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ABSTRACT 

INTRODUCTION:  As of September 2021, the COVID-19 
pandemic has led to 42,500,000 cases and 680,000 deaths 
in the United States. In Rhode Island, there have been 
170,000 cases and 2,820 deaths. Investigating resource 
utilization and waste production during disease out-
breaks can inform efforts at disaster preparedness. The 
purpose of this study was to examine trends in waste  
production during the COVID-19 pandemic.

METHODS: This is a descriptive study examining trends 
in waste production during the COVID-19 pandemic. The 
study was conducted at a suburban community hospital 
in Rhode Island. Data was collected on regulated medi-
cal waste (RMW) and linen use from October 2019–July 
2021. Adjusted patient days (APD) values were calculated 
using hospital census and revenue data. Total weight and 
weight/APD were calculated for each month of the study 
period. Data was then compared with overall COVID-19 
cases and hospitalizations in Rhode Island. This data was 
gathered from the Rhode Island Department of Health 
(RIDOH) COVID Response Data Hub.

RESULTS: Regulated Medical Waste (RMW) by total 
weight was lowest in April 2020, when the hospital cen-
sus and adjusted patient days (APD) were at their lowest. 
In contrast, linen use remained largely consistent with 
pre-pandemic levels during the initial months of the pan-
demic despite a decrease in hospital census. The highest 
linen weight/APD value (23.32 lbs/APD) was in April 2020. 
Both RMW and linen use (weight/APD) decreased during 
the study period. Linen use was highest during months 
with increased COVID-19 cases and hospitalizations.

CONCLUSIONS:  This study examined trends in waste 
production at a community hospital during the COVID-19 
pandemic. Linen use was highest during months of in-
creased COVID-19 cases and hospitalizations, while 
RMW production decreased. There was a particular in-
crease in linen use in April 2020, when the pandemic was 
in its initial phases.

KEYWORDS: COVID-19, waste, medical waste, pandemic, 
disaster preparedness   

INTRODUCTION

As of September 2021, the COVID-19 pandemic has led to 
42,500,000 cases and 680,000 deaths in the United States.1 

In Rhode Island, there have been 170,000 cases and 2,820 
deaths.2,3 Sophisticated hospital based patient care requires 
an enormous investment in resources, but results in waste 
production. Understanding how waste is produced can 
inform disaster preparedness efforts for future pandemics.

Most waste from the ED is considered municipal solid 
waste (MSW) and can be disposed in a landfill. It requires 
no additional treatment prior to transport. Disposal of regu-
lated medical waste (RMW), which includes most bodily flu-
ids such as blood and sputum suspected to carry infectious 
pathogens, may potentially increase when a new and unfa-
miliar disease emerges. The disposal of RMW requires strict 
adherence to specific procedures and, as such, is expensive 
and burdensome to the environment. Variables that affect 
the carbon footprint of waste production and removal 
include the type of waste, the method and site of disposal, 
and the means of conveyance.

The global response to waste production underscores the 
necessity of planning during a pandemic. In Romania, gov-
ernment-imposed restrictions on the disposal of waste from 
health care and designated quarantine facilities led to ille-
gal dumping of medical waste.4 In Indonesia, medical waste 
increased during the initial months of the pandemic; how-
ever, there was a lack of appropriate facilities for the disposal 
of this waste.5

Understanding trends in RMW during outbreaks of novel 
disease can guide preparation among health systems and 
government officials and can inform disaster preparedness 
efforts for future pandemics. As such, the purpose of this 
study was to examine trends in waste production at a sub-
urban community hospital during the COVID-19 pandemic. 
Investigators focused particularly on RMW and linen use 
during the study period.

METHODS

This is a descriptive study examining trends in waste pro-
duction during the COVID-19 pandemic. The study was 
conducted at a suburban community hospital in Rhode 
Island with 346 inpatient beds and an annual Emergency 
Department (ED) volume of approximately 70,000 patient 
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encounters. The hospital has an Intensive Care 
Unit (ICU) and Progressive Care Unit (PRG) that 
provide services for critically ill patients. During 
the COVID-19 pandemic, the number of beds in 
these units varied based upon patient volume, 
infection control policies and care requirements. 
The hospital is home to several graduate medical 
training programs, including residencies in Fam-
ily Medicine, Internal Medicine and Emergency 
Medicine.

