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Abstract

The management of healthcare waste (HCW) presents a significant environmental and
public health challenge, aggravated by gaps in current Brazilian federal regulations. This
study provides a comprehensive analysis of specific state and municipal legislation on HCW,
comparing it with ANVISA Resolution No. 222/2018 and CONAMA Resolution No. 358/2005
to ascertain whether local regulations enhance management practices and can act as
supplementary instruments to federal guidelines. The methodology was structured into
three distinct phases: () a systematic survey of state and state capital regulations
concerning HCW; (ll) the development of a qualitative and quantitative analysis matrix to
compare the identified local legislation with the federal reference frameworks; and (lll) a
complementary term-frequency analysis. A total of 33 legislative documents were identified,
of which only six exhibited no significant divergences from the federal regulations. It is
noteworthy that legal provisions establishing more stringent compliance deadlines,
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dedicated supervisory bodies, transparent decision-making processes, and a differentiated
approach for small versus large generators can significantly contribute to an integrated,
sustainable, and efficient HCW management system. Furthermore, initiatives related to the
reverse logistics of pharmaceuticals and the regulation of household healthcare waste, areas
not yet addressed at the federal level, represent notable advancements in promoting a
circular economy. The findings of this study demonstrate that well-formulated local
legislation strengthens the HCW management system by adapting it to regional specificities,
thereby extending the reach of public policies and fostering circular economic models. The
implementation of HCW generation indicators, effective oversight mechanisms, simplified
criteria for small generators, the promotion of less-polluting treatment technologies, and
robust environmental education programs are critical to developing a more integrated,
sustainable, and efficient system that yields tangible benefits for public health and
environmental protection.
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1. Introduction

Healthcare waste (HCW) encompasses all waste generated by healthcare facilities, as defined
by the National Health Surveillance Agency (ANVISA) in Resolution RDC No. 222/2018. This
includes any service whose activities are related to human or animal healthcare. HCW is classified
into five groups according to its characteristics and associated hazards: Group A comprises waste
with potential biological agents that, due to their nature, may pose an infection risk; Group B
includes waste containing chemical substances that present hazards to public health or the
environment based on properties such as flammability, corrosivity, reactivity, pathogenicity,
toxicity, or toxicological effects; Group C refers to materials containing radionuclides in quantities
exceeding the clearance levels established by the National Nuclear Energy Commission (CNEN), for
which reuse is neither appropriate nor foreseen; Group D consists of waste that poses no
biological, chemical, or radiological risk to health or the environment and is comparable to
municipal solid waste; and Group E includes sharps or cutting/piercing materials [1]. Within this
classification, four of the five groups (A, B, C, and E) are designated as hazardous.

According to the World Health Organization [2], approximately 15% of HCWs are considered
hazardous. Due to its potentially harmful nature, improper disposal of HCW poses significant risks
to human health and the environment. In Brazil, HCW generation in 2021 was estimated at
289,915 metric tons, equivalent to approximately 1.37 kg per capita annually, according to data
from the Brazilian Association of Public Cleaning and Special Waste Companies [3]. The most
recent overview published by the Brazilian Waste and Environment Association [4] indicates a
slight increase in 2024, totaling 292,762 metric tons, an increase of approximately 1% compared
to 2021. Although modest, this upward trend underscores the critical need for effective
management strategies to mitigate expanding socio-environmental impacts.

Page 2/29



Adv Environ Eng Res 2025; 6(4), d0i:10.21926/aeer.2504031

Inadequate management of HCW can exacerbate environmental degradation and public health
risks; however, such impacts can be significantly mitigated through proactive ecological protection
and public health interventions [5]. HCW management thus constitutes a comprehensive set of
administrative, operational, and technical procedures for integrating, organizing, planning, and
implementing waste-handling practices grounded in legal and scientific frameworks. Its primary
objectives are to minimize waste generation, ensure safe and compliant disposal, safeguard the
biosafety of professionals directly or indirectly exposed to HCW, and protect public health [1].
Although HCW accounts for only about 2% of total daily urban waste generation in Brazil, its
proper management remains imperative. Healthcare generators are obligated to comply with
environmental, public health, and occupational safety regulations and must continuously strive to
enhance their waste management practices [6]. Complementary strategies may also be adopted
to improve waste control, including the application of the 10Rs of the Circular Economy: refuse,
rethink, reduce, reuse, repair, recondition, remanufacture, redirect, recycle, and recover [7].
Additionally, investment in environmental education for staff is a vital component of HCW
management, as it equips personnel—who are in constant contact with such waste—with the
knowledge and skills to handle it appropriately and respond effectively in contamination-related
emergencies. HCW management must extend beyond mere regulatory compliance; it must also
prioritize continuous environmental education to ensure proper handling practices [8, 9]. While
these measures can reduce occupational and environmental risks, existing literature indicates
persistent gaps in professional training and awareness, highlighting the urgent need for integrated
regulatory and educational frameworks.

Regarding the historical context of HCW legislation in Brazil, the National Environmental
Council (CONAMA) established, with Resolution No. 6, of September 19, 1991, the first guidelines
for the treatment of solid waste from health facilities. This resolution permitted the incineration of
such waste, provided that state environmental agencies defined specific treatment standards as a
prerequisite for licensing activities related to collection, transportation, packaging, and final
disposal. In 1993, the Brazilian Association of Technical Standards (ABNT) established the
classification of healthcare waste through Brazilian Reference Standard (NBR) No. 12808.
Subsequently, CONAMA Resolution No. 6, of August 5, 1993, was published, addressing the
management of solid waste generated in ports, airports, railway and road terminals, and
healthcare service establishments [10].

In 2004 and 2005, respectively, ANVISA and CONAMA published complementary and
convergent resolutions, which marked a milestone for HCW management in Brazil. ANVISA
Resolution - Collegiate Board Resolution (RDC) No. 306, of December 7, 2004, detailed the
management of HCW according to its classification (Groups A, B, C, D, E, and subgroups A1, A2, A3,
A4, and A5) and the Healthcare Waste Management Plan - HCWMP [11]. Meanwhile, CONAMA
Resolution No. 358, of April 29, 2005, emphasized the treatment and final disposal of healthcare
waste [10]. Notably, ANVISA RDC No. 306/2004 was later revoked by ANVISA Resolution No. 222,
dated March 28, 2018. According to Portugal and Morais [12], the 2018 resolution simplified the
regulatory framework by omitting specific details previously included, as those provisions were
deemed to be addressed in other existing normative instruments.

In this context, scholarly analyses suggest that the absence of national standardization, coupled
with the proliferation of diverse local regulations, may simultaneously reinforce best practices and
generate regulatory inconsistencies [12]. Despite the significance of this issue, there remains a
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notable scarcity of systematic studies examining how Brazilian states and capital cities have
regulated HCW in relation to federal norms. This academic gap is particularly salient, as
international literature consistently emphasizes that adapting regulatory frameworks to local
contexts is essential for effective waste management [13, 14]. Consequently, it is imperative to
assess the extent to which state and municipal legislation in Brazil complements, expands upon, or
diverges from national regulations.

This study therefore aims to conduct a comparative analysis of legislation enacted by Brazilian
states and capitals regarding HCW management, using the ANVISA RDC No. 222/2018 and
CONAMA Resolution No. 358/2005 as primary federal benchmarks. The analysis seeks to
determine whether local regulations establish more stringent or specific requirements, address
regulatory gaps at the federal level, and meaningfully contribute to protecting public health and
the environment. By addressing a critical gap in the literature and providing updated evidence on
Brazil’s regulatory landscape, this study offers valuable insights to inform both operational waste
management practices and the development of more coherent, integrated, and effective public
policies.

2. Materials and Methods

This study adopted a comparative analytical framework, according to the flowchart presented
in Figure 1 and structured into three main phases: I. Survey of state and capital city regulations
concerning HCW; II. Construction of a qualitative and quantitative analysis matrix to compare the
identified legislation, state and municipal, against the federal reference regulations: RDC No.
222/2018 and CONAMA Resolution No. 358/2005; and lll—complementary frequency-based term
analysis (Wordcloud).
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Figure 1 Flowchart used in the comparative analysis between state/capital and federal
legislation on healthcare waste (RSS), highlighting the qualitative criteria applied to
identify additions to national regulation. Legend: A: Does it follow a waste
classification different from RDC ANVISA No. 222/2018 and CONAMA No. 358/20057?; B:
Is it more restrictive than federal legislation?; C: Does it specify or include any
additional topics beyond federal legislation?; D: Does it define a specific treatment?; E:
Does it suggest any treatments considering the waste classification?; F: Does it prohibit
any particular treatment?; G: Does it detail segregation, management, storage areas,
collection, internal/external transportation, disposal, or others?; H: Does it provide for
HCW generated by home care services?; |: Does it establish the option of a Simplified
Healthcare Waste Management Plan?

