thematic maps. Thematic maps focus on 
a particular theme or topic. A Choropleth map is also a 
kind of thematic map in which maps contain areas that 
are shaded or patterned in proportion to the statistical 
variable being displayed on the map. Data is aggregated 
over predefined areal units. It will be best fitted while 
using it with standardisation [24]. For the current study, 
a shape file of Indian states and districts of Maharashtra 
state has been engaged and provided the attribute data 
as shown in Tables  3 and 4. The quantile classification 
approach equalises the quantity of values for data classes 

at the extremes and the middle. On the map, each class 
is evenly represented, and calculating the classes is sim-
ple. For ordinal data, quantile classification is also highly 
helpful [25].

Bio‑Medical waste management in Maharashtra State
MPCB has begun issuing authorization for the disposal 
of BMW to health care establishments (HCEs) in accord-
ance with the Bio-Medical Waste Management Rules, 
2016 [7]. The details of medical waste generated in Maha-
rashtra State from 2020 to 2021 are shown in Table 4 [26, 
27]. To compute the change before the COVID-19 pan-
demic and after the COVID-19 pandemic in the situa-
tion of waste generated, the following formula is used to 
quantify the change in %.

a = BMW generated last year; b = BMW generation in 
the current year;

BMW management and its relationship 
with the sustainable development goals and the circular 
economy
Any kind of waste poses a threat to components of the 
environment. BMW is hazardous and contagious and can 
be dangerous to animals and humans as well as water, 
land, and air if mishandled. The proper handling, treat-
ment, and disposal of waste generated in health care 
facilities protects people, animals, and the environment. 
In September 2015, the United Nations Assembly, with 
193 committee members, set 17 Sustainable Develop-
ment Goals (SDGs). Health care waste management is 

(1)Rate of change (%) = (b− a)/a)× 100

Fig. 4 COVID19BMW Android Application by CPCB
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closely linked with SDG 3: Good Health and Well-being, 
SDG 6: Clean Water and Sanitation, SDG 8: Decent Work 
and Economic Growth, and SDG 12: Sustainable Con-
sumption and Production [28]. Also, a study conducted 
by Singh et  al. [29] shows that there is an opportunity 
for sustainable resource recovery and recycling of plastic 
materials from medical waste. And, to avoid catastrophic 
accumulation of infectious waste during and after pan-
demics, it is crucial for all countries to implement envi-
ronmentally sustainable management of medical waste. 
This will not only add value to the circular economy 
framework, but will also help reduce emissions.

Results and discussion
Application‑based monitoring with COVID‑19BMW
This application represents a ground-breaking devel-
opment in the field of real-time waste management. 
It allows for a more comprehensive understand-
ing of waste generation at various stages, including 
but not limited to waste generators, waste handlers, 
and centralized biomedical waste treatment facili-
ties (CBWTFs). The collected data is categorized in 
accordance with the 2016 BMW management guide-
lines, facilitating segregation at the point of generation 
and informing treatment decisions based on the type 
of waste. This approach significantly reduces the time 
required for waste segregation during treatment. The 

application collects data at a national level, enabling 
real-time tracking of waste generation, flow, identi-
fication of hotspots, and informing decision-making 
regarding necessary future actions. Monitoring the flow 
of waste generated from a multitude of sources is a crit-
ical component of identifying hotspots. The COVID-
19BWM application has played an instrumental role in 
monitoring waste generation and identifying the need 
for additional CBWTFs for safe disposal and treatment. 
The collected data is highly reliable and can be used to 
create location, district, and state level maps. The data 
collected using this application is displayed in Tables 2, 
3 and 4.

GIS‑based map analysis of India
To map the BMW generated during the year 2020, 
numerical data in tonnes/month is collected as a second-
ary data. And, for sake of understanding and to tune with 
the BMW generated in the year 2021 the sum is divided 
by 30 to make uniform arrangement in data at states 
and Union Territories (UT) level. In India, all states and 
UTs have been mapped using a GIS platform. The entire 
BMW data-based thematic map is prepared for India. 
This powerful visualisation technique overcomes the 
lacuna of histograms of spatial allocation. According to 
data released by NDTV on September 18, 2020, the coun-
try produces a significant volume of COVID-19-related 

Table 4 Bio medical waste generated in Maharashtra State from January to December of 2020 and 2021