Data was collected on regulated medical waste 
(RMW) and linen use from October 2019–June 2021. 
This time period was selected since it included six-
months prior to the beginning of the COVID-19 
pandemic. RMW and linen were selected as cate-
gories for analysis because of their pertinence to 
infectious control. RMW included all items placed 
in red biohazard bags. This did not include sharps. 
It did not include waste that could be categorized 
as RMW inappropriately placed in non-RMW con-
tainers. Linens included patient gowns and bedding 
as well as reusable isolation gowns. The hospital 
in this study utilizes reusable isolation gowns 
for patients who meet certain infection control 
criteria. These gowns are laundered after use and  
subsequently returned into circulation.

Environmental Services (EVS) gathers informa-
tion on various categories of hospital waste, includ-
ing sharps, linens, municipal solid waste (MSW), 
and RMW. These materials are weighed daily and 
recorded monthly. Adjusted patient days (APD) 
were calculated using hospital census and reve-
nue data per criteria established by the Centers for 
Medicare & Medicaid Services (CMS). Weight per 
APD (lbs/APD) was then calculated for RMW and 
linens. These data points were plotted and com-
pared to overall cases and hospitalization due to 
COVID-19 in Rhode Island. This information was 
gathered from the Rhode Island Department of 
Health (RIDOH) COVID Response Data Hub.

2020 and its highest total weight (205,563 lbs) in December 
2020. Linen weight/APD hit a low (11.91 lbs/APD) in May 
2021 and peaked (23.32 lbs/APD) in April 2020 (Figure 3).

When averaged over three-month periods from Oct 2019–
June 2021, RMW weight per APD showed a steady decline 
while linen weight per APD increased during the period of 
April–June 2020 followed by a steady decline (Table 1).

Rhode Island has experienced several waves of COVID-19 
infection, with total cases reaching their peak in April 2020, 
December 2020 and March 2021 (Figure 4). Hospitalizations 
due to COVID-19 reached their highest levels in April 2020, 
December 2020 and April 2021 (Figure 5). The largest num-
ber of patients hospitalized in the ICU was in April 2020.
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Figure 1. Total Weight (lbs) of Regulated Medical Waste (RMW) by Month

Figure 2. Adjusted Patient Days (APD) by Month

Figure 3. Trend in Linen Weight Per Adjusted Patient Day (lbs/APD)

RESULTS

RMW reached its lowest total weight (5,726 lbs) in April 
2020 and highest total weight (14,052 lbs) in June 2020. 
RMW weight/APD hit its low in January 2021 (0.71 lbs/
APD) and high in June 2020 (1.54 lbs/APD). The overall 
trend of RMW weight mirrored that of APD during the study 
period (Figures 1 & 2). 

By total weight, RMW was at its lowest levels during April 
and May 2020 when the hospital census was lowest. In fact, 
RMW decreased by about 50% from pre-pandemic levels 
during these months. RMW increased as hospital volumes 
grew during the COVID-19 pandemic.

Linen reached its lowest total weight (119,078 lbs) in May 
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DISCUSSION

This study identified several trends in RMW and linen use 
during the COVID pandemic. RMW by total weight was 
lowest in April 2020, when the hospital census and adjusted 
patient days (APD) were at their lowest. In contrast, linen 
use remained largely consistent with pre-pandemic levels 
during the initial months of the pandemic despite a decrease 
in hospital census. This led to higher weight/APD val-
ues, including the highest linen weight/APD value (23.32 
lbs/APD) in April 2020. However, linen use (weight/APD) 
decreased after this initial rise.

