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Abstract—Management of the waste related to
environmental issues becomes increasingly essential for
maintaining a healthy environment, and the waste of health
services are part of this system that should be well planned and
solved. The objective of this work is to make the diagnosis of
management of dental waste production chain system in a
dental clinic in the city of Manaus and check the possibility of
application of reverse logistics. A single case study was
conducted, with an exploratory, qualitative and observational
approach, empirically, the management of waste production
chain system. The management plan is a reality in the studied
public health unit and complies with current legislation;
however, the application of reverse logistics still does not occur.
The relevance of the plan compliance assists in preserving the
environment and health of the population, minimizing health
and environmental risks, and demonstrates the importance of
proper management of this waste.

Index Terms—Healthcare waste, management plan, reverse
logistic.

. INTRODUCTION

Nowadays, serious challenges are faced regarding the
waste produced by human beings, such as the complexity and
diversity within environmental issues [1].

Environmentalists point out that the issue of waste is
already one of the most serious urban environmental
problems of today [2]. The environmental management is a
matter of general interest. It is due the concern with the
development of a sustainable model for production and
consumption. This interest has generated more efforts of
international and national organizations. This organizations
have invested a significant proportion of theirs resources to
protect the environment and to provide a specific legislation
[3]. It is need a management associated with the
environmental issues to allow the environmental protection.
Thus, the Waste Management becomes increasingly critical.

More broadly, sustainable waste management involves
many processes, people, laws, and it is not constantly
developed effectively.

Health-care waste (HCW) requires special attention and
proper management techniques. It is due the potential
pollutant of the environment and infectious environment
from human health [4]. Therefore, HCW, as well as waste in
general, should have their management and design well
harmonized.

Gomes and Esteves [5] argue that the HCW poses a serious
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problem for society and the environment. It is due to its toxic
and/or pathogenic characteristics. Shinzato et al. [6] attentive
to the need to require a management plan appropriate for
HCW, because the issues of public health and environmental
sanitation. Thus, it is noticeable a worldwide concern
regarding the management of HCW.

According to the Environmental Protection Agency of the
United States (EPA) [7], HCW is all waste generated at
health care facilities, such as hospitals, physicians' offices,
dental practices, blood banks, and veterinary hospitals/clinics,
as well as medical research facilities and laboratories.

HCW Management practices vary greatly from country to
country. It depends on several factors such as
socio-economic conditions, regulation, level of education,
available resources, treatment technologies, and the capacity
to monitor and best manage inadequate practices [8].

Dental waste constitutes a small part of the total solid
waste produced by the community. However, its
management is important, because it includes various
potentially infectious and hazardous materials [9].

Inadequate and inappropriate handling of dental
health-care waste may have serious public health
consequences and a significant impact on the environment. It
is considering the growing number of dentists in urban areas
and increased awareness about the dental treatment of the
public [10].

Reverse logistics (RL) awakens a growing interest in
business organizations in order to internalize their
performance in a global. It is due the increasing demand for
an economically viable, environmentally sustainable and
socially just management, competitive and continuously
market changing [11]. Thus, the use of logistic management
will boost, as well as possible environmental gain and public
health.

Not withstanding the fact that environment issues have
been a concern of nations [12]. RL is still not widely used in
health care, nevertheless it is waited that the implementation
of RL promotes less waste.

Analysis of reverse management HCW brings to the
scientific knowledge a systemic and integrated view on
problem of discarded materials. It is possible to comprehend
how the distributor, generator of waste and final disposal are
inserted in the same chain, in which all are responsible. To
know this network, it requires a scientific method, systematic
and replicable. Which it needs to expand applications, and
adding knowledge to develop a reverse logistic system [13].

Therefore, the aim of this work performs the diagnosis of
the management system of the production chain of dental
waste in a dental clinic.
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Il. HEALTH-CARE WASTE

Over the past 15 years, there has been much effort to
improve the Health-care Waste Management (HCWM)
policies and disseminate them nationally and internationally
[14]-[16].

However, there is no agreement accepted worldwide on
the definition of HCW, which represents a challenge from the
similar point of view [17]. Most definitions refer to a fraction
of the waste generated by medical activities.

The EPA/USA defines HCW as Hospital Waste, with
Medical Waste being used when the waste is hazardous, and
Regulated Medical Waste, when infectious. In addition, there
are also significant differences in the HCWM worldwide,
mainly between low and high-income countries [18].

Many developed nations have specific legislation
regarding HCWM, but there isn’t much explanation about
which ones are classified as infectious [19].

In Brazil, for example, the HCW covers all medical waste.

