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Recycling decreases greenhouse gases (GHGs) emit-
ted from waste disposal. A recent study determined 
the environmental and financial impact of recycling at 
a 148-bed acute care hospital in Cincinnati, Ohio. 

The hospital added single-stream recycling to its 
nonhazardous waste disposal practices in September 
2008. The study measured the amount of nonhazard-
ous waste generated and disposal costs from Septem-
ber 2008 to March 2009 for comparison with the same 
6-month period in 2007-2008, calculating the environ-
mental benefit using the Environmental Protection 
Agency’s Waste Reduction Model (WARM).

This study revealed that recycling benefits the envi-
ronment and saves money. Recycling reduced GHG 

emissions by 34 metric ton carbon equivalents (MTCEs) 
and saved 632 million BTUs of energy. Pearson cor-
relation for waste generation (r = 0.99, P = .002) dem-
onstrates that the amount of waste generated between 
the control and intervention periods were very similar. 
Pearson correlation for facility operations as measured 
by admissions, outpatient visits, emergency room vis-
its, and number of employees (r = 0.99, P < .001) also 
showed the 2 time periods to be very similar. The hospi-
tal’s cost to dispose of nonhazardous waste decreased 
more than $4,670 after single-stream recycling.
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H
uman health is intertwined with the health of 
the environment. In 1860, Florence Nightin-
gale addressed the importance of the environ-
ment in her book, Notes on Nursing, empha-
sizing how critical fresh air, pure water, 

sufficient food, efficient drainage, cleanliness, and light 
are to health.1 The World Health Organization (WHO) 
states that the foundations of long-term health rely on 
the continued stability and functioning of the biosphere’s 
life-supporting systems.2 Much like Nightingale, WHO 
emphasizes that public health depends on safe drinking 
water, sufficient food, secure shelter, and good social con-
ditions. A changing climate affects all of these.2 The WHO 
states, “Global climate change is no longer an ominous 
future threat but a dawning reality—one that is already 
creating disturbing shifts in the natural and human envi-
ronment and eroding the delicate balance of our planet’s 
ecosystem and the species that depend on it.”3 (Table 1, 
Figure 1).

Climate change refers to a long-term significant 
change in the average weather of a region or the earth as 
a whole. Natural and manmade factors are causing the 
climate to change. The National Aeronautical and Space 
Administration (NASA) states, “Most scientists agree 
the main cause of the current global warming trend is 
human expansion of the ‘greenhouse effect’—warming 
that results when the atmosphere traps heat radiating 
from Earth toward space.”4 The atmosphere that sur-
rounds the earth contains greenhouse gases (GHGs)—
carbon dioxide (CO2), methane (CH4), and nitrous oxide 
(N2O)—that function to regulate the earth’s climate 

by absorbing and retaining heat from the sun in an at-
mospheric blanket around the planet’s surface5 (Figure 
2). Since 1750, atmospheric concentrations of carbon 
dioxide have increased by 36%, methane by 148%, and 
nitrous oxide by 18%.5 The Intergovernmental Panel on 
Climate Change (IPCC) concluded there is a 90% prob-
ability that human-produced GHGs have caused much 
of the observed increase in Earth’s temperatures over the 
past 50 years.4

With the science of climate change in mind, a study 
on recycling in a hospital was undertaken. Waste con-
tributes to increasing GHGs and climate change. Waste 
disposal produces GHGs in multiple ways. Carbon 
dioxide is released from incinerating waste, and methane 
is released from the anaerobic decomposition of waste 
in landfills.6 Hauling waste to incinerators and landfills 
produces GHGs from the combustion of fuel. Replacing 
items that are thrown away requires the use of fossil fuels 
to manufacture new products.6 Manufacturing goods 
from recycled materials typically requires less energy 
than producing goods from virgin materials6 (Figure 3). 
Using recycled materials means fewer forests are cut, 
fewer metals are mined, and less oil is drilled.7 Recycling 
reduces GHG emissions, a causative factor in climate 
change, by diverting waste from landfills and incinera-
tors while returning valuable resources into circulation6 
(Table 2).