For Phase |, the regulatory survey, the inclusion criterion was legislation specifically addressing
HCW; general waste regulations were excluded. Data collection began through the Portal da
Legislacdo Estadual, which aggregates links to official repositories for each Brazilian state.
Subsequently, Google’s search engine was used with the keywords “Residuos de Servico de Saude”
+ [name of state or capital], yielding a greater number of regulations not initially available in the
official repositories. However, it was observed that specific rules identified in the first stage did
not appear in subsequent keyword-based searches. Notably, S3o Paulo and Tocantins were not
retrieved through these searches, requiring targeted retrieval of their respective regulations by
official number and date. To broaden the scope of the search, the process was repeated using the
following keyword combinations: “residuos de servigos de saude + [state name]”; “lei residuos de
servicos de saude + [state name]”; “decreto residuos de servicos de saude + [state name]”, with
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identical formulations applied to capital cities. This iterative process identified 14 additional
regulations: 7 state-level and 7 municipal.

In Phase Il, a qualitative and quantitative analysis matrix was employed to compare the
collected regulations against the federal reference frameworks, following methodological
approaches established in both national and international studies, including normative analyses of
HCW in Brazil [12] and global regulatory assessment and waste categorization guidelines [13]. All
collected legislation was read in full and analyzed article by article in direct comparison with
ANVISA RDC No. 222/2018 and CONAMA Resolution No. 358/2005. The qualitative approach
enabled an in-depth examination of regulatory specifics and contextual nuances, while the
guantitative component was operationalized through the questions presented in Table 1. These
guestions were designed to evaluate whether local regulations complement, expand, or diverge
from the federal resolutions, specifically ANVISA RDC No. 222/2018 and CONAMA No. 358/2005.
The analysis focused on predefined key aspects, including: HCW classification; specification or
prohibition of treatment methods; degree of restriction; level of additional detail; and whether
differentiated HCWMPs are mandated according to the volume of HCW generated. When a
regulation yielded a positive (“yes”) response to any question, it was highlighted in the analysis to
facilitate the identification of relevant divergences or enhancements relative to federal legislation.

Table 1 Questions designed to perform the quantitative analysis of the legislation
relating to HCW in the states and capitals of Brazil.

Key Questions

Objectives

Do you follow a different waste
classification than RDC ANVISA No.
222/2018 and CONAMA No. 358/2005?

Assess whether the standards use another
classification for HCW, which could directly
impact waste management.

More restrictive than federal law?

Check whether the standards have stricter
requirements than federal standards and what
the reasons for this are.

Does it specify or include any topics
beyond federal legislation?

Does it specify or include any additional topics
other than federal legislation?

Does it define a specific treatment?

Analyze whether there are limitations or
guidelines on the treatment methods for HCW
and whether justifications are presented for this.

Do you suggest any treatments
considering the classification of waste?

Check if there are suggestions for treatments for
HCW according to their classification, guiding the
generator to choose practices that are
appropriate and viable for the local reality.

Does it prohibit any specific treatment?

Understand whether there are prohibitions on
certain forms of treatment and the justifications
for these restrictions.

Does it provide details on segregation,
management, shelters, collection,
internal/external transport, disposal, or
others?

Assess whether there is detail on the steps
involved in managing HCW, according to the
classification of the waste generated.
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H Does it provide information on HCW Check whether local regulations specifically
generated by home care services? address waste generated by home care services.
Does it establish the option of a Check if there is a differentiation between small

I Simplified Healthcare Waste and large generators and how this is treated in
Management Plan? relation to the simplified HCWMP.

As an additional resource, in Step lll, the Wordcloud technique was employed, which groups
and visually organizes words by their frequency of occurrence in the analyzed text. This is a simple
yet visually compelling analysis that facilitates rapid identification of keywords [15]. In this format,
words with higher frequency appear in larger font sizes, while those with lower frequency appear
in smaller fonts. Colors were also used to indicate the frequency with which words occur in the
evaluated texts, following the descending order defined by the authors: red, yellow, dark green,
light green, and gray.

For the analysis, four word clouds were generated using the software WordClouds.com [16],
which was selected for its free, user-friendly nature. These were: I. Wordcloud of ANVISA RDC No.
222/2018; II. Wordcloud of CONAMA Resolution No. 358/2005; Ill. Wordcloud of the compiled
state-level regulations; IV. Word cloud of the compiled capital city regulations. Additionally, the
top 10 most frequent words from each of the four texts were extracted to enable a comparative
guantitative analysis. The choice of this tool is justified by its potential to directly visualize central
themes and highlight differences among groups of regulations, allowing for a more immediate
comparative perspective. However, it should be noted that this is a complementary resource, as it
relies solely on term frequency and does not capture how terms are contextually employed within
the regulations, their legal weight, or their normative relevance, potentially assigning
disproportionate emphasis to recurrent words while disregarding their actual meaning within the
regulatory text. Thus, the word clouds were used strictly as a visual support tool and do not
replace the qualitative and quantitative analyses conducted in this study.

3. Results and Discussion

The search covered 26 states, 26 capital cities, and the Federal District, identifying 33 standards.
These standards pertained to 20 states, 13 capital cities, and the Federal District, as shown in
Table 2, Table 3, Table S1, and Table S2. For the states of Alagoas, Bahia, Ceara, Goids, Maranhao,
Paraiba, Pernambuco, Piaui, Rio Grande do Norte, and Roraima, and for the capital cities Maceio
(AL), Macapa (AP), Manaus (AM), Fortaleza (CE), Vitéria (ES), Sdo Luis (MA), Cuiabd (MT), Campo
Grande (MS), Belém (PA), Curitiba (PR), Porto Alegre (RS), Boa Vista (RR), Floriandpolis (SC),
Aracaju (SE), and Palmas (TO), it was not possible to identify specific HCW standards using the
methodology employed. For this reason, they were not mentioned in Table 2 and Table 3.
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Table 2 Assessment of legislation relating to HCW in the Brazilian States.

Assessment of Legislation related to HCW in Brazil - States

States

Standard Number Year A B C D E F G H I Highlights by

standard

Acre Lei Ordinaria n° 1401 [17] 2000 N/A N/A Yes No No No Yes No No 2
Amap3a Instrugcdo Normativa SEMA n° 6 [18] 20086 No No No No No No No No VYes 1
Amapa Lei Ordinaria n° 2505 [19] 2020 N/A N/A N/A No No No No No No O
Amazonas Lei Ordinaria n° 7244 [20] 2024 N/A N/A N/A No No No No No No O
Espirito Santo Decreto n° 5851-R [21] 2024 N/A No Yes No No No No Yes No 2
Espirito Santo Lei n° 6407 [22] 2000 Yes No No Yes No No No No No 2
Mato Grosso Instrucdo Normativa n° 001 [23] 2023 No No No No No No No No No O
Mato Grosso do Sul Lei n°® 1.807 [24] 1997 N/A Yes Yes Yes No Yes No No No 4
Mato Grosso do Sul Lei n® 4474 [25] 2014 No No Yes No No Yes No No No 2
Minas Gerais COPAM n° 171 [26] 2011 No No Yes No No Yes Yes No No 3
Pard Lei Ordinaria n®° 6517 [27] 2002 Yes No Yes No No Yes Yes No No 4
Parana Resolugdo Conjunta SEMA/SESA n° 002 [28] 2006 No No No No No No No No Yes 1
Parana Lei Estadual n® 16322 [29] 2009 N/A Yes No No No No Yes No No 2
Rio de Janeiro Lei n° 6635 (Redacdo dada pela lei 10601/2024) [30] 2013 No Yes No No No VYes Yes No No 3
Rio Grande do Sul Lei Ordinaria n® 10099 [31] 1994 Yes No No No No No No No No 1
Rondoénia Lei n® 592 [32] 1994 Yes No No No No No No No No 1
Santa Catarina Resolucdo Conjunta CONSEMA e DIVS n° 02 [33] 2019 No No No No No No No No No O
Sao Paulo Portaria CVS — 21 [34] 2008 No No Yes No Yes No No Yes No 3
Sergipe Lei Ordinaria n® 7.913 [35] 2014 N/A No Yes No No No Yes No No 2
Tocantins Portaria n° 94 [36] 2025 No Yes No No No No No No No 1
Number of highlights per question 4 4 8 2 1 5 6 2 2
Total of highlights 34
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Legend: A: Does it follow a waste classification different from RDC ANVISA No. 222/2018 and CONAMA No. 358/20057?; B: Is it more restrictive than
federal legislation?; C: Does it specify or include any additional topics beyond federal legislation?; D: Does it define a specific treatment?; E: Does it
suggest any treatments considering the waste classification?; F: Does it prohibit any particular treatment?; G: Does it detail segregation, management,
storage areas, collection, internal/external transportation, disposal, or others?; H: Does it provide for HCW generated by home care services?; I: Does
it establish the option of a Simplified Healthcare Waste Management Plan?; (Hatched in gray: emphasis given by the authors).

Table 3 Assessment of legislation relating to HCW in the capitals of Brazil.