Legislation on the HCWM is a key weakness in the
governance structures, particularly in low-income countries,
and in need of support for institutional strengthening and
capacity building [8], [20], [21].

Several health centers, in developing countries, do not
adequately perform an HCWM. It is a problem especially for
the infectious and hazardous waste. This waste is not
sufficiently segregated at the time of disposal [15]. This
makes HCWM a significant public health and the
environmental problem [22]. According to Hossain et al. [17],
HCWM remains a major challenge, particularly in most
health facilities in developing countries.

Exposure to hazards associated with HCW and its
management have gained attention worldwide in various
conferences, symposiums, forums, national and international
[23].

If this waste is not properly managed, it can be of high risk
to hospital staff, patients, the community, public health and
the environment, especially in populations with low
purchasing power, where disposal standards often are not
followed [24].

In 2011, a report presented to the United Nations
Organization (ONU), recognized concern with inadequate
management and disposal of medical waste, including open
burning. Even though on a small scale, these burnings
endangers the environment [25].

The CDC (Center for Disease Control) and EPA regulate
the HCW in the USA, and organizations such as WHO
(World Health Organization) and PAHO (Pan American
Health Organization) have their own classifications systems.

In Brazil, the Sanitary Vigilance Agency (SVA) and the
National Council for the Environment (NCE) assumed the
role of guide, define rules, and take action. This actions could
be through the imposing legal liability for the proper
discharge of hazardous waste, from its generation to final
disposal [26].

HCW, in Brazil, are classified according to the Resolution
of the Collegiate Board (RCD) 306/2004 [27] into five
groups: A (biohazard), B (chemical), C (radioactive), D
(common) and E (sharps). The RDC commands the health
facilities to implement a management of HCW by
establishing an Health Care Waste Management Plan
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(HCWMP). In developed countries, as well as own
classification systems for HCW, is invested a lot in
environmental education on the particular collection,
recycling and research so that we can reuse waste discarded.

It’s important to highlight that the solid waste generated by
health care establishments is a source of microorganisms and
the handling, storage, transport and improper disposal can
lead to accidents, infectious diseases, in addition to causing
damage to the environment [28]. Therefore, an adequate
management is required to a better world.

The importance of HCWM is a fact, but there are
difficulties in its operation, from the inexperience of
municipalities and hospital managers to effectively equate its
provisions, to the diversity of rules and regulations on the
subject [29]. Developing a HCWMP aimed at the right
management of waste as well as the appropriate final
destination, minimize the risks of health and environmental
pollution.

A HCWMP is, according to Mozachi [30], an instrument
designed to establish each stage of the waste management
process: classification, segregation (separation), conditioning,
internal and external collection, transport, storage, treatment
and final disposal, and also the safe handling and personal
protective equipment use (PPE).

All HCW generators should design and implement a
HCWMP taking into account the current legislation and
standards of health monitoring. It should prepare by qualified
professionals [31].

Dentists and their support staff generally use certain
substances that are regulated under federal, state or local
environmental regulations [32].

In this perspective, the dentist is responsible for the waste
generated by their work process, and to develop actions
aimed at meeting the objectives prescribed by law [33].
Hence, the correct segregation in dental offices, with its
personnel properly trained, promotes less damage to the
environment.

I1l. REVERSE LOGISTICS

Reverse Logistics (RL) is defined, according to the
National Policy on Solid Waste (NPSW), as an economic and
social development tool characterized by a set of actions,
procedures and means to enable the collection and waste
recovery solid the business sector, for reuse in its cycle or
other productive cycles, or another disposal environmentally
appropriate [34].

Nowadays, there are many definitions of RL. The new
business opportunities related to sustainable area determine a
growing corporate, governmental and researchers interest, to
minimize the degradation of the environment [35].

According to Cometti and Alvez [36], RL can contribute to
sustainable development because it reduces the consumption
of virgin raw materials and environmental contamination
risks, creates more jobs due to reversed distribution channels,
enables the reuse and recycling of returned products and
disseminates environmental responsibility to waste
generators.

Therefore, RL relates to all logistics activities including
collect, remove and process products using part of products
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and / or materials, in order to ensure a sustainable recovery
from an environmental point of view [37].

RL aims to reuse solid waste, thus consuming less natural
resources and reducing the environmental impact [38].

The importance of RL takes on the finding of an increase
of, between 2002 and 2009, the generation of solid waste in
Brazil higher than the growth of population and GDP (Gross
National Product) [39].