The nation’s hospitals generate 2.7 metric tons (6,600 
US tons) of waste per day.8 They spend $44 to $68 per 
0.9 metric ton (1 US ton) for waste disposal, creating a 
financial incentive to investigate recycling as an alterna-
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tive waste disposal strategy.8 Hospitals, therefore, can 
play an essential part in lessening the effects of global 
climate change by taking steps to limit their climate foot-

prints while saving money. The purpose of this study was 
to determine the environmental and financial impact of 
recycling at a 148-bed acute care hospital.

Figure 1.  Climate Change and Human Health
Abbreviation: UV indicates ultraviolet. 
(Reprinted with permission from the World Health Organization.2 http://www.who.int/globalchange/climate/en/.)

Weather event Health effects Populations affected

Heat waves Heat stress Extremes of age, people with respiratory  
   disease

Extreme weather events Injuries, drowning Coastal, low-lying land dwellers, low SES 
 (rain, hurricane, tornado, flooding)

Droughts, floods, increased mean Vector-, food- and water-borne diseases Multiple populations at risk 
 temperature

Sea-level rise Injuries, drowning, water and Coastal, low SES 
  soil salinization, ecosystem and  
  economic disruption

Drought, ecosystem migration Food and water shortages, malnutrition Low SES, elderly, children

Extreme weather events, drought Mass population movement, international General population 
  conflict

Increases in ground-level ozone,  Respiratory disease exacerbations  Elderly, children, those with respiratory 
 airborne allergens, and other pollutants  (COPD, asthma, allergic rhinitis, bronchitis)  disease

Climate change generally; Mental health  Young, displaced, agricultural sector, low SES 
 extreme events

Table 1.  Impact of Climate Change on Health 
Climate change has the potential to affect health in many ways. Although some of these health effects are unpredictable, others (shown 
in the table) are supported by considerable evidence.
Abbreviations: SES indicates socioeconomic status; COPD, chronic obstructive pulmonary disease.
(Source: Centers for Disease Control and Prevention (CDC). CDC policy on climate change and public health. http://www.cdc.gov/Cli-
mate Change/policy.htm. Accessed March 19, 2011.)
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Methods
The study was conducted from September 1, 2008, 
to March 1, 2009, at Mercy Mt Airy Hospital (MTA), 
a 148-bed acute care, short-term, private hospital in 
Cincinnati, Ohio. The project kept current nonhazardous 
waste disposal practices in place and simply added single-
stream recycling. In a single-stream recycling system, all 
recyclable materials are placed in 1 bin with no segrega-
tion and are later separated at a material recovery facility. 

Analysis of MTA’s nonhazardous waste disposal re-
vealed 4 different waste streams: confidential document 
services, a 27-m (30-yd) landfill waste compactor, a 36-m 
(40-yd) open-top landfill waste trash container, and a 
37.8-m (42-yd) cardboard compactor. MTA contracted 
with Cintas Document Management (Cincinnati, Ohio) 
for confidential document services and with Rumpke 
Consolidated Companies Inc (Cincinnati, Ohio) for all 
other services. Cintas charged $180 per 0.9 metric ton 
(1 US ton) of paper collected, which was shredded and 
recycled. Rumpke charged $335.75 to process the landfill 
waste compactor and $310.75 to process the open-top 
waste landfill trash container. The open-top trash contain-
er was for large items and compactor overflow. Rumpke 
paid $130 per load for cardboard and recycled it.

The hospital’s current practice had 2 recycling waste 

Figure 2.  Greenhouse Effect
Some of the infrared radiation passes through the atmosphere, 
and some is absorbed and re-emitted in all directions by green-
house gas molecules. The effect of this is to warm the earth’s 
surface and the lower atmosphere.
a Solar radiation passes through the clear atmosphere. Most  
radiation is absorbed by the earth’s surface and warms it.
b Some solar radiation is reflected by the earth and the atmosphere.
c Infrared radiation is emitted from the earth’s surface.
(Reprinted from the United States Environmental Protection 
Agency. http://www.epa.gov/climatechange/science/index.html.)

Figure 3.  Life -Cycle of Waste Image and Description
Abbreviations: CO2 indicates carbon dioxide; N2O, nitrous oxide; CH4, methane.
(Reprinted from the United States Environmental Protection Agency. http://www.epa.gov/climatechange/wycd/waste/lifecycle.html.)