Assessment of Legislation related to HCW in Brazil - Capitals

Capitals

Standard Number Year A B C D E F G H I Highlights by standard
Rio Branco Lei n® 2.107 [37] 2001 N/A N/A Yes No No No Yes No No 2
Salvador Decreto n°® 16.592 [38] 2008 No No No No No No No No VYes 1
Goiania Lei n°® 9522 [39] 2020 N/A N/A N/A No No No No No No O
Belo Horizonte Decreto n° 10.296 [40] 2024 N/A N/A N/A No No No No No No O
Belo Horizonte Decreto n°® 16.509 [41] 2024 N/A No Yes No No No No Yes No 2
Jodo Pessoa Lei Ordinaria n® 12.735 [42] 2000 Yes No No Yes No No No No No 2
Recife Decreto n° 18.480 [43] 2023 No No No No No No No No No O
Teresina Decreto n°® 9.432 [44] 1997 N/A Yes Yes Yes No Yes No No No 4
Rio de Janeiro  Portaria COMLURB n° 7 [45] 2014 No No Yes No No Yes No No No 2
Natal Decreto n° 7.168 [46] 2011 No No Yes No No Yes Yes No No 3
Porto Velho Lei Complementar n® 136 [47] 2002 Yes No Yes No No Yes Yes No No 4
S3do Paulo Decreto n° 37.471 [48] 20056 No No No No No No No No Yes 1
Distrito Federal Lei n°4.352 [49] 2009 No Yes No No No No Yes No No 2
Number of highlights per question 1 7 7 0 0O O 5 1 1
Total of highlights 22

Legend: A: Does it follow a waste classification different from RDC ANVISA No. 222/2018 and CONAMA No. 358/20057?; B: Is it more restrictive than
federal legislation?; C: Does it specify or include any additional topics beyond federal legislation?; D: Does it define a specific treatment?; E: Does it
suggest any treatments considering the waste classification?; F: Does it prohibit any particular treatment?; G: Does it detail segregation, management,
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storage areas, collection, internal/external transportation, disposal, or others?; H: Does it provide for HCW generated by home care services?; I: Does
it establish the option of a Simplified Healthcare Waste Management Plan? (Hatched in gray: emphasis given by the authors).
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In the quantitative analysis, the study was guided by the questions presented in Table 1, which
allowed for the following assessment: 5 regulations (15.2% of the total), of which 4 (19.1%) were
state-level and 1 (7.7%) was municipal, presented a classification of HCW that differed from that
of federal legislation. 11 regulations (33.3%), comprising four state-level (19.1%) and 7 municipal
(53.9%) ones, were more restrictive. 15 regulations (45.5%), with 8 being state-level (38.1%) and 7
municipal (53.9%), specified or included topics not addressed by federal legislation. Two states
(6.1% of the total; 9.5% of the states) defined specific HCW treatment protocols. One state
regulation (3.0% of the total; 4.8% of the states) suggested treatments for HCW according to their
classification. Five state regulations (15.2% of the total; 23.8% of the states) prohibited certain
specific treatments. 11 regulations (33.3%), 6 of which were state (28.6%) and 5 municipal (38.5%),
detailed segregation, management, storage areas, collection, internal/external transportation,
disposal, or other related aspects. Three regulations (9.1%), 2 of which were state (9.5%) and 1
municipal (7.7%), provided for HCW generated by home care services. Three regulations (9.1%), 2
of which were state (9.5%) and 1 municipal (7.7%), established the option to prepare a Simplified
HCWMP.

According to question A (Table 1), the regulations that followed a different classification for
HCW were those before 2005, which justifies the discrepancy. No subsequent updates were
identified that incorporated the new federal rules. These included: Law No. 6,407/2000 of Espirito
Santo [22], Law No. 6,517/2002 of Para [27], Law No. 10,099/1994 of Rio Grande do Sul [31], Law
No. 592/1994 of Rond6nia [32], and Decree No. 18,480/2000 of the city of Recife/PE [43].

For question B (Table 1), some state and municipal regulations were indeed more restrictive.
While CONAMA Resolution No. 358/2005 allowed up to 2 years for adaptation, and ANVISA RDC
No. 222/2018 establishes 180 days for new generators, local regulations significantly reduced
these periods. Among them, those that reduce the deadlines for submitting the HCWMP stand out,
such as the decree of Salvador/BA [38], which establishes a deadline of 60 days, counted from the
date of publication of the decree, for HCW generators to comply with the provisions according to
RDC ANVISA No. 306/2004 and CONAMA No. 358/2005 [38]. In Recife/PE, Decree No. 18.480/2000
establishes a deadline of 120 days for submitting the HCWMP and 60 days, counted from the date
of its approval, for its implementation [43]. In S3o Paulo/SP, Decree No. 37.471/1998 establishes
that establishments that generate HCW, after being summoned by the Municipal Secretariat for
Green Areas and the Environment, will have a period of 30 days to present the HCWMP [48]. Law
No. 4,352/2009 of the Federal District establishes a period of 60 days to show the HCWMP and a
period of 90 days, counted from the date of approval of the HCWMP, for its implementation [49].
Some rules impose penalties, such as Complementary Law No. 136/2001 of Porto Velho/RO, which
provides for a fine of 10,000 Fiscal Standard Units for violators [47]. Another rule restricts the
target audience, such as Ordinance No. 94/2025 of the state of Tocantins, which limits it to HCW-
generating units under the responsibility of the Health Secretariat of the State of Tocantins [36].
Law No. 6,635/2013 of the state of Rio de Janeiro and Decree No. 7,168/2013 of Natal/RN are
restricted to Healthcare Solid Waste [30, 46], and Municipal Urban Cleaning Company (COMLURB)
Ordinance No. 7/2024 of Rio de Janeiro/RJ, which provides for the certification of legal entities for
the collection and removal of HCW, determined, for the ordinance, as the waste described in
groups A and E of RDC No. 222/2018 [45].

Regarding question C (Table 1), some standards address additional topics or greater specificity,
such as reverse logistics for expired medications. In this example, we have Ordinary Law No.
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1,401/2001 - Acre, which requires that medications must be temporarily stored in containers
distinct from those used for sale, until their collection [17]; Law No. 4,474/2014 of Mato Grosso do
Sul, which details how the campaign should be carried out with pharmacies and drugstores for the
collection of expired or unfit for use medicines, cosmetics, pharmaceutical inputs, and related
products, making the collection of drugs mandatory [24]; and Decree No. 5,851-R/2024 of Espirito
Santo, which provides for the reverse logistics of medicines for home use and how distributors and
industries should act, making medicine manufacturers responsible for the final and adequate
disposal of the products sold, in addition to instructing how the temporary storage of expired or
unfit for use medicines should be done until their collection [21]. There is also Law No.
16,322/2009 of Parana and Complementary Law No. 136/2001 of Porto Velho/RO, which establish
the return to the manufacturer of expired medicines [29, 47]; while Law No. 7.913/2014 of the
state of Sergipe requires pharmacies and drugstores to maintain containers for the collection of
deteriorated or expired medicines, cosmetics, pharmaceutical supplies, and related products,
which must be sent to institutions that have an HCW Management Plan and Program, in addition
to establishing a fine in case of non-compliance with the law [35]. Another requirement beyond
those of federal standards was found in COPAM standard No. 171/2011 of Minas Gerais, which
establishes structural and equipment requirements for the HCW Treatment Plant, according to the
type of waste to be received [26]. There are also requirements, such as those observed in Ordinary
Law No. 6.517/2002 of Parda, which require the registration of HCW generators with the State
Executive Secretariat for Science, Technology, and Environment [27]. Other requirements that go
beyond federal standards are: Ordinance CVS - 21/2008 of the state of Sdo Paulo, which
specifically provides for the Management of Hazardous Waste from Medication in Health Services
[34]; Law No. 9,522/2014 of Goiania/GO, which determines the charging of a public fee for the
collection and final disposal service, in addition to determining the amount of a fine in case of
non-compliance with the provisions of the law [39]; Decree No. 10,296/2000 of Belo
Horizonte/MG, which details to generators of group C the following establishes that
establishments that generate HCW, after being summoned by the Municipal Secretariat for Green
Areas and the Environment, will have a period of 30 days to present the HCWMP [40]. Law No.
4,352/2009 of the Federal District establishes a period of 60 days to show the HCWMP and a
period of 90 days, counted from the date of approval of the HCWMP, for its implementation [49].
There are rules imposing penalties, such as Complementary Law No. 136/2001 of Porto Velho/RO,
which provides a fine of 10,000 Fiscal Standard Units (UPF) for violators [47]. Another rule restricts
the target audience, such as Ordinance No. 94/2025 of the state of Tocantins, limiting it to HCW
generating units under the responsibility of the Health Secretariat of the State of Tocantins [36].
Law No. 6,635/2013 of the state of Rio de Janeiro and Decree No. 7,168/2013 of Natal/RN are
restricted to Solid Waste from Health Services, and COMLURB Ordinance No. 7/2024 of Rio de
Janeiro/RJ, which provides for the certification of legal entities for the collection and removal of
HCW, determined, for the ordinance, as the waste described in groups A and E of RDC No.
222/2018 [30, 45].

For question D (Table 1), some standards establish specific treatments for HCW. Law No.
6,407/2000 of the state of Espirito Santo establishes, in its Art. 8, the following order of priority for
environmentally appropriate final disposal: | - incineration; Il - co-processing; and Il - final disposal
in a Class | landfill, intended for hazardous products [22]. Law No. 1,807/1997 of the state of Mato
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Grosso do Sul mandates incineration as the mandatory disposal method for hospital waste,
thereby applying to hazardous HCW [24].