Linen use was highest during months with increased 

RMW (lbs/APD) Linen (lbs/APD)

Oct–Dec 2019 1.20 14.99

Jan–March 2020 1.21 15.83

April–June 2020 1.11 17.53

July–Sept 2020 1.10 15.71

Oct–Dec 2020 1.02 15.08

Jan–March 2021 0.96 14.57

April–June 2020 0.95 12.00

Figure 5. Number of Hospitalizations Due to COVID-19 in Rhode Island11

CLIMATE CHANGE

Table 1. Average RMW and Linen Weight per APD (lbs/APD)  

by Three-Month Period

Figure 4. Number of Daily New Positive Cases of COVID-19 in Rhode Island,10 April 1, 2020–September 15, 2021.
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COVID-19 cases and hospitalizations. This is most pro-
nounced in April 2020 at the beginning of the pandemic. 
This was also when ICU hospitalizations due to COVID-19 
were at their highest level in Rhode Island. Overall linen 
use (by total weight) was highest in December 2020, when 
COVID-19 cases and hospitalizations reached their highest 
levels in Rhode Island.

Findings from this study are similar to those from other 
sites, including Wuhan, China, where the COVID-19 pan-
demic originated. During the initial phase of outbreak in 
Wuhan (January–April 2020), health care waste per 1,000 
persons increased from 3.64 kg/day to 27.32 kg/day.6 To 
accommodate this increase in waste production, disposal 
capacity in the region was increased from 50 tons/day to 
280 tons/day. Researchers in Malaysia found that clinical 
waste (which includes any item potentially contaminated 
with infectious material) increased by 27% during the ini-
tial months of the COVID-19 pandemic.7 This increase was 
mainly attributed to the disposal of PPE, such as gloves, 
facemasks and gowns. In Romania, waste from medical 
facilities peaked in the early months of the pandemic and 
then tapered over the following months.5

Several studies from Taiwan have examined waste use 
during 2003 SARS outbreak. A 2,000-bed hospital in north-
ern Taiwan found that daily infectious waste generation tri-
pled during the outbreak.8 Interestingly, due to a decrease 
in hospital census, the mean daily overall waste production 
decreased 19.2%–25.3%. Taiwan saw an overall increase in 
infectious waste of about 4,000 tons (from 14,648 to 19,350 
tons) following SARS.9

There are several limitations to this study, most nota-
bly that it was conducted at a single site. Data from this 
study came from a suburban community hospital in Rhode 
Island. Resource utilization might be different at a rural or 
urban hospital site. This is notably important in the case 
of COVID-19 since the pandemic affected different regions 
of the United States in very different ways. Some hospitals 
might have only had a few overall cases of disease, whereas 
others might have been overwhelmed to the point where 
they needed to transfer patients requiring ICU level-of-care 
to another facility. Hospital infection control policies likely 
also influenced resource utilization. A hospital that uses 
disposable gowns for PPE might have different patterns of 
use when compared to a hospital that uses reusable gowns. 
Another limitation of this study is aggregate data on COVID-
19 hospitalizations on a state level was used for comparison. 
Hospital-level data and department-level data (particularly 
from the ED and ICU) would be more useful. Finally, a field 
hospital provided care to patients with mild-to-moderate 
cases of COVID-19 during the study period. Resource uti-
lization at the field hospital was not included in this study.

This study examined the overall trends of RMW and 
linen use during the COVID-19 pandemic. The dramatic 
increase in linen use (weight/APD) during April 2020 is of 

particular interest. Several factors could have played a role 
in this occurrence, including infection control policies, staff 
compliance with isolation precautions, lack of knowledge 
of disease transmission, or fear amongst hospital employees 
of a new and unknown disease. Trends suggest that there 
may be an association with increased linen use and ICU 
hospitalizations. However, further investigation is needed 
to clarify this association. The gradual decrease in linen use 
(weight/APD) since April 2020 is also of interest. Are hos-
pitals becoming more efficient with resource utilization or 
have staff developed noncompliance with infection control 
protocols as the COVID-19 pandemic drags on? Qualitative 
studies could provide insight. Overall, while this study high-
lighted trends that hint at correlation and causation, further 
research is needed to clarify these relationships.

CONCLUSION

This study examined trends in waste and resource utiliza-
tion at a community hospital during the COVID-19 pan-
demic. While largely hypothesis-generating, it hints at 
several conclusions, including a relationship between linen 
use and ICU hospitalizations. Findings from this study can 
contribute to further understanding of resource utilization 
during outbreaks of disease and inform health system and 
government protocols for pandemic preparedness.
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