District name BMW (kg/day) in 
2020

BMW (kg/day) in 
2021

District name BMW (kg/day) BMW (kg/
day) in 
2021

Ahmednagar 2151 3120 Nanded 927 956

Akola 728 584 Nandurbar 390 452

Amravati 854 698 Nashik 4350 4350

Aurangabad 2710 2835 Osmanabad 558 415

Beed 569 548 Palghar 1155 1181

Bhandara 374 303 Parbhani 223 223

Buldhana 321 490 Pune 11,068 12,580

Chandrapur 978 1050 Raigad 3366 2763

Dhule 560 545 Ratnagiri 472 622

Gadchiroli 326 450 Sangli 1141 1166

Gondia 299 382 Satara 1823 2256

Hingoli 158 177 Sindhudurg 395 537

Jalgaon 1425 1425 Solapur 2141 2147

Jalna 252 274 Thane 13,463 10,118

Kolhapur 1841 2400 Wardha 483 482

Latur 1147 1250 Washim 270 200

Mumbai 16,450 16,658 Yavatmal 677 481

Mumbai suburban 4711 2819

Nagpur 3355 3377
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biological waste (over 100 tonnes per day) [5]. Based on 
the data shown in Table  2, the average has been calcu-
lated and used to prepare the map. Figure 5 highlights the 
BMW generated in India in the year 2020 that divided 
into five classes as very low, low, moderate, high and 
very high; it was prepared using Table 2. Quantile (equal 
count) based categorization is used to get the very low 
(0.00–0.12 tonnes/day), moderate (0.73–2.63 tonnes/
day) and very high (> 9.65 tonnes/day). For easy under-
standing we will discuss only consider (very low, moder-
ate and very high) categories can be found in the map i.e. 
Fig.  5. From the visualization, very high BMW genera-
tion has been observed in Gujarat, Kerala, Maharashtra, 
New Delhi, Karnataka, Tamil Nadu, Uttar Pradesh and 
West Bengal. In the moderate category, the states such 
as Bihar, Himachal Pradesh, Uttarakhand, and Telan-
gana were undergone. The North Eastern states, as well 
as other states and union territories, are among the lower 
categories of BMW producers. In addition to this, the 
map for the waste available in the year 2021 shows Data 
available in Table 3 is used to create the map as shown in 
Fig.  6. Here, the map created the same method used to 
prepare Fig. 5 and classified them into five groups. Day-
wise data from the year 2021 was available. The average 
value of each state was calculated and used to map the 
daily BMW generated in the year 2021. The BMW is cate-
gorised as very low (0– 0.09 tonne/day), moderate (0.51– 
1.24 tonnes/day) and very high (> 3.62 tonnes/day). From 
the visual interpretation, it is clear that Kerala, Maha-
rashtra, and Tamil Nadu continue to generate a high vol-
ume of BMWs (> 3.62 tonnes/day), additionally Odisha 
and Andhra Pradesh and Gujarat has shown incremental 
trend in its BMW generation in 2021. Rajasthan, Chhat-
tisgarh, Bihar and Northern states were contributors of 
moderate (2.31–6.0 tonnes/day) generators. The high 
population density states like Uttar Pradesh and Pun-
jab, Haryana, West Bengal has found as a part of high 
(> 1.24 – 3.62 tonnes/day) category. The North Eastern 
states has produced medical waste under the category 
of low (0.09–0.51 tonnes/day) and very low. By compar-
ing the average BMW generated per day in the year 2020 
and 2021 it has been found that in first wave of COVID-
19, there was 4.49 Tonnes Per Day (TPD) BMW gener-
ated which was fallen down to 2.23 TPD in the second 
wave of COVID-19 in the year 2021. As shown in Table 3, 
and based on the Eq. 1, the change detection column is 
prepared to show the difference between 2020 and 2021. 
Figure 7 shows the observed change in BMW generation 
from 2020 to 2021, from this analysis it is clear that, there 
occurred reduction in BMW generated in the year 2021. 
The average change from 2020 to 2021 was -50.35% in 
generation of COVID-19 related BMW at national level. 
According to Fig.  7, we can infer that, NCT of Delhi, 

Arunachal Pradesh, Maharashtra, Gujarat, Madhya 
Pradesh, Nagaland, Uttar Pradesh, West Bengal and Lak-
shadweep (UT), has decreasing trend whereas the states 
such as Tripura, Goa, Andaman & Nicobar Island (UT), 
Chhattisgarh, Himachal Pradesh, Meghalaya has doubled 
the amount of BMW generated as compared to 2020 and 
shown drastic change. The spatial mapping technique has 
been found to be robust in visual identification and clas-
sifying the shifts in changes that occurred therein.

COVID‑19 Waste generated in maharashtra state
Maharashtra state was one of the most COVID-19 
infected states and as a second most populous state 
hence focused for mapping the BMW. Maharashtra 
was responsible for a significant 17% of India’s COVID-
19 biomedical waste [30]. District-wise data is available 
on the MPCB portal and for sake of understanding and 
based on the quantity, instead of tonnes/day, here we will 
consider converting into kg/day has been used to map 
the BMW generation. The numerical digits shown in the 
Table  4 have been used to map the BMW generated at 
district level. Figures 8 and 9 represents BMW generated 
in Maharashtra state in the year 2020 and 2021 respec-
tively. By examining the 2020 BMW generation condition 
and from map, we can identify that the western part of 
the state that includes districts viz. Mumbai and its sub-
urban, Pune, Thane, Raigad, Nashik, and Nagpur was a 
major contributor of very high (> 2710  kg/day) and the 
moderate waste (569–1174  kg/day) generating districts 
are the districts surrounding to the high waste generat-
ing districts and the very low BMW (< 374  kg/day) are 
mainly observed in the central and vidarbha region of 
the Maharashtra state. And, in the year 2021,the COVID-
19 BMW waste generation condition in Maharashtra is 
computed using quantile method shows very high waste 
(> 2819  kg/day). This shows that very high BMW pro-
ducers were districts viz. Mumbai with suburban, Pune, 
Thane, Aurangabad, Nashik, Ahmednagar, Nagpur. In the 
moderate waste (548–1181  kg/day) generating districts 
are again found to be neighbouring districts of the high 
waste generator. In very low waste category (< 450  kg/
day) districts are found as in steady condition of 2020 
such as Hingoli, Jalna, Parbhani and Washim.