According to question E (Table 1), Ordinance CVS-21/2008 of the state of Sdo Paulo provides
treatment recommendations based on waste classification, recommending incineration for Type 1
Hazardous Medication Waste in units licensed for Class | hazardous waste, but allowing
alternatives with environmental authorization [34].

Regarding question F (Table 1), some regulations prohibit specific treatments. In the state of
Mato Grosso do Sul, Law No. 1,807/1997 requires incineration for all HCW, and Law No.
4,474/2014 prohibits the following destinations: | - crude dumping in the open air, both in urban
and rural areas; Il - burning in the open air or in inappropriate, unlicensed containers, facilities, or
equipment, not in accordance with current legislation; Il - dumping into the sewage system; IV - in
sanitary landfills (hazardous waste landfills) [24, 25]. In Minas Gerais, COPAM No. 171/2011
prohibits the disposal of HCW in dumps, controlled landfills, pits, ditches, pipes, or open burning
[26]. In Para, Law No. 6,517/2002 prohibits the final disposal of HCW by establishments that are
not correctly registered with SECTAM [27]. Law No. 6,635/2013 of the state of Rio de Janeiro
prohibits the recycling or reuse of Group A and E waste [30].

When comparing the Brazilian context with the international context, through scientific
literature, it is recommended that infectious and sharp waste be treated primarily through non-
incinerator technologies, due to their potential to emit toxic atmospheric pollutants if operated
inappropriately, with treatments such as autoclaving with steam under pressure, microwaves, and
chemical treatments being recommended in specific contexts [50, 51]. According to the WHO
technical guide, the autoclave used with mechanical fragmentation is considered an efficient,
widely validated option for treating infectious waste [51]. Incineration is currently recommended
for anatomical and pharmaceutical waste when no viable alternatives are available. The choice of
technology must consider environmental, economic, and operational criteria, always seeking
alternatives that minimize risks to health and the environment [13, 51, 52]. In the study by Rafiee
et al. [53], eight treatments for infectious HCW were evaluated: autoclave, autoclave with
shredder, chemical treatment, hydroclave, demolisher, microwave, chem-clave, and central
incineration. The objective was to determine which of the analyzed treatments would yield the
best results, taking into account technical, economic, social, and environmental factors. The study
concluded that the hydroclave, a variant of the autoclave method that uses hot water and, in
some cases, chemical processes to sterilize waste, obtained the best score in the evaluated criteria.
The other treatments followed the following ranking order: autoclave with shredder, autoclave,
central incineration, and chemical treatment [53]. However, in studies that considered volatile
organic compound emissions, the autoclave with shredder obtained better results than the
hydroclave [54]. Despite recommendations to prioritize non-incinerator technologies, incineration
remains widely used in Brazil, where approximately 43.4% of HCW is treated by this method [3]. At
the international level, according to Fadaei [55], 91% of countries also use incineration to treat
HCW.

For question G (Table 1), standards with greater detail on steps such as segregation, handling,
storage areas, collection, transportation, and disposal included: Law No. 6,517/2002 of the state
of Para, which specifies the correct packaging in plastic bags or appropriate containers, according
to the type of waste [27]; Law No. 16,322/2009 of Paranda, which details the obligation of
pharmaceutical distributors to collect expired medications [29]; Law No. 6,635/2013 of Rio de
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Janeiro, which details that radioactive waste must be treated based on Resolution CNEN-NE 6.05
[30]; and Law No. 7,913/2014 of Sergipe, which provides information on what containers should
be used to collect the material and how it should be stored until it is collected by the responsible
party [35].

Regarding regulations in capital cities, decree No. 10,296/2000 of Belo Horizonte/MG details
the floor plan that must be in place at the stage of collection and internal transportation of Group
A waste, and also indicates the final storage areas for Groups A and D [40]. In Rio de Janeiro,
COMLURB Ordinance No. 7/2024 stipulates the minimum number and type of vehicles required
for collecting HCW [45]. In Teresina, Decree No. 9,432/2009 allows the collection of Group A
waste, which is easily putrefying, to be stored for more than 24 hours, provided it is refrigerated
or subjected to conservation methods [44]. In the Federal District, Law No. 4,352/2009 establishes
that Groups A, B, D, and E waste must be sent to controlled landfills [49].

To be an impartial source of health information and guidance on safe waste management
practices, WHO has developed the guide "Safe management of waste from health-care activities -
2nd edition (2014)” [13], which provides details on the segregation, storage, and transportation of
HCW, highlighting the importance of proper management to minimize risks and reduce
contamination of other waste [13, 56-59]. The guide also provides guidance on the use of colors
and symbols to identify HCW, to ensure that they are correctly identified, thereby avoiding
environmental contamination and incorrect disposal. Furthermore, it discusses how health
professionals should act during care to contribute to correct segregation, highlighting the
importance of educating professionals on proper segregation [13, 60-62]. The WHO [13]
establishes that vehicles used to transport HCW should not be used for any other purpose and
that there should be a specific routine to ensure that the storage time does not exceed the
recommended period, depending on the type of waste. However, the study by Raji and Adeogun
[63] found that the region's culture directly influences how waste is handled. Even if the
environments had correctly identified containers, correct use was not always observed. In
developing countries, the situation was more serious due to the lack of knowledge and resources
for the use of modern treatment techniques [64-66]. In developed countries, the authors
observed a better situation, in which the WHO guidelines were generally followed and access to
more modern and efficient treatments was available.

In response to question H (Table 1), standards on HCW from home care services include
Espirito Santo through Decree No. 5851-R/2024, which provides for expired or unused
industrialized and compounded medications for home use, and their packaging [21]. In the state
of Sdo Paulo, Ordinance CVS-21/2008 covers RPM (hazardous drug waste) from home
care/assistance services [34]. In Belo Horizonte, Decree No. 16509/2016 provides for HCW
generated in condominiums [41].

The presence of medications in the environment is primarily a consequence of their disposal in
homes, which is one of the most common incorrect disposal methods among the population, as
they mix medication waste with common solid waste [67]. The proper disposal of household
waste is of great importance for reducing risks associated with health and the environment.
According to the EPA (Environmental Protection Agency), there are several guidelines in the
United States for the disposal of medicines, including take-back programs, that facilitate the
return of household medicines to reduce improper disposal [68]. Medicine collection programs
are an essential solution to the problem of medicine disposal. Good coordination between the
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government and other authorities is necessary to ensure that medicine collection helps address
issues of use, storage, and disposal [69]. The rapid advances in medicine and the lack of awareness
among the population have resulted in a significant increase in medical waste, as well as improper
disposal of HCW by households. The lack of awareness among the population regarding the
disposal of HCW can lead to environmental damage and health risks, as reported by Banjar et al.
[70].

For question | (Table 1), standards that provide for the Simplified Healthcare Waste
Management Plan aimed at small HCW generators include: State of Amapa: SEMA Normative
Instruction No. 6/2008, which defines small waste generators (in accordance with Art. 4, § 2 of the
standard) as those that generate up to 30 liters/week (not applicable to establishments that
generate chemotherapy and radioactive waste) [18]. State of Parana: Joint Resolution SEMA/SESA
No. 002/2005 for generators of up to 30 liters per week [28]. Belo Horizonte: Decree No.
16509/2016 for condominium units and generators of subgroups A1, A3, A4, and groups B, D, and
E [41].

The HCW poses a significant challenge for governments, particularly in developing countries,
where waste management systems often have limited capacity to address the issue [14].
Understanding the importance of HCW is crucial, given the profound environmental impacts and
secondary effects associated with improper disposal. It is of utmost importance that a more
comprehensive waste management model be implemented, enabling countries not only to thrive
but also to take responsible control over this waste [64]. To this end, it is essential to establish an
organized and integrated system for HCW management. This system should cover all stages of the
short, medium, and long-term processes, including identification, segregation, packaging,
transportation, disposal, and storage of waste. To optimize HCW management, it is necessary to
incorporate strategies to prevent and minimize the generation of this waste, as well as to improve
the handling, reuse, and recycling of these materials at all possible stages [71].

Good waste management through an effectively implemented HCWMP, even if the
establishment is considered a small generator, brings several positive impacts to the institution.
These benefits include cost reduction through reduced energy consumption and waste quantity,
increased recycling, minimization of adverse environmental effects resulting from waste handling
and treatment, and a better public image [13]. Minimizing waste quantity and toxicity should be a
growing priority at all stages of the production cycle. At the same time, greater recycling of non-
hazardous waste and broader use of efficient, less-polluting waste-disposal practices should
reduce environmental and community health impacts while also maintaining protection against
the transmission of infections [13].