To minimize the environmental problems associated with
the disposal of solid waste, Agenda 21 considers the 3Rs
(reduce, reuse, recycle) practice as essential to minimize
impacts to the environment in landfills [40].

RL inclusion at waste management brought a promising
opportunity to reduce environmental impacts in the
production cycle, systematizing the waste and co-products
flow through its reuse in or outside the production chain [41].

To Better Understand The Waste Production Chain And
Its Management In A Sustainable And Secure Way, From
The Perspective Of Economic Gain And Promotion Of
Public Health, The Adoption Of Logistics Management Is
Necessary, In Order To Include The Relevant Variables [13].

The use of RL concepts generates certain environmental
benefits. The use of reverse distribution channels properly
structured and organized, promote the minimization of waste
generation, from an efficient segregation and treatment
methods that seek to reduce the volume of waste to be
deposited in soil and exposed to community [12].

Hospital logistics would be, according to RCD 50/2002
[42], a support area with very different functions, ranging
from laundry services, maintenance, support for X-ray
examinations where there is low contact with patients, to
activities greater contact, such as cleanliness and hygiene of
the building, parking, security, and surveillance.

Only a few studies point the loss control of hospital and
laboratory supplies, given the nature of the provision of
medical services and diagnostics [43]. Most health services
do not have recycling systems or RL.

And despite the complexity, international and national data
demonstrate the importance of logistics in the hospital
environment [44].

IV. METHODOLOGY

Initially this work began with a literature review.

A bibliographic / desk research was carried out to obtain a
theoretical background through a literature related to the
topic.

A single case study of exploratory, qualitative and
observational approach was conducted. In this study was
analyzed the management system of the dental waste
production chain in a dental clinic and integrated them to the
reverse logistics.

This paper’s objective wasn’t to quantify the information
collected but to know how the management of HCW was
performed.

For study’s delimitation, a dental clinic has been chosen,
which is part of the public health system of the city of
Manaus, Amazonas, located in the south-central area of the
city.

The interviews were conducted using a script prepared by
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Maranh&o et al. [45]. Interviews have been carried out with
those responsible for the execution and management of
HCW.

The research didn't involve people, but information on the
management of HCW, i.e. questions of personal nature was
not made, only the organizational ones since the objective
was to gather evidence on the waste treatment of the health
unit.

To carry out the interviews, it was necessary to visits
several places in loco. It was made during the first half of
2016. It was done because it's crucial to discuss the
management of solid wastes on site. It is a way to foster the
construction of a diagnosis based. In fact, its procedure is
done to enable the understanding of how this management is
being operational. It additionally is possible to identify its
effectiveness to minimize the potential risks to sanitary issues,
to the environment and to human health, respecting the
established regulations [46]. There was also the informal
observation of the site to record the visits with photos and to
appreciate the management of waste.

After gathering the data, these were analyzed by content
analysis technique introduced by Bardin and for the graphs
and tables the software used was MS-Excel for Windows
version XP.

The flowchart in Fig. 1 shows, in summary, the method
used in this study.

Literature Rewiew
Bibliographic/Desk Research

Case Study
Qualitative

\ 4

Interviews

\ 4

Exploratory Observational

Visits in loco Informal Observation

Fig. 1. Methodology used.

V. RESULTS AND DISCUSSION

The results expose a study of the applied questionnaire, the
classification and types of waste generated by the dental
clinic, the description of the HCWM, and the observation of
the possible application of reverse logistics.

The health center has a HCWMP since its inauguration in
January 2014, and it is run by a properly licensed third party
company.

The dental clinic is part of State of Amazonas’ public
health system and is consisted in of twelve dental offices in
an area of approximately 90m=

Preventive and curative dental services such as
consultation, restorations, root canal treatments, scrapings,
extractions, cleanings and topical fluoride applications are
performed daily.

All clinical procedure in dentistry generates chemical,
physical or biological waste and may cause, if not controlled,
problems for the patient, practitioners and for the
environment [47].

Even if is a small amount of contaminated material from
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the dental waste, there is still a risk of cross-infection and the
potential for environmental contamination, when these
residues are poorly managed [48], [49].

Several local visits were made for observation and
description of the HCWM produced on site. It was done to
understand the HCWM process better.

The HCW identified in the healthcare facility belonged to
groups A, B, D and E (Table I).

During the visits, it was observed that the waste produced
is separated at the moment and at the place of its generation
according to its type and characteristics.

The trash bins that were used have a footswitch and were
coated with properly identified bags.

Group A residues are packaged in white color bags and
identified by the symbol for infectious substances.

