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Abstract

Objective: Sustainable actions performed by the nursing team in an intensive care unit during medication
processes were examined, after which interventions were proposed to improve environmental sustainability
in the hospital setting.

Methods: Before and after study, using the Lean Six Sigma methodology applied in an intensive care unit. The
sample was comprised of 648 medication processes performed by the nursing team. The data was collected
via observation routes and analyzed quantitatively.

Results: The post-intervention results included: reduction of materials such as plastic bags (37.1%), reduction
of hormonal anti-inflammatory drugs (67.1%), increased removal of labels from plastic bags to be recycled
(146.9%) and proper waste disposal (32.2%), with a statistically significant difference (p <0.05).

Conclusion: The intervention strategies implemented, based on an analysis of the problem, validation and
prioritization of the actions had a positive influence on reduction, recycling and proper disposal of waste with
benefits for the institution, environment and human health.

Resumo

Objetivo: Foram analisadas acOes sustentdveis realizadas pela equipe de enfermagem de uma unidade
de terapia intensiva durante os processos de medicagdo e proposto intervencdes para a melhoria da
sustentabilidade ambiental na area hospitalar.

Métodos: Estudo antes e depois usando a metodologia Lean Seis Sigma aplicada em uma unidade de terapia
intensiva. A amostra foi composta por 648 processos de medicagao realizados pela equipe de enfermagem.
Os dados foram coletados por meio de roteiros de observagdo e analisados quantitativamente.

Resultados: Os resultados pds-intervencgdes incluiram a reducao dos materiais como sacos plasticos (37,1%),
reducio de sobras de anti-inflamatdrios hormonais (67,1%), aumento na remocéo de etiquetas de sacos
plasticos para serem reciclados (146,9%) e descarte correto de residuos (32,2%) com diferenca estatistica
significante (p <0.05).

Conclusdo: As estratégias de intervengdes implementadas a partir da andlise do problema, validagdo e
priorizagéo das agdes teve influéncia positiva na reducdo, reciclagem e disposicéo correta dos residuos com
beneficios para a instituicdo, meio ambiente e a salde humana.
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Introduction

The theme of environmental sustainability, perme-
ated by immense concern for the scarcity of natural
resources and the lives of all living beings, has been
widely discussed within the scientific and political
community.!? There is currently a broad consensus
that global human activities have been largely re-
sponsible for the environmental impact experienced
in the world."?

Health services are important from an environ-
mental perspective not only for the impact it may
generate, but also for the critical role they play in
promoting health and the preservation of life. This
makes it difficult for hospitals to justify behavior
that could be a threat to human health, through
contributing to increasingly reduced natural re-
sources, energy shortages and inefficient waste man-
agement.?

Considering that nursing generally represents
the majority of employees in a hospital, it is a ma-
jor consumer of resources and generator of waste.
As the largest group of workers in the health sec-
tor, nursing teams can have a significant influence
on the improvement of environmental sustainabil-
ity in health services and, for this reason, should
be involved in sustainability practices.”>® How-
ever, studies indicate low levels of knowledge and
practices in relation to preservation of the environ-
ment, rational use of resources and waste manage-
ment practices by health professionals, including
nurses.”?

Among the main hospital nursing care ac-
tivities are medication processes. These process-
es consume materials and generate waste, as in
the case of pharmaceuticals, which are a cause of
growing concern due to their potential impact
on the environment, since even in low concen-
trations, they can affect the metabolism of var-
ious organisms and cause an imbalance among
their populations."” Besides the impact of phar-
maceuticals, medication processes also generate
normal recyclable and non-recyclable waste, as
well as potentially infectious waste and sharps
which represent a risk to public health and the
environment.!'V
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In light of this global problem and the need to
conduct further research in the area of health, espe-
cially nursing, with practical experience related to
preservation of the environment and use of resourc-
es,? this study examined sustainability actions as-
sociated with medication processes and proposes
interventions to improve environmental sustain-
ability in the hospital environment.