Finally, the most recurrent words in the legislation were evaluated, as shown in Figure 2. The
word clouds produced are highly similar, as expected, since they are legislative documents that
address the same topic. For this reason, when Table 4 was prepared with the ten most recurrent
words extracted from the word clouds, it was observed that five of them appear simultaneously
among the different documents. However, when evaluating the other highlighted words, it is
possible to identify the focus given by the standards in the context of HCW management. From
the visual analysis of the word clouds, it is clear that CONAMA Resolution No. 358/2005 presents a
more evident focus on the stages of treatment and adequate final disposal of HCW. In turn,
ANVISA RDC No. 222/2018 also highlights the risks associated with waste according to its
classification. Regarding state standards, there is a greater focus on HCW management guidelines
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and addresses specifications on medication management. In the case of municipal regulations, the
focus was primarily on the HCWMP, HCW collection, and solid waste generated by health services.
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Figure 2 Comparison of word clouds related to RDC ANVISA No. 222/2018, CONAMA
Resolution No. 358/2005, state regulations, and capital regulations.

Table 4 List of the 10 most frequent words in ANVISA n° 222/2018, CONAMA n°
358/2005, in the norms of the States and in the norms of the Capitals.

The 10 most recorded words

CONAMA n° 358/2005 RDC n° 222/18 States Capitals

Count Word Count Word Count Word Count Word

94 waste 106 hcw 932 waste 723 waste

93 healthcare 125 waste 839 healthcare 603 healthcare
27 treatment 110 healthcare 326 environment 171 final

21 group 55 group 228 medicines 167 group

20 conama 49 risk 228 hwa 161 collection

20 disposition 41 treatment 227 treatment 142 treatment
19 environmental 27 products 219 collection 124 hwmp

19 final 26 collection 216 final 115 management
16 products 26 service 189 group 205 environment
14 process 25 storage 159 disposition 102 transport
Count of co-occurring words 4
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The highlighted cells indicate words that are among the ten most frequent in both federal
regulations and in groups of state and municipal regulations, emphasizing commonly used and
highly relevant terms.

4, Discussion

According to WHO [13], supportive regulations for HCW management typically emerge after
the establishment of a national policy, and the importance of this progression is emphasized. This
is because legislation must be adapted to the local reality it is intended to address. States and
municipalities, upon identifying gaps in federal regulations, may develop their own rules tailored
to regional needs and contexts, thereby adapting HCW management accordingly. Another point
highlighted by WHO [13] is the need to establish penalties and effective enforcement mechanisms
targeting HCW generators. Although penalties for non-compliance are provided for in CONAMA
Resolution No. 358/2005 and ANVISA RDC No. 222/2018, direct oversight by states and
municipalities can contribute to stricter and more effective control.

In analyzing the identified regulations, it was observed that most reference federal norms—
CONAMA Resolution No. 358/2005 and ANVISA RDC No. 222/2018—and incorporate
complementary rules. As evidenced by Portugal and Morais [12], although ANVISA RDC aims to
define good practices for HCW management, it does not explicitly reference other complementary
legislation, such as CONAMA Resolution No. 358/2005 itself. Thus, the use of multiple
complementary norms regarding HCW management represents a positive aspect.

Moreover, ANVISA RDC No. 306/2004 previously established specific indicators to be produced
annually, such as: rate of injuries caused by sharps waste; variation in waste generation, indicating
proportions for Groups A, B, D, and E; and variation in recycling percentage. However, these
indicators were not included in ANVISA RDC No. 222/2018—a decision possibly intended to
simplify the new version of the resolution and encourage compliance by generators. Nevertheless,
this omission represents a significant loss of essential data for HCW management and governance
[12]. Notably, none of the analyzed regulations incorporated the aforementioned indicators,
which may be considered a negative point, as it hinders the acquisition of more precise data
regarding the current state of HCW management.

Overall, this study stands out by offering an unprecedented, comparative view of state and
municipal legislation on HCW, contrasted with current federal regulations. By systematically
compiling and analyzing the diverse regulations, it was possible to highlight regional particularities
and potential advances that may serve as models for other localities, as well as to identify
limitations that weaken integrated management of the issue nationwide. This comparative
approach adds distinctive value to the study, broadening understanding of Brazil’s normative
diversity and providing practical insights for formulating more consistent public policies that align
HCW management with local specificities while maintaining coherence with national policy.

Finally, as limitations, it should be noted that during the research, challenges arose in locating
regulations on the official websites of states and capitals. Most regulations were only available on
third-party legal databases such as LegisWeb [72], which provides updated normative content at
federal, state, and municipal levels, but not necessarily on official government portals.
Consequently, it was not possible to confirm with states and municipalities whether the
regulations remain in force or whether the texts retrieved represent the most current versions.
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Thus, the possibility of additional specific legislation not identified due to methodological
limitations cannot be ruled out.

4.1 Comparative International Overview

In Germany, waste management, including HCW, is highly structured. The country follows the
Abfallverzeichnis-Verordnung (AVV), a regulation that incorporates into national law the European
Union’s Decision 2000/532/EC, which established the European Waste Catalog (EWC) and defined
waste classifications to ensure standardization, traceability, control, and management [73]. The
six-digit coding system used is similar to the waste coding system established by ANVISA and
CONAMA in Brazil. German environmental culture is powerfully shaped by legislation, such as the
Packaging Ordinance (1991), which created the “Green Dot” (Griiner Punkt) system, a pioneering
model of extended producer responsibility that reshaped citizen and corporate behavior [74], and
the Circular Economy Act (1996), which institutionalized shared responsibility between citizens
and companies, prioritizing prevention, reuse, recycling, and final disposal (as a last resort) [75].
This legal and cultural foundation has resulted in disciplined and efficient waste management,
including HCW, further reinforced by complementary guidelines such as the Vollzugshilfe zur
Entsorgung von Abféllen aus Einrichtungen des Gesundheitsdienstes (LAGA M18), which explicitly
guides healthcare waste management [76], and the Technische Regeln fiir Biologische
Arbeitsstoffe 250 (TRBA 250), which establishes biosafety measures to protect workers against
biological agents [77].

In India, although a consolidated legal framework exists, based on the Bio-Medical Waste
Management Rules, 2016, updated in 2025 to strengthen monitoring of treatment facilities, the
effectiveness of HCW management remains limited [78]. Implementation challenges, insufficient
enforcement, inadequate infrastructure, and lack of training compromise adherence to
regulations [79]. Additionally, cultural factors, such as traditional disposal habits, underestimated
perception of biological risk, and institutional hierarchies, hinder proper segregation and
treatment of waste [13, 80], despite the existence of color-coding systems and specific treatment
methods.

In Brazil, HCW management is primarily regulated by ANVISA RDC No. 222/2018 and CONAMA
Resolution No. 358/2005, complemented by some state and municipal regulations. Similar to India,
effectiveness depends on enforcement, infrastructure, and professional training [79]. Although
detailed classification and traceability systems exist, environmental awareness is still developing in
many regions, impacting practices related to segregation, treatment, and final disposal [81, 82].
Thus, while Germany combines stringent legislation with a consolidated culture to achieve
efficiency, both India and Brazil possess robust legal frameworks but face institutional and cultural
challenges that limit the full effectiveness of HCW management [76, 83].

5. Conclusions

The analysis showed that there are advantages to having specific state and/or municipal
legislation for HCW, provided it is developed to address potential gaps in federal regulations, such
as CONAMA Resolution No. 358/2005 and ANVISA RDC No. 222/2018, and is aligned with local
realities. Of the 33 rules found, only six did not present points for highlighting in relation to federal
laws, reinforcing the importance of local regulation as a means to improve HCW management.
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Regulations that establish their own oversight bodies and clear penalties tend to promote more
effective control over HCW management. In addition, the implementation of HCWMPs adapted to
small generators is seen as positive, as it may facilitate adherence and broaden the reach of waste
management policies, favoring more complete mapping of the regional situation. Another
noteworthy point is the existence of regulations focused on HCW generated by home care services,
an aspect not yet addressed by federal laws. This initiative represents a significant advance,
primarily as it promotes the circular economy of waste, particularly regarding medications, and is
an essential step toward eventually encompassing other types of HCW.

Another relevant point is that, although eight Brazilian states still lack specific legislation for
HCWs, five of their capitals have already implemented their own regulations. Given this reality,
the following question arises: could municipal regulation encourage states to develop their own
guidelines on the subject?

Finally, the research demonstrates that well-formulated local legislation can yield concrete
gains for HCW management by taking local needs into account. However, these initiatives must
remain aligned with federal regulations to contribute to a more integrated and efficient system.

Socioeconomic, political, and institutional factors can partially explain the variations identified
between state and municipal legislation. Localities with greater financial and administrative
capacity tend to develop more detailed regulations, as they have the technical structure and
resources for oversight. In addition, local political pressures, such as the action of more engaged
environmental agencies or health sector stakeholders, influence the development of regulations.
In regions with strong social mobilization or a history of environmental problems related to HCW,
there is a greater tendency to adopt restrictive rules. On the other hand, in states with lower
institutional capacity or greater dependence on federal guidelines, legislation tends to be more
generic, reproducing guidelines already set out in national resolutions. These differences reflect
the Brazilian context, where normative autonomy coexists with structural inequalities among
federative units.