Group B HCW that contains Mercury (Hg) is packaged in
containers filled with water (Fig. 2) and the fluids, such as
developer and fixer solutions, are neutralized by SVA’s
regulation and then disposed on the sanitary sewer. Lead
films disposals, originated from dental radiography, comply
with current laws and although they are capable of applying
reverse logistic, this doesn’t happen (Fig. 3).

TABLE I: HCW GENERATED AT THE CLINIC

Groups Description
gotentiall Gas, cotton, anatomical parts, anesthetic cartridges,
Infectious)y apron, hat, gloves and masks
?Chemical) Medicines, sanitizers, lead films, Amalgam
C
adioactive ot applicable
Radioacti N licabl
Waste)
D . - .
(Common Wiaste) Paper, napkins, plastic, cardboard, disposable cups
(ESharps) Syringes, needles, ampoules, scalpel blades, drills

Group D waste is packaged in black or dark bags, and there
is no separate collection of the general waste.

According to Ozbek and Sanin [48], uncontaminated
dental waste is mainly comprised of office waste, which does
not contain any substance that may pose a risk to human
health or the environment. These types of waste, once they
had been provided proper segregation, would be those who
might be subject to the application of reverse logistic.

Group E waste is packed in cardboard boxes properly
identified and when full they are taken from inside the clinic.

For HCW collection and transport, employees use the full
surgical scrub, as well as gloves and proper shoes, besides
active immunization against tetanus, diphtheria, hepatitis
type B.

Corroborating this study, Santos et al. [50] reported that
the appropriate packaging of HCW is a measure of health
promotion, once it prevents accidents, as long as safely
handled with the use of personal protective equipment (PPE)
and through the right destination. Therefore, it reduces the
risks in the workplace, protecting the health of workers and
the general population, because prevention is the best way to
avoid accidents and reduce harm to public health and the
environment.
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Fig. 2. Amalgam waste.

Fig. 3. Waste radiographic films.

Transportation to the temporary external storage is
performed in a single direction at the end of each shift and
does not coincide with periods of higher flow of people.

There is no waste treatment after removal from inside the
room. All treatments performed on HCW produced at the
facility are carried out by a third party.

HCW is temporarily stored at the facility's outer area, in an
exclusive and easily accessible environment. There are two
waste shelters in the outdoor area: one for ordinary waste and
one for HCW, properly identified.

The transportation of the HCW is made by the hired
company, and the universal waste collected daily on a
previously agreed scheduled, while hospital waste is
collected weekly by a third party enterprise.

Regarding the application of the RL, the result of this study
is in agreement with Hanne, Melo and Nickel, [51], [52]
research: despite the complexity and importance of logistics,
healthcare organizations often underestimate the logistics
participation and contribution in a hospital environment.

Therefore, in this paper was observed that wastes from the
classes A, B, and E, have biological, chemical and physical
characteristics and, can not be recycled or reused, and are
sent for disposal in accordance with current legislation.
About group D residues, those that could be suitable for
recycling or reuse, it was found that there is no segregation at
the time of disposal.

This study identified that the dental clinic has an HCWMP
since its opening in 2014 and it is run by a third party
company in accordance with current legislation.

The waste generated in the unit belongs to groups A, B, D
and E. Due to their characteristics, the whole Group D
residues and only one from Group B would be capable of
applying RL, a fact that doesn’t occur.

Regarding the plan’s accomplishment, it was observed
some failures that need to be fixed, as the absence of
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particular collection and continuing education programs for
employees.

Therefore, the HCWMP is a reality in this public health
unit, that despite the existence of some gaps, such as the
possible application of RL, these might be suggested and then
begin to be implemented. The relevance of the plan’s
accomplishment assists in preserving the environment and
people’s health, minimizing sanitary and environmental risks,
and demonstrates the importance of proper management of
this waste.

VI. CONCLUSION

This study identified that the dental clinic has a HCWMP
since its opening in 2014 and it is run by a third party
company in accordance with current legislation.

The waste generated in the unit belongs to groups A, B, D
and E. Due to their characteristics, the whole Group D
residues and only one from Group B would be capable of
applying RL, a fact that doesn’t occur.

Regarding to the plan’s accomplishment, it was observed
some failures that need to be fixed, as the absence of selective
collection and continuing education programs for employees.

Therefore, the HCMWP is a reality in this public health
unit, that despite the existence of some gaps, such as the
possible application of RL, these might be suggested and then
begin to be implemented. The relevance of the plan’s
accomplishment assists in preserving the environment and
people’s health, minimizing sanitary and environmental risks,
and demonstrates the importance of proper management of
this waste.
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