Methods

This is a before and after study. First of all, the struc-
ture of the Intensive Care Unit (ICU) was observed,
followed by observation of the nursing practices re-
lated to sustainable actions in medication processes.
The findings provided direction for determining the
independent variables, as well as the study of addi-
tional variables that could influence the dependent
variables.

To supplement the results analysis in terms
of the impact of the interventions, institutional
information was used, related to the amount of
waste generated in the unit, using as an indica-
tor: kilograms, according to the type of waste
per patient per day (kg/type of waste/per pa-
tient/day).

To achieve the study objectives, Lean Six
Sigma process analysis methodology was also
used. Lean Manufacturing methodology, which
stemmed from the Toyota Production System of
Japan, is an initiative which seeks to eliminate
waste, i.e., eliminate that which has no value for
customers and to streamline processes, in order
to enhance the quality and safety of the prod-
uct or service, among other benefits. The reason
for using this approach to guide the study is to
reduce the use of water, materials and pharma-
ceuticals in medication processes, without, how-
ever, undermining patient safety. The Six Sig-
ma approach developed by Motorola identifies
the extent to which any process strays from the
goal, that is, the ability of the process to generate
products within pre-established specifications. It
involves stages of definition, measurement, anal-
ysis, implementation of improvements and pro-
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Environmental sustainability in medication processes performed in hospital nursing care

cess control (DMAIC), which is in line with the
objectives of the study to monitor actions before
and after interventions and improve medication
processes from the point of view of environmen-
tal sustainability."® So, although they propose
different approaches to obtain improvements,
they complement each other and have been im-
plemented in an integrated way under the name
of Lean Six Sigma, by companies, including hos-
pitals, that are seeking better results in terms of
productivity and the quality of their products or
services."” The successful application of Lean
Six Sigma has also been reported in the area of
health as a method by which hospitals can con-
trol costs, reduce the likelihood of errors and im-
prove patient safety and health care quality.!">'®

The study was conducted in a large hospital
(446 beds) of a charitable, nonprofit nature, located
in the city of Sao Paulo - Brazil.

The sample was comprised of actions that
were observed in relation to medication process-
es carried out by the nursing team during the
four shifts (morning, afternoon, night A and
night B). To be representative, the sample size
calculation was based on the mean number of
medications administered monthly in the unit,
with a confidence interval of 95%. Consider-
ing that in 2012, an average of 1,710 doses of
medication were administered to each patient
per month, 324 processes were examined in the
pre and post-intervention stages, totaling 648
processes. The observation of the sample includ-
ed actions by 99 professionals (58.2%) in the
pre-intervention period and 97 (57.1%) in the
post-intervention stage.

The sample included actions performed by
professionals, more specifically by those who au-
thorized their participation in the study through
signing a free and informed consent form. These
actions were contained in the daily prescription of
the patient (non-emergency); with prescription for
administration by enteral, topical and parenteral
routes and; performed by the nursing team (nursing
technicians and nurses).

Excluded from the study were actions related to
blood components, vaccines, enteral and parenter-
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al feeding; with prescription for administration by
other routes of access and; carried out by nursing
professionals from another sector or by profession-
als from another health area.

The independent variables were comprised of
strategies for improving the medication processes
performed by the nursing team. These improve-
ments included:

* install water flow regulating devices on all the
faucets in the rooms;

* place identification labels on the medications
when sealing the packaging, and not on the
plastic bags, so that the bags will not be pre-
vented from being recycled;

* deliver materials and single dose medications
dispensed by the pharmacy without plastic
bags;

 standardize smaller dosages of hormonal an-
ti-inflammatory drugs to avoid waste and dis-
posal of these medications;

e review the institutional waste classification;

* purchase and install containers for non-recycla-
ble waste in the rooms;

* adjust and install chemical waste containers in
the rooms in accordance with Brazilian law;171®

 train and raise awareness of the team.