Change analysis of BMW in Maharashtra State
The value-based change identification showcases the sce-
nario or fluctuations in BMW origination. The detection 
of changes in BMW data from 2018 to 2021 was consid-
ered. Table  5 shows the details of BMWs generated in 
kilogrammes per day (kg/day). In 2019, there occurred 
negative change that is -0.26% of waste in HCFs, while 
there was positive changes were found showing value 
5.35% of BMW is generated. As COVID-19 pandemic 
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progressed, there was a 31.95% drastic change in BMW 
generation. And, based on the BMW produced in 2021, 
there found -2.23% reduction in BMW observed at state 
level. The average BMW produced at every day in the 
state was 2230.94 kg/day in 2021. As compared to 2020, 
there occurred -2.18% reduction in the average BMW as 
it was produced in 2021.

BMW’s future prospects
Modern technological intervention by pyrolysis and gasi-
fication is emerging as novel and eco-friendly techniques 
used as thermochemical treatment of wastes as well as 

energy recovery. For example, plasma gasification and 
pyrolysis represent a state-of-the-art solution for sustain-
able management of BMW [31]. Through the segrega-
tion of waste, the degradable and recyclable waste can be 
calculated, which can be further utilised for energy gen-
eration purposes. The collected data during the COVID-
19 pandemic has the ability to indicate the relationship 
between the population, area and BMW generation. 
Such new data gathering can be implemented in devel-
oping countries for the assessment of health care waste. 
The Central Mechanical Engineering Research Institute 
(CMERI), a public engineering research institution, has 

Fig. 5 Bio medical waste generated in India in the year 2020 (Tonnes/Day)
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developed an innovative technology to aid hospital solid 
waste (HSW) disposal with low harmful emissions into 
the environment. With assistance from the Department 
of Science and Technology (DST), the facility utilizes 
plasma arc to process hospital solid waste completely, 
achieving a waste volume reduction efficiency of roughly 
95%. This cutting-edge technology not only decreases 
the amount of garbage but also helps to keep the envi-
ronment clean. It is being developed under the Waste 
Management Technologies (WMT) initiative, which 
encourages the creation of indigenous technologies to 
reduce environmental burden [32]. Additionally, the 
application of the new technologies Internet of Things 

(IoT) and Hospital based BMW management could pro-
vide location based information and waste management 
will create safe environment for health care workers and 
help in improving the ranking worldwide [33]. Recently, 
a new approach to managing BMW was developed with 
integration of communication and networking tech-
nologies that can improve monitoring and evaluation of 
BMW using Radio Frequency Identification (RFID) sys-
tems, a cost-effective and efficient method for tracking 
biomedical waste (BMW) in healthcare facilities [34]. 
Additionally, the surge of next COVID-19 waves and its 
impact on generation of BMW can be predicted with 
the previous data with the help of statistical forecasting 

Fig. 6 Bio Medical Waste Generated in India in year 2021 (Tonnes/Day)



Page 15 of 18Bagwan  Research in Health Services & Regions             (2023) 2:8  

methods. This would help in identification of hotspots 
and the policy-making will be made easy from safe han-
dling and disposal of BMW.

Conclusion
Sustainable management of BMW has been integrated 
with advanced online monitoring technologies and real-
time tracking, providing critical assistance for safe han-
dling and treatment and disposal planning. The accurate 
information derived from these technologies is essen-
tial for tracking BMW throughout its life cycle and for 

effective policy making. Detailed information on BMW 
generation and disposal at the ground level is particularly 
important for policy makers. Additionally, the mapping 
of waste treatment infrastructure can be used for future 
planning by utilizing available treatment locations. The 
use of the COVID-19BMW application to generate high-
precision data has placed India at the forefront of real-
time statistical monitoring of the generation and flow of 
medical waste. Proper policy maintenance and treatment 
methods can help prevent the spread of viruses, bacte-
ria, and other diseases, thereby contributing significantly 

Fig. 7 Change detection in BMW generation observed from 2020–2021
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Fig. 8 Bio medical waste generated in Maharashtra State in year 2020

Fig. 9 Bio medical waste generated in Maharashtra State in year 2021
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to environmental protection as well as the protection of 
healthcare facilities. The mapping technique facilitates 
the visualization of BMW generation at the district and 
state level. The use of Choropleth mapping, which uti-
lizes a colour gradient to depict data, simplifies visuali-
zation and makes it easy to understand the nationwide 
generation of COVID-19 BMW. This technique also 
allows for the identification of changes between two tem-
poral scales and is more attractive than traditional tabu-
lar forms of data representation.
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