Thus, it becomes essential that state and municipal legislators understand local realities and
identify the gaps to be addressed, transforming them into opportunities for improvement. It is
recommended to adopt HCW generation indicators included in the version before ANVISA RDC No.
222/2018, as mentioned earlier, to enable quantitative analyses that support better public policies
adjusted to the real scenario. In addition, it is suggested to: establish HCWMPs focused on small
generators, ensuring them simplified management tools; implement reverse logistics focused on
medications and home care waste, serving as a starting point for the inclusion of other HCW when
possible; strengthen local oversight, establishing proportional sanctions aimed at discouraging
improper practices; encourage the adoption of less polluting HCW treatment technologies, while
aligned with international recommendations; and promote environmental education campaigns
and continuous training for health professionals and the population. These measures can make
local regulations more effective, contributing to an integrated, sustainable, and efficient HCW
management system.

Moreover, future research on HCW management should emphasize the critical role of digital
technologies. Integrated platforms that use big data, fuzzy information systems, and artificial
intelligence can improve monitoring, optimize decision-making, and support coordination among
multiple stakeholders. Similar to recent advances in the assessment of clean energy systems,
which have adopted Pythagorean fuzzy approaches for stakeholder coordination [84], and in
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partner selection for rural energy internet projects using fuzzy AHP [85], these studies, while
focused on energy systems, illustrate the potential of fuzzy-based digital tools for multi-
stakeholder coordination, which could be adapted to HCW management. The incorporation of
such digital tools into the regulatory and operational context of HCW management can promote
more adaptable, transparent, and efficient systems.

5.1 Managerial Implications

The findings suggest that state and municipal legislators should not only identify gaps in federal
regulation but also transform them into opportunities for improvement. Practical measures
include adopting indicators for healthcare waste generation to support evidence-based
policymaking, implementing simplified HCWM plans for small generators, strengthening local
enforcement with proportional sanctions, and promoting environmentally safer treatment
technologies aligned with international recommendations. These strategies can enhance the
effectiveness of regional regulations and foster a more integrated management system.

5.2 Practical and Social Implications

Beyond regulatory adjustments, the study highlights direct benefits for healthcare professionals
and the population. Initiatives such as reverse logistics for medicines and home-care waste,
environmental education campaigns, and continuous training programs contribute to safer
handling practices, reduced infection risks, and increased public awareness. By aligning local
regulations with social realities, these actions can promote greater community engagement,
advance circular economy practices, and strengthen public health protection.

Acknowledgments

We are grateful to the National Council for Scientific and Technological Development (CNPq)
and the Minas Gerais State Research Support Foundation (FAPEMIG) for the essential funding that
made this work possible. Also, we are grateful to “GT Regulacao dos RSS e RCC - CREA-MG”.

Author Contributions

Isadora Muller de Oliveira and Leticia Caroline de Oliveira Vital were responsible for the
methodology, data collection, formal analysis, and writing — original draft. Marcos Paulo Gomes
Mol contributed to conceptualization and writing — review and editing, as well as supervision.
Izabela de Siqueira Reis Regueira contributed to text validation and writing — review and editing.

Funding

This study was founded by the Minas Gerais State Agency for Research and Development
FAPEMIG and National Council for Scientific and Technological Development CNPq.

Competing Interests

The authors have declared that no competing interests exist.

Page 20/29



Adv Environ Eng Res 2025; 6(4), d0i:10.21926/aeer.2504031
Al-Assisted Technologies Statement

During the writing process of this article, the authors used artificial intelligence-assisted tools,
specifically ChatGPT (OpenAl) and Gemini (Google), solely to enhance the readability and linguistic
clarity of the manuscript. These tools were not employed to generate original ideas or to analyze
data or results. All intellectual content and scientific contributions are the sole responsibility of the
authors, in accordance with the research and publication ethics guidelines established by LIDSEN.

Additional Materials

The following additional materials are uploaded at the page of this paper.

1. Table S1: States.
2. Table S2: Capitals.

References

1. Agéncia Nacional de Vigilancia Sanitaria (ANVISA). Resolucdo da Diretoria Colegiada — RDC n°
222, de 28 de marco de 2018 [Internet]. Didrio Oficial da Unido; 2018. Available from:
https://bvsms.saude.gov.br/bvs/saudelegis/anvisa/2018/rdc0222 28 03 2018.pdf.

2. World Health Organization. Global analysis of health care waste in the context of COVID 19:
Status, impacts and recommendations [Internet]. Geneva: WHO; 2022 [cited date 2025 June
10]. Available from:
https://iris.who.int/bitstream/handle/10665/351189/9789240039612-eng.pdf?sequence-=.

3. ABRELPE. Panorama of solid waste in Brazil: 2021 [Internet]. S3o Paulo: ABRELPE; 2021 [cited
date 2025 June 12]. Available from: https://abespb.com.br/wp-
content/uploads/2023/12/Panorama-2021-ABRELPE.pdf.

4. Associacdo Brasileira de Recuperacdo Energética de Residuos (ABREMA). Panorama dos
residuos solidos no Brasil: 2024 [Internet]. ABREMA; 2024 [cited date 2025 June 12]. Available
from: https://www.abrema.org.br/panorama/.

5. Souza EL. Contaminacdo ambiental pelos residuos de servicos de saude (in Portuguese)
[Internet]. Faculdades Integradas Fafibe; 2010 [cited date 2025 June 12]. Available from:
https://www.unifafibe.com.br/revistasonline/arquivos/revistafafibeonline/sumario/10/19042
010093412.pdf.

6. Junior HMC, Roner MNB. Challenges and solutions for health services management:
Environmental impacts and mitigating measures. Revista Livre de Sustentabilidade e
Empreendedorismo. 2024; 9: 147-173.

7. Kirchherr J, Reike D, Hekkert M. Conceptualizing the circular economy: An analysis of 114
definitions. Resour Conserv Recycl. 2017; 127: 221-232.

8. Figueiredo GS, Deus RJ, Figueiredo RC, Deus S. Health services waste (RSS) and its
environmental impacts: Challenges for management and management in Brazil. Braz J Dev.
2020; 6: 71162-71179.

9. Alves AK, DE Araujo AA, Ribeiro IA, Neta MA, Lages MG, Ribeiro RO. Management of
Healthcare Waste: Mitigation of sanitary and environmental impacts (in Portuguese). Rev

Page 21/29


https://bvsms.saude.gov.br/bvs/saudelegis/anvisa/2018/rdc0222_28_03_2018.pdf
https://iris.who.int/bitstream/handle/10665/351189/9789240039612-eng.pdf?sequence=
https://abespb.com.br/wp-content/uploads/2023/12/Panorama-2021-ABRELPE.pdf
https://abespb.com.br/wp-content/uploads/2023/12/Panorama-2021-ABRELPE.pdf
https://www.abrema.org.br/panorama/
https://www.unifafibe.com.br/revistasonline/arquivos/revistafafibeonline/sumario/10/19042010093412.pdf
https://www.unifafibe.com.br/revistasonline/arquivos/revistafafibeonline/sumario/10/19042010093412.pdf

Adv Environ Eng Res 2025; 6(4), d0i:10.21926/aeer.2504031

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Uninga. 2016; 25: 66-72. Available from:
https://revista.uninga.br/uningareviews/article/view/1757.

Brasil. Ministério do Meio Ambiente. CONAMA Resolutions: Current resolutions published
between September 1984 and January 2012 [Internet]. Ministério do Meio Ambiente; 2012
[cited date 2025 May 15]. Available from:
https://conama.mma.gov.br/images/conteudo/LivroConama.pdf.

Brasil. Agéncia Nacional de Vigilancia Sanitaria (ANVISA). Collegiate Board Resolution — RDC
No. 306, of December 7, 2004: Provides for the technical regulation for the management of
healthcare waste [Internet]. Diario Oficial da Unido, Brasilia; 2004 [cited date 2025 May 15].
Available from:
https://anvisalegis.datalegis.net/action/ActionDatalegis.php?acao=abrirTextoAto&cod menu
=9882&cod modulo=310&link=S&numeroAto=00000306&0rgao=RDC%2FDC%2FANVISA%2F
MS&seqgAto=000&tipo=RDC&valorAno=2004.

Portugal AC, Moraes LRS. Legal aspects of healthcare waste (HCW) management: Comparative
study between ANVISA RDC no. 222/2018 and RDC no. 306/2004 (in Portuguese). Electron J
Environ Manag Technol. 2020; 8: 101-117. doi: 10.9771/gesta.v8i1.34517.

World Health Organization. Safe management of wastes from health-care activities. 2nd ed.
Geneva: World Health Organization; 2014.

Alharbi NS, Alhaji JH, Qattan MY. Toward sustainable environmental management of
healthcare waste: A holistic perspective. Sustainability. 2021; 13: 5280.

Camargo BV, Justo AM. IRAMUTEQ: Um software gratuito para analise de dados textuais.
Temas Psicol. 2013; 21: 513-518.

WordClouds.com. WordClouds: Create word clouds [Internet]. WordClouds.com; [cited date
2025 May 23]. Available from: https://www.wordclouds.com/.

ACRE. Assembleia Legislativa. Ordinary Law no. 1,401, August 20, 2001: Provides for the
Healthcare Waste Management System — SGRSS and other provisions [Internet]. Rio Branco,
AC: Diario Oficial do Estado do Acre; 2001 [cited date 2025 June 18]. Available from:
https://www.legis.ac.gov.br/detalhar/1818.