The dependent variable was defined as the
practice of sustainable actions in medication
procedures carried out during hospital nursing
care in accordance with the 3R Policy: reduce,
reuse and recycle."” These actions included:
reduction in packaging and use of plastic bags
for transporting medication; reduction of left-
over medications; reuse of plastic containers and
bags; removal of labels from packaging for recy-
cling; and proper waste disposal.

The additional variables included: structure
of the ICU (lighting, faucets, waste containers,
availability of paper, packaging and medical and
hospital supplies); characteristics of nursing pro-
fessionals involved in the medication processes
(age, gender, work shift, job category, education,
years of experience, length of time working in the
institution and previous training in environmen-
tal awareness and waste disposal); characteristics of
patients involved in the medication processes (in



isolation or not); characteristics of the medications
(name, type of pharmaceutical and route of ad-
ministration) and; amount of waste generated per
patient per day in the ICU.

The data collection was performed in two
stages: before and after the interventions corre-
sponding to the period from January 21 to Feb-
ruary 20, 2013 and September 23 to October 30,
2013, respectively. During the pre-intervention
stage, the structure of the ICU was examined
via an observation route developed and applied
by the researcher for the 41 beds of the unit in
the period from January 20 to 25, 2013. The
medication processes were observed through the
use of an instrument created by the researcher
based on Lean Six Sigma tools: Detailed Process
Map and Ishikawa Diagram. The observations
encompassed the following stages: withdrawal,
preparation and administration of medications.

The data collection was carried out by nurses
who were part of the project team and had received
prior instruction on how to fill out the instrument.
Before starting the collection, the nurse selected the
medication process through the medical prescrip-
tion, collected the free and informed consent form
from the professional involved in the medication
process to be examined, and afterward started the
data collection, without intervening in the process
being measured.

For the data collection related to the amount
of waste generated in the ICU, an institutional
waste collection spreadsheet was used, filled in
each shift by the Cleaning Service of the hos-
pital. Data was measured in reference to the
stages prior to and after the interventions, cor-
responding to the waste collected during the
months of November 2012 and October 2013,
respectively.

The data obtained was stored in an electronic
database and submitted for tabulation on elec-
tronic spreadsheets from the program Microsoft
Excel. The quantitative variables were present-
ed according to mean, standard deviation (SD),
minimum and maximum value (min-max) and
the qualitative variables according to absolute
and relative frequency.
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After the quantitative analysis of the data ob-
tained in the pre-intervention stage, the following
Lean Six Sigma tools were used: Cause and Effect
Matrix and Impact Effort Matrix, in order to pri-
oritize the problems to be solved. From this anal-
ysis, an action plan was developed outlining the
improvements to be implemented, based on the
causes/roots of the problems identified by the team
using the tool of brainstorming,.

After the interventions, the data was analyzed and
the variables associated through inferential statistics,
according to the nature of the variables studied, with
the level of significance to reject the null hypothesis
set at less than or equal to 0.05. For this purpose, the
software Minitab® Version 16.1 was used.

The study was carried out in compliance with
national and international standards of ethics in re-
search involving humans (Brazil register/Platform
CAAE - Certificado de Apresentacio para Apreciagio
Etica: 06279412.1.0000.5505).