The Greenhouse Effect
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streams and 2 landfill waste streams. Mercy Mt Airy 
Hospital paid for the removal of 3 waste streams and re-
ceived money back for 1. All 4 waste streams were kept in 
place, and Rumpke was contracted for a 7.2-m (8-yd) sin-
gle-stream recycle trash container with weekly pickup. 
This service cost $65 per month. Savings were approximat-
ed at $3,000 per year by replacing 1 trash container haul 
per month with recyclables. Permission was obtained from 
the hospital chief executive officer and the vice president 
of operations. Robert Morris University granted exempt in-
stitutional review board status. Mercy Foundation granted 
money for the purchase of recycle bins.

The initial phase of the study included hospital em-
ployee education about the environmental benefits of 
recycling and what to recycle. The principal investigator 
provided a 15-minute oral presentation to each unit on 
each shift. Staff lounges displayed posters describing re-
cycling benefits and methods with contact information. 
Electronic slide (PowerPoint, Microsoft Corp, Redmond, 
Washington) presentations were delivered at a nursing 
leadership meeting and a hospital managers meeting, 
and 2 continuing medical education lectures rounded out 
the educational component of the study. Hospital and 
nursing newsletters then published articles promoting 
the recycling program. 

Following the educational effort, the hospital placed 
collection bins in staff lounges, administrative offices, 
elevator bays, waiting areas, gift shop, cafeteria, kitchen, 
pharmacy, laboratory, and operating rooms. The bins 
were a distinct blue color with a large recycle symbol. 
Bin lids listed acceptable material: paper, newspaper, 
junk mail, magazines, catalogues, white paper, colored 
paper, computer paper, brown paper bags, cardboard, 

box board, plastics numbers 1 and 2, steel food cans, 
aluminum cans, glass jars, and glass bottles. The environ-
mental service staff emptied individual recycle bins on 
each floor into a recycle truck in a main soiled hold area 
of that floor. Following this, staff took the recycle truck 
to the recycle trash container at the hospital loading 
dock. Rumpke emptied and transported the recycling to 
a material recovery facility. 

The cost and tonnage of nonhazardous waste streams 
from September 1, 2008, to March 1, 2009, were com-
pared with those from September 1, 2007, to March 
1, 2008, to control for seasonal variation of waste 
generation. These data were obtained from billing 
records. Tonnage of all recycling waste streams—Cintas 
confidential document services that recycled shredded 
paper, the cardboard compactor that recycled cardboard, 
and single-stream recycling—was inputted into the 
Environmental Protection Agency’s Waste Reduction 
Model. This calculates the GHG emissions and energy 
savings of new waste management practices compared 
with a baseline by determining all the energy associ-
ated with producing and disposing of products. This is 
measured in metric ton carbon equivalents (MTCEs) 
and BTUs.9 The MTCE is a unit that represents the at-
mospheric warming potential of GHGs.9 British thermal 
units describe energy the same way feet or meters de-
scribe length, with 1 BTU equal to the energy released 
by burning a wooden match.9

Statistical analysis of waste generation and facil-
ity operations was performed using statistical software 
(SPSS version 17.0, SPSS, Chicago, Illinois). Billing 
records from Cintas and Rumpke provided tonnage of 
waste. Data on facility operations—surgeries performed, 
emergency room visits, outpatient visits, admissions, 
and number of employees—were obtained from hospital 
administration records provided by the vice president 
of operations. Pearson correlation was used to compare 
waste generation and facility operations for the control 
and intervention periods. Cost of waste disposal was 
constant over the 2 time periods. Financial analysis used 
the same billing records.

Results 
The GHG reduction from the Cintas paper and card-
board compactor (33 metric tons, or 36.7 US tons) was 
29 MTCEs (equivalent to 19 cars off the road), whereas 
reduction from single-stream recycling (6.6 metric tons, 
or 7.3 US tons) was 5 MTCEs (or 3 cars off the road) for 
a total of 34 MTCEs (or 22 cars). Energy conserved for 
all recycling (Cintas, cardboard, single-stream) was 632 
million BTUs—equivalent to the amount of energy to 
power 6 homes for a year or to saving 346 trees. Overall 
recycling increased 9.3 metric tons (10.3 US tons) after 
single-stream recycling began. Statistical analysis showed 
that waste generation and facility operations were very 

Table 2.  Recycling Facts
(Source: Hamilton County [Ohio] Solid Waste Management  
District.)9

Paper 
Recycled paper uses 40% less energy than creating new  
 paper.