AMAPA. Secretario do Estado do Meio Ambiente. Normative Instruction SEMA no. 6, April 24,
2008: Provides for the elaboration and presentation of the Healthcare Waste Management
Plan (PGRSS) [Internet]. Amap4d, AP: Diario Oficial do Estado do Amapa; 2008 [cited date 2025
June 18]. Available from: https://www.legisweb.com.br/legislacao/?id=119101.

AMAPA. Governador do Estado do Amapa. Law no. 2,505, August 10, 2020: Establishes the
Solidarity Pharmacy Program aimed at awareness, donation, reuse, distribution to the
population, and final disposal of medications within the State of Amapd and other provisions
[Internet]. Amapa, AP: Didrio Oficial do Estado do Amapa; 2020 [cited date 2025 June 18].
Available from: https://leisestaduais.com.br/ap/lei-ordinaria-n-2505-2020-amapa-institui-o-
programa-farmacia-solidaria-que-visa-conscientizacao-doacao-reaproveitamento-e-
distribuicao-para-a-populacao-e-destinacao-final-dos-medicamentos-no-ambito-do-estado-
do-amapa-e-da-outras-providencias.

AMAZONAS. Governador do Estado. Law no. 7,244, December 18, 2024: Provides for the
environmentally adequate disposal of hospital waste and contaminated materials [Internet].
Manaus, AM: Diario Oficial do Estado (DOE); 2024 [cited date 2025 June 18]. Available from:
https://legisla.imprensaoficial.am.gov.br/diario am/12/2024/12/14712.

Page 22/29


https://revista.uninga.br/uningareviews/article/view/1757
https://conama.mma.gov.br/images/conteudo/LivroConama.pdf
https://anvisalegis.datalegis.net/action/ActionDatalegis.php?acao=abrirTextoAto&cod_menu=9882&cod_modulo=310&link=S&numeroAto=00000306&orgao=RDC%2FDC%2FANVISA%2FMS&seqAto=000&tipo=RDC&valorAno=2004
https://anvisalegis.datalegis.net/action/ActionDatalegis.php?acao=abrirTextoAto&cod_menu=9882&cod_modulo=310&link=S&numeroAto=00000306&orgao=RDC%2FDC%2FANVISA%2FMS&seqAto=000&tipo=RDC&valorAno=2004
https://anvisalegis.datalegis.net/action/ActionDatalegis.php?acao=abrirTextoAto&cod_menu=9882&cod_modulo=310&link=S&numeroAto=00000306&orgao=RDC%2FDC%2FANVISA%2FMS&seqAto=000&tipo=RDC&valorAno=2004
https://www.wordclouds.com/
https://www.legis.ac.gov.br/detalhar/1818
https://www.legisweb.com.br/legislacao/?id=119101
https://leisestaduais.com.br/ap/lei-ordinaria-n-2505-2020-amapa-institui-o-programa-farmacia-solidaria-que-visa-conscientizacao-doacao-reaproveitamento-e-distribuicao-para-a-populacao-e-destinacao-final-dos-medicamentos-no-ambito-do-estado-do-amapa-e-da-outras-providencias
https://leisestaduais.com.br/ap/lei-ordinaria-n-2505-2020-amapa-institui-o-programa-farmacia-solidaria-que-visa-conscientizacao-doacao-reaproveitamento-e-distribuicao-para-a-populacao-e-destinacao-final-dos-medicamentos-no-ambito-do-estado-do-amapa-e-da-outras-providencias
https://leisestaduais.com.br/ap/lei-ordinaria-n-2505-2020-amapa-institui-o-programa-farmacia-solidaria-que-visa-conscientizacao-doacao-reaproveitamento-e-distribuicao-para-a-populacao-e-destinacao-final-dos-medicamentos-no-ambito-do-estado-do-amapa-e-da-outras-providencias
https://leisestaduais.com.br/ap/lei-ordinaria-n-2505-2020-amapa-institui-o-programa-farmacia-solidaria-que-visa-conscientizacao-doacao-reaproveitamento-e-distribuicao-para-a-populacao-e-destinacao-final-dos-medicamentos-no-ambito-do-estado-do-amapa-e-da-outras-providencias
https://legisla.imprensaoficial.am.gov.br/diario_am/12/2024/12/14712

Adv Environ Eng Res 2025; 6(4), d0i:10.21926/aeer.2504031

21.

22.

23.

24.

25.

26.

27.

28.

ESPIRITO SANTO. Governador do Estado. Decree no. 5851-R, October 10, 2024: Establishes
guidelines for the structuring, implementation, and operation of Reverse Logistics Systems for
home-use medications, expired or unused, industrialized and compounded, and their
packaging, in the State of Espirito Santo and other provisions [Internet]. Vitéria, ES: Diario
Oficial do Estado do Espirito Santo; 2024 [cited date 2025 June 18]. Available from:
https://www.legisweb.com.br/legislacao/?id=466208.

ESPIRITO SANTO. Governador do Estado. Law no. 6407, December 29, 2000: Establishes the
state policy on solid waste and other provisions [Internet]. Vitéria, ES: Diario Oficial do Estado
do Espirito Santo; 2000 [cited date 2025 June 18]. Available from:
https://www.legisweb.com.br/legislacao/?id=141870.

MATO GROSSO. Secretaria de Estado de Saude. Normative Instruction no. 001/2023/GBSES,
October 25, 2023: Establishes guidelines and responsibilities related to healthcare waste
management in the state of Mato Grosso [Internet]. Cuiabd, MT: Secretaria de Estado de
Saude; 2023 [cited date 2025 June 18]. Available from:
https://www.saude.mt.gov.br/storage/old/files/001-[30462-261023-SES-MT].pdf.

MATO GROSSO DO SUL. Governador do Estado (1995-1998: Wilson Barbosa Martins). Law no.
1,807, December 17, 1997: Makes incineration of hospital waste mandatory and provides
other provisions [Internet]. Campo Grande, MS: Diario Oficial n® 4.678; 1997 [cited date 2025
June 18]. Available from:
https://aacpdappls.net.ms.gov.br/appls/legislacao/secoge/govato.nsf/448b683bcedca847042
56c0b00651e9d/81d6dabe86ea659604256c0000580c5d?OpenDocument.

MATO GROSSO DO SUL. Assembleia Legislativa. Law no. 4,474, March 6, 2014: Provides for
the obligation of pharmacies and drugstores to keep containers for collection of expired or
damaged medicines and related products [Internet]. Campo Grande, MS: Diario Oficial do
Estado de Mato Grosso do Sul; 2014 [cited date 2025 June 18]. Available from:
https://www.legisweb.com.br/legislacao/?id=267744.

MINAS GERAIS. Conselho Estadual de Politica Ambiental (COPAM). COPAM Normative
Deliberation no. 171, December 22, 2011: Provides for the environmental licensing of
enterprises and activities for treatment and final disposal of urban solid waste [Internet]. Belo
Horizonte, MG: Didrio do Executivo — “Minas Gerais”; 2011 [cited date 2025 June 18].
Available from: https://www.siam.mg.gov.br/sla/download.pdf?idNorma=20095.

PARA. Assembleia Legislativa. Ordinary Law no. 6,517, December 16, 2002: Provides for
responsibility for packaging, collection, and treatment of Healthcare Waste in the State of
Para, and other provisions [Internet]. Belém, PA: Diario Oficial do Estado; 2002 [cited date
2025 June 18]. Available from:
https://www.semas.pa.gov.br/legislacao/normas/view/502#:~:text=Disp%C3%B5e%20sobre%
20a%20responsabilidade%20por,Par%C3%A1%2C%20e%20d%C3%A1%200utras%20prov%C3
%AAnNcias.

PARANA. Secretaria de Estado do Meio Ambiente e dos Recursos Hidricos; Secretaria de
Estado da Saude. Joint Resolution SEMA/SESA no. 002/2005, May 31, 2005: Establishes,
among other provisions, guidelines for the preparation of Healthcare Waste Management
Plan for generators above 30 liters per week, including establishments that generate
chemotherapeutic and radioactive waste [Internet]. Curitiba, PR: PARANA; 2005 [cited date

Page 23/29


https://www.legisweb.com.br/legislacao/?id=466208
https://www.legisweb.com.br/legislacao/?id=141870
https://www.saude.mt.gov.br/storage/old/files/001-%5b30462-261023-SES-MT%5d.pdf
https://aacpdappls.net.ms.gov.br/appls/legislacao/secoge/govato.nsf/448b683bce4ca84704256c0b00651e9d/81d6da6e86ea659604256c0000580c5d?OpenDocument
https://aacpdappls.net.ms.gov.br/appls/legislacao/secoge/govato.nsf/448b683bce4ca84704256c0b00651e9d/81d6da6e86ea659604256c0000580c5d?OpenDocument
https://www.legisweb.com.br/legislacao/?id=267744
https://www.siam.mg.gov.br/sla/download.pdf?idNorma=20095
https://www.semas.pa.gov.br/legislacao/normas/view/502#:~:text=Disp%C3%B5e%20sobre%20a%20responsabilidade%20por,Par%C3%A1%2C%20e%20d%C3%A1%20outras%20prov%C3%AAncias
https://www.semas.pa.gov.br/legislacao/normas/view/502#:~:text=Disp%C3%B5e%20sobre%20a%20responsabilidade%20por,Par%C3%A1%2C%20e%20d%C3%A1%20outras%20prov%C3%AAncias
https://www.semas.pa.gov.br/legislacao/normas/view/502#:~:text=Disp%C3%B5e%20sobre%20a%20responsabilidade%20por,Par%C3%A1%2C%20e%20d%C3%A1%20outras%20prov%C3%AAncias

Adv Environ Eng Res 2025; 6(4), d0i:10.21926/aeer.2504031

29.