Results

In the analysis of the structure of the 41 beds in
the ICU, it was noted that all (100%) of the lamps
were fluorescent and energy-saving, as standardized
by the hospital. However, even though there was
natural lighting in 29 beds (70%), the lights were
constantly on during the data collection. In terms
of availability of water, 28 (68%) had automatic
self-closing taps and 20 (49%) had flow regulating
devices. The physical space available for distribution
of waste containers was limited and there were con-
tainers alongside all the beds for recyclable waste
(paper, plastic and metal), infectious waste and
sharps. However, there were no containers for recy-
clable waste (such as glass), normal non-recyclable
waste and chemical waste. A considerable amount
of consumables related to the medication process
was also noted, such as syringes, needles, cotton,
cotoplast and non-sterile gauze in the rooms of pa-
tients in isolation that were discarded after the pa-
tient’s discharge without having been used. Paper
and plastic packaging was freely available through-
out the ICU.
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Environmental sustainability in medication processes performed in hospital nursing care

With respect to the analysis of the medication
processes, in the pre-intervention period 19.8% of
them were related to patients in isolation whose
waste, therefore, is disposed of differently according
to Brazilian law. As far as the product characteristics
of the medications, most (41.7%) are considered
dangerous to the environment and human health.

In terms of the profile of the professionals in the
pre-intervention period, the age range was from 20
to 64 years (mean + standard deviation = 32.4 + 7.8
years), where the majority were women (59.6%).
Twenty-three professionals (23.2%) were from the
morning shift, 30 (30.3%) from the afternoon shift,
19 (19.2%) from night shift A and 27 (27.3%)
from night shift B. In regard to professional cate-
gory, most (88.9%) were nursing technicians and
the rest (11.1%) were nurses. Sixty professionals
(60.6%) reported having completed high school,
33 (33.3%) had or were working on a university
degree, (23 completed and 10 not completed), and
six had or were working on a specialization degree
(five completed and one not completed). The time
of experience of these professionals ranged from

0.08 to 32 years (mean * standard deviation = 6.3
+ 5.3 years). The length of time in the institution
also ranged from 0.08 to 32 years (mean + stan-
dard deviation = 5 + 6.3 years). The percentage of
professionals who reported having received previ-
ous training in environmental awareness and waste
disposal was 94.9%.

In the pre-intervention period, 324 medication
processes were monitored with a total possibility
of 866 sustainable actions that depended solely on
the practices of the professional. Each employee
participated, on average, in 3.3 processes (standard
deviation = 2.2), with a mean percentage of cor-
rect sustainable actions of 69.5% (standard devia-
tion = 23.1%). In the post-intervention stage, 324
medication processes were observed, with a total of
1,020 sustainable actions. Each employee partici-
pated, on average, in 3.3 processes (standard devi-
ation = 2.1), with a mean percentage of sustainable
actions of 79.84% (standard deviation = 18.4%),
with p-value= 0.001. Thus, there was an increase in
post-intervention ecologically correct actions with a
statistically significant difference (Chart 1).

Chart 1. Comparison of sustainable actions according to the stages of the medication process performed by the nursing team before

and after interventions

Stages of the process and interventions inter|\)/::1tion inter\:’:r:tion p-value
Withdrawal of medication
Reduce: use of plastic bags for transporting medications 41.8 26.3 0.02**
Reuse: plastic bags stored for reuse 19.6 28 0.417**
Recycle and discard properly: disposal of plastic bags 91.8 90.9
Preparation of medications
Reduce: hormonal anti-inflammatory drug leftovers 789 259 0.001*
Recycle and discard correctly:
Removal of labels from plastic bags to be recycled 32.4 80 0.000**
Proper disposal of plastic bags 95 97.7 0.145**
Proper disposal of materials with little or no organic material (cotton, gauze and other) 25.8* 72.6 0.000**
Proper disposal of primary packaging (syringes) 63.6 84.4 0.002**
Proper disposal of primary packaging (needles) 80 87.5 0.466**
Proper disposal of primary packaging (vials) 64.3 93.8 0.000**
Proper disposal of primary packaging (bottle-vials) 36 89.6 0.000**
Proper disposal of primary packaging (wrappings) 9.52 35.9 0.001**
Proper disposal of hormonal anti-inflammatory drugs 114 84.6 0.000**
Administration of Medications
Recycle and discard properly:
Proper disposal of materials with little or no organic material (gloves, masks and caps) 45.2* 88.5 0.000**
Proper disposal of primary packaging (syringes) 55.4 78.9 0.000**
Proper disposal of primary packaging (needles) 54.6 93.1 0.000**
Proper disposal of primary packaging (bottle-vials) 321 50.9 0.000**
Proper disposal of primary packaging (plastic bottles) 66.6 476 0.459**