0.9 metric ton (1 US ton) of newspaper and mixed paper 
 recycled saves 12 trees.

0.9 metric ton (1 US ton) of office paper recycled saves 24 
 trees.

Aluminum 
Recycled aluminum uses 95% less energy than creating new  
 aluminum.

Steel 
Recycled steel takes 60% less energy than creating new steel.

0.9 metric ton (1 US ton) of steel recycled saves 1,125 kg  
 (2,500 lb) of iron ore, 630 kg (1,400 lb) of coal, and 54 kg  
 (120 lb) of limestone.

Plastic 
Recycled plastic uses 70% less energy than creating new  
 plastic.
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similar between the control and intervention periods 
(Figure 4). Pearson correlation for waste generation was 
r = 0.99 (P = .002) and for facility operations was r = 0.99 
(P < .001). 

The results showed a noteworthy financial benefit to 
recycling. Nonhazardous waste disposal cost decreased 
$4,672.88. The savings were dispersed over all garbage 
types (Figures 5 and 6). The analysis showed a decrease 
in cost with similar tons of waste processed and facility 
operations. Additionally, the project required no extra 
out-of-pocket costs for the hospital: Recycle bins were 
purchased with grant money at a cost of $6,720.08, and 
payback on the bins was less than 1 year. No additional 
staff was needed to collect recycling. All education time 
and material was volunteered. 

The amount of cardboard captured increased by 5.2 
metric tons (5.8 US tons). Before single-stream recy-
cling, the only cardboard captured for recycling was at 
the loading dock. The addition of single-stream recy-
cling captured cardboard in the hospital, where envi-
ronmental service staff was proactive in placing it in the 
compactor. This increased revenue by $390 for the hos-
pital and decreased landfill waste. Overall landfill waste 
decreased by 40.2 metric tons (44.7 US tons) because 
of diverting recyclables, saving $4,114.75. Anecdotal 
evidence suggests that some staff had been putting all 
paper in Cintas confidential document service bins to 
ensure that it was recycled. Adding single-stream recy-
cling provided another option for these conscientious 
recyclers, which led to 2.5 metric tons (2.8 US tons) less 
paper shredded and a $558.10 cost savings in Cintas 
service (Table 3).

Discussion
Statistical analysis in waste generation and facility op-
erations between the control and intervention periods 
showed that the 2 time periods were very similar. Because 
waste disposal costs remained constant, the environmen-
tal benefits and cost savings demonstrated can be attrib-
uted to recycling. The single-stream method of recycling 
was easy for staff because there was no segregation and 
collecting recyclables required no additional manpower. 

The principal investigator of this study did all ed-
ucation and follow-up, giving a consistent message. 
Educating employees regarding the benefits of recycling 
helped engage the staff. 

In 2007, Hamilton County (where MTA is located) 
started the Go Green Challenge to encourage organiza-
tions, both large and small, to reduce their environmental 
impact. It is now a network of businesses, institutions, 
organizations, and communities that have set environ-
mental goals and are taking action to achieve them.10 This 
local support with Rumpke’s single-stream business recy-
cling was critical to MTA’s success. Unfortunately, not 
all hospitals have the local resources to recycle; however, 

others have documented similar positive results after 
instituting recycling programs. In 2004, for example, St 
Joseph’s Medical Center in California recycled 115.2 
metric tons (128 US tons) of waste or 21% of their waste 
stream.8 

One limitation of this study is that the financial analy-
sis did not include the broader cost benefits of recycling. 
Recycling creates 6 times as many jobs as landfilling.11 
Incinerating 9,000 metric tons (10,000 US tons) of waste 
creates 1 job, landfilling the same amount creates 6 jobs, 
and recycling the same 9,000 metric tons creates 36 
jobs.11 These range from low-skilled and semiskilled jobs 
to highly skilled ones.12 In Ohio, the recycling industry 
creates 169,000 jobs, accounting for $6 billion in annual 
wages and $7.3 billion in annual sales.7 Nationally, recy-
cling employs more than 1.1 million people, generating 
a payroll of nearly $37 million and grossing more than 
$236 billion in annual revenue.12 