“Proper disposal related to patients in isolation; “Pearson’s Chi Square; “Fisher’s Exact Test
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As a result, there was a reduction in the use
of materials, such as plastic bags (37.1%), reduc-
tion in leftover hormonal anti-inflammatory drugs
(67.1%), increased removal of labels from plastic
bags to be recycled (146.9 %), and improvement
in proper waste disposal (32.2%), especially those
related to primary packaging for medications con-
sidered hazardous to the environment and human
health, with a statistically significant difference of p
<0.05. The reuse of plastic bags, although the per-
centage increased, was not statistically significant.

Figure 1 gives some examples of interventions
applied in the medication process by the nursing
team during the study.

As shown in table 1, in the post-intervention
period there was a major decrease in total waste
generation (38.6%), due to reductions in materi-
als used and infectious waste, sharps and normal
non-recyclable waste. There was an increase in recy-
clable waste, albeit not significant, since this waste
was generally discarded properly before the inter-
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ventions and due to lower waste generation, as in
the case of plastic. Increased chemical waste was due
to the segregation of medications which are now
properly discarded. Based on the data, it is estimat-
ed that there was a reduction of 5,324.9 kilos in one
month, in just the ICU.

The financial savings obtained by the ICU in-
cluded: 59.9% reduction in the cost of treating
infectious and sharps waste due to decreased gen-
eration of these wastes; 37.1% reduction in plastic

Table 1. Comparison of the amount of waste generated by the
ICU before and after the interventions

Interventions

Results .“
Type of waste %) p-value
Before* After* v
Infectious and sharps 8.76 3.51 -59.94 0.000
Chemical 0.001 0.6 >100 0.000
Normal non-recyclable 3.76 3.06 -18.62 0.002
Normal recyclable 1.19 1.24 +4.2 0.645
Total 13.7 8.41 -38.6 0.000

“Mean kilos of waste/per patient/day; “ T-test for independent samples

Figure 1. Examples of interventions applied in the medication process

Acta Paul Enferm. 2016; 29(3):316-24. m
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bag purchases due to decreasing their use for trans-
porting medications; 40.7% reduction through
purchasing lower dosage anti-inflammatory vials
(difference between 40 and 125 mg vials) which
previously generated leftovers that were discarded.
There were also direct financial savings from the
4.2% increase in the sale of recycled waste, desig-
nated for the hospital volunteer service.

Discussion

This study has some limitations. Although the sam-
ple selection was evenly distributed between the
units and shifts, it was not possible to perform a
randomized controlled study due to the character-
istics of the unit and the work of the nursing team.
The choice of the interventions was based on the
application of analysis tools used in Lean Six Sigma
methodology which recommended priority actions.
Therefore, other realities might require different
sustainable actions to improve processes.

Health establishments are also significant
energy and water consumers.“? In terms of to-
tal mean energy consumption, large hospitals
consume 3,301 kWh / bed, with 26.04% cor-
responding to lighting and 4.76% to heating
water.?) Although the hospital under study
had measures for clean energy efficiency, waste
on the part of professionals was noted, thereby
demonstrating the need to educate the team in
regard to rational consumption of resources.

In reference to water, climate change and its
impacts have caused drought, melting of glaciers
and depletion of aquifers, further exacerbating wa-
ter shortages. Health services can save this precious
natural resource through close monitoring of water
use and the installation of eflicient technologies.
@9 Flow regulators, automatic self-closing taps and
taps equipped with sensors can cut water consump-
tion by up to 50%.“? One study found that auto-
matic self-closing taps can lead to water savings of
up to 71% in surgical hand hygiene.®? In another,
researchers found that for turning off taps, leg op-
erated taps are more economical than elbow-oper-
ated ones.*?