Another limitation of this study was its focus on only 
nonhazardous waste. Efficient and cost-effective waste 
disposal is only a small aspect of a hospital’s compre-
hensive waste management plan. Waste reduction, reuse, 
and composting are necessary. Source reduction and 
moving from disposable to reusable items eliminates the 
need for waste disposal. Hospitals around the country 
have demonstrated this premise. Itasca Medical Center 
in Grand Rapids, Minnesota, a 108-bed community hos-
pital with an attached 35-bed convalescent nursing care 
facility, prevented 180.9 m3 (238 cu yd) and more than 
4,815 kg (10,700 lb) of waste and saved $11,030 in a 
year.8 Butterworth Hospital in Grand Rapids, Michigan, 
a 529-bed facility, saved $1,320 in purchasing costs and 
prevented 432 kg (960 lb) of waste in a year by switching 
to autoclavable plastic bed pans.13 
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Figure 4.  Pearson Correlation Indicating Very Similar 
Facility Operations During Intervention and Control 
Periodsa

Abbreviations: ER indicates emergency room; OP, outpatient.
a Paired samples correlation, r = 0.99; P < .001.
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Composting food waste is another way hospitals 
can save money and the environment. Wesley Woods 
Hospital, a 100-bed hospital in Atlanta, Georgia, diverted 
2,250 kg (5,000 lb) of food that would have gone into the 
hospital garbage during the first month.14 Environmental 
preferable purchasing (EPP) is defined as the purchasing 
of products and services whose environmental impacts 
have been considered and found to be less damaging 
to the environment and human health when compared 

with competing products and services.15 One example 
is Kaiser Permanente Northwest Region’s replacement 
of one-third of its mowing equipment with mulching 
mowers to maintain 38 acres of lawn. This reduced fertil-
izer use by 33%, saved 28% on labor cost, and eliminated 
15,200 bags or 171,000 kg (380,000 lb) of grass clippings 
each year.12 These examples demonstrate how choos-
ing environmentally friendly practices in the delivery of 
healthcare can be cost-effective.

Control: Tonnage Percentage Intervention: Tonnage Percentage
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Figure 6.  Nonhazardous Waste Disposal Tonnage
Overall landfill waste decreased 40.2 metric tons (44.7 US tons) because of diverting recyclables.
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Figure 5.  Nonhazardous Waste Disposal Cost 
Disposal costs for nonhazardous waste decreased $4,672.88. The savings is dispersed over all garbage types.
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Conclusion
“Think global and act local.” The MTA utilized its local 
resources to make a difference. There is interest in hos-
pital sustainability at the community, state, national, 
and international level. For example, the Ohio Hospital 
Association has a pollution prevention initiative that 
includes education, training, and resources to hospi-
tals to reduce their environmental impact.16 Practice 
Greenhealth, an independent nonprofit organization 
founded by the American Hospital Association, the US 
Environmental Protection Agency, Health Care Without 
Harm, and the American Nurses Association, is creating 
a national movement for environmental sustainability in 
healthcare by educating healthcare professionals about 
pollution prevention and providing practical tools and 
resources.17 Internationally, WHO offers education and 
resources for a climate-friendly hospital, believing that 
the health sector can play a leadership role in mitigating 
climate change.4 Registered nurses constitute the largest 
healthcare occupation, with 2.6 million jobs in the United 
States.18 We have an obligation to provide care in a way 
that does not harm our planet and the power to do it.
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Table 3.  Pearson Correlation Indicating Similar Tonnage of Waste Produced During Intervention and Control 
Periodsa
a Paired samples correlation, r = 0.99; P = .002.
b Totals indicate (Cintas document service + landfill compactor + landfill open top + single-stream recycling) – cardboard compactor.

 Control period Intervention period
Type of waste Tonnage Cost (US $) Tonnage Cost (US $)

Cintas document service 17.3 3,135.72  14.5 2,577.62

Landfill compactor 173.0 7,722.25 153.0 6,715.00

Landfill open top 49.4 7,458.00  24.7 4,350.50

Single-stream recycling     7.3   390.00

Cardboard Compactor  16.4 −650.00 22.2 −1,040.00 
 (money earned back) 

Totalb 256.1 17,665.97 221.7 12,993.12