E Acta Paul Enferm. 2016; 29(3):316-24.

Conscious consumption is the first step to-
ward sustainability, in that at an individual level,
people can adopt new attitudes and practices.®’
However, although many sustainable actions in
health services depend on the practices of pro-
fessionals, the causes of environmental problems
also need to be analyzed according to the insti-
tutional context. Hospital systems and policies
can hinder proper practices and it is essential to
identify solutions that encourage professionals
and promote environmental sustainability re-
gardless of the motivation of workers.

To control infections, materials from pa-
tients in isolation should not be shared and
should be discarded as infectious waste, even
if not used. Another study also found that
10% of the materials for patients in isolation
materials are discarded without being used.?
The unnecessary accumulation of supplies in
the patient’s room results in undue expendi-
tures on materials and waste treatment. Pro-
fessionals need to make an effort to keep fewer
supplies in patients’ rooms to avoid the loss of
these materials when patients are transferred
or discharged.

One study found that the materials most fre-
quently cited as sources of waste in hospitals are
medications, followed by printed paper.©® Nurs-
es are in a position to act as educators regard-
ing products and materials, and reduce waste.
Nurses, pharmacists and health system manag-
ers also play a role in advocating for changes in
the way pharmaceuticals are produced and made
available to the market.?” The large volume of
disposable packaging, such as cardboard and
plastic to envelop the medication, in addition to
packaging used to separate medication into unit
doses and transport them between the pharmacy
and the units, generate a significant amount of
waste daily.

To ensure proper recycling and waste treatment,
waste needs to be separated at the time and place of
its generation, which requires different containers
according to its physical, chemical and biological
characteristics, its physical condition and the risks
involved."® In other waste management studies, re-



searchers also detected problems in the separation
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stage.'
units, due to the large amount of equipment, tech-
nology and professionals, hinders the installation
of different waste containers inside the room. The
lack of containers for normal non-recyclable waste
in the rooms causes nursing teams to discard waste
as infectious waste, increasing gas emissions and
treatment costs. Treating infectious waste costs, at
least, five times more than normal waste.®”

Although chemical waste containers were avail-
able in the hospital that was studied, the nursing
team only requested them in specific cases, such as for
disposal of chemotherapy waste. Most of the process-
es examined involve medications that pose a risk to
public health and the environment. If chemical waste
is disposed of incorrectly, it may be sent directly to
the landfill, exposing urban sanitation workers and
recyclers to direct contact with toxic agents, in addi-
tion to facilitating environmental contamination. In
other cases, if hazardous chemical waste is separated
as infectious waste and sent for heat treatment, be-
sides not reducing the chemical risk, it promotes the
release of toxic gases and vapors.!”

In this study, cost savings were achieved by wast-
ing fewer plastic bags and reducing leftover anti-in-
flammatory drugs, by treating infectious and sharps
waste and increasing the sale of normal recyclable
waste. As hospitals strive to control costs, it is im-
portant to bear in mind that promoting sustainabil-
ity practices yields not only environmental benefits,
but also economic ones for the institution.

Conclusion

The analysis of medication processes revealed prob-
lems related to the physical structure, equipment,
materials, methods, work environment and per-
sonnel, that weakened proper sustainable actions
by the nursing team. The proposed interventions
primarily involved the installation of efficient tech-
nologies to save on natural resources such as water,
investment in suitable containers, changes in work
methods to reduce materials and facilitate recy-
cling and appropriate waste treatment, changes in
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institutional policies and training of the team. The
changes in processes resulted in better attitudes on
the part of professionals and reduced waste, indi-
cating the need for hospitals to not simply leave the
role of collaborating with the environment up to
staff members, since institutional problems can also
constitute obstacles to these practices.
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