30.

31.

32.

33.

34.

35.

2025 June 18]. Available from: https://www.saude.pr.gov.br/Pagina/Lesgilacao-Sanitaria-de-
Servicos.

PARANA. Assembleia Legislativa. Law no. 16,322, December 22, 2009: Provides that
pharmaceutical industries, drug distribution companies, pharmacies, drugstores are
responsible for the proper final disposal of expired or unusable products [Internet]. Curitiba,
PR: Diario Oficial do Estado; 2009 [cited 2025 June 18]. Available from:
https://leisestaduais.com.br/pr/lei-ordinaria-n-16322-2009-parana-dispoe-que-e-de-
responsabilidade-das-industrias-farmaceuticas-das-empresas-de-distribuicao-de-
medicamentos-e-das-farmacias-drogarias-e-drugstores-darem-destinacao-final-e-adequada-
aos-produtos-que-estejam-com-prazos-de-validade-vencidos-ou-fora-de-condicoes-de-uso.
RIO DE JANEIRO (Estado). Governador do Estado do Rio de Janeiro. Law no. 6,635, December
18, 2013: Provides for the management and final disposal of healthcare solid waste — HSW, in
the State of Rio de Janeiro and other provisions [Internet]. Rio de Janeiro, RJ: Didrio Oficial do
Estado do Rio de Janeiro; 2013 [cited date 2025 June 18]. Available from:
http://alerjlnl.alerj.rj.gov.br/contlei.nsf/c8aa0900025feef6032564ec0060dfff/722ccdd4891af
73383257c460052ef38?0penDocument&ExpandSection=-2# Sectionl.

RIO GRANDE DO SUL. Assembleia Legislativa. Law no. 10,099, January 7, 1994: Provides for
solid waste from healthcare services and other provisions [Internet]. Porto Alegre, RS: Diario
Oficial do Estado; 1994 [cited date 2025 June 18]. Available from:
https://leisestaduais.com.br/rs/lei-ordinaria-n-10099-1994-rio-grande-do-sul-dispoe-sobre-
os-residuos-solidos-provenientes-de-servicos-de-saude-e-da-outras-providencias.

RONDONIA. Assembleia Legislativa. Law no. 592, May 20, 1994: Provides for solid waste from
healthcare services and other provisions [Internet]. Porto Velho, RO: Didrio Oficial do Estado;
1994 [cited date 2025 June 18]. Available from: https://leisestaduais.com.br/ro/lei-ordinaria-
n-592-1994-rondonia-dispoe-sobre-os-residuos-solidos-provenientes-de-servicos-de-saude-e-
da-outras-providencias.

SANTA CATARINA. Divisdo de Vigilancia Sanitdaria; Conselho Estadual do Meio Ambiente. Joint
Resolution DIVS/CONSEMA no. 2, March 8, 2019: Establishes the requirements for the
preparation and presentation of the Healthcare Waste Management Plan (PGRSS) and its
complementary documents [Internet]. Floriandpolis, SC: Didrio Oficial do Estado de Santa
Catarina; 2019 [cited date 2025 June 18]. Available from:
https://www.legisweb.com.br/legislacao/?id=376872.

SAO PAULO (Estado). Centro de Vigilancia Sanitaria. Ordinance CVS no. 21, September 10,
2008: Provides for the management of healthcare waste [Internet]. Sdo Paulo, SP: Didrio
Oficial do Estado de S3o Paulo; 2008 [cited date 2025 June 18]. Available from:
https://drive.prefeitura.sp.gov.br/cidade/secretarias/upload/arquivos/secretarias/saude/legis
lacao/0001/PortariaCVS 2008 00021.pdf.

SERGIPE. Governador do Estado (2014-2018: Jackson Barreto de Lima). Law no. 7,913,
November 3, 2014: Provides for the responsibility of pharmaceutical industry, drug
distribution companies, pharmacies and drugstores to give final and proper disposal to
products expired or unusable [Internet]. Aracaju, SE: Didrio Oficial do Estado de Sergipe; 2014
[cited date 2025 June 18]. Available from:
https://aleselegis.al.se.leg.br/Arquivo/Documents/legislacao/html/L79132014.html.

Page 24/29


https://www.saude.pr.gov.br/Pagina/Lesgilacao-Sanitaria-de-Servicos
https://www.saude.pr.gov.br/Pagina/Lesgilacao-Sanitaria-de-Servicos
https://leisestaduais.com.br/pr/lei-ordinaria-n-16322-2009-parana-dispoe-que-e-de-responsabilidade-das-industrias-farmaceuticas-das-empresas-de-distribuicao-de-medicamentos-e-das-farmacias-drogarias-e-drugstores-darem-destinacao-final-e-adequada-aos-produtos-que-estejam-com-prazos-de-validade-vencidos-ou-fora-de-condicoes-de-uso
https://leisestaduais.com.br/pr/lei-ordinaria-n-16322-2009-parana-dispoe-que-e-de-responsabilidade-das-industrias-farmaceuticas-das-empresas-de-distribuicao-de-medicamentos-e-das-farmacias-drogarias-e-drugstores-darem-destinacao-final-e-adequada-aos-produtos-que-estejam-com-prazos-de-validade-vencidos-ou-fora-de-condicoes-de-uso
https://leisestaduais.com.br/pr/lei-ordinaria-n-16322-2009-parana-dispoe-que-e-de-responsabilidade-das-industrias-farmaceuticas-das-empresas-de-distribuicao-de-medicamentos-e-das-farmacias-drogarias-e-drugstores-darem-destinacao-final-e-adequada-aos-produtos-que-estejam-com-prazos-de-validade-vencidos-ou-fora-de-condicoes-de-uso
https://leisestaduais.com.br/pr/lei-ordinaria-n-16322-2009-parana-dispoe-que-e-de-responsabilidade-das-industrias-farmaceuticas-das-empresas-de-distribuicao-de-medicamentos-e-das-farmacias-drogarias-e-drugstores-darem-destinacao-final-e-adequada-aos-produtos-que-estejam-com-prazos-de-validade-vencidos-ou-fora-de-condicoes-de-uso
http://alerjln1.alerj.rj.gov.br/contlei.nsf/c8aa0900025feef6032564ec0060dfff/722ccdd4891af73383257c460052ef38?OpenDocument&ExpandSection=-2#_Section1
http://alerjln1.alerj.rj.gov.br/contlei.nsf/c8aa0900025feef6032564ec0060dfff/722ccdd4891af73383257c460052ef38?OpenDocument&ExpandSection=-2#_Section1
https://leisestaduais.com.br/rs/lei-ordinaria-n-10099-1994-rio-grande-do-sul-dispoe-sobre-os-residuos-solidos-provenientes-de-servicos-de-saude-e-da-outras-providencias
https://leisestaduais.com.br/rs/lei-ordinaria-n-10099-1994-rio-grande-do-sul-dispoe-sobre-os-residuos-solidos-provenientes-de-servicos-de-saude-e-da-outras-providencias
https://leisestaduais.com.br/ro/lei-ordinaria-n-592-1994-rondonia-dispoe-sobre-os-residuos-solidos-provenientes-de-servicos-de-saude-e-da-outras-providencias
https://leisestaduais.com.br/ro/lei-ordinaria-n-592-1994-rondonia-dispoe-sobre-os-residuos-solidos-provenientes-de-servicos-de-saude-e-da-outras-providencias
https://leisestaduais.com.br/ro/lei-ordinaria-n-592-1994-rondonia-dispoe-sobre-os-residuos-solidos-provenientes-de-servicos-de-saude-e-da-outras-providencias
https://www.legisweb.com.br/legislacao/?id=376872
https://drive.prefeitura.sp.gov.br/cidade/secretarias/upload/arquivos/secretarias/saude/legislacao/0001/PortariaCVS_2008_00021.pdf
https://drive.prefeitura.sp.gov.br/cidade/secretarias/upload/arquivos/secretarias/saude/legislacao/0001/PortariaCVS_2008_00021.pdf
https://aleselegis.al.se.leg.br/Arquivo/Documents/legislacao/html/L79132014.html

Adv Environ Eng Res 2025; 6(4), d0i:10.21926/aeer.2504031

36.

37.

38.

39.

40.

41.

42.

TOCANTINS. Secretaria de Estado da Saude. Ordinance no. 94/2025/GASEC, February 24, 2025:
Provides procedures for Healthcare Waste Management of generating units within the State
Health Department [Internet]. Palmas, TO: Didrio Oficial do Estado; 2025 [cited date 2025
June 18]. Available from: https://drive.google.com/file/d/1m36bzX|-W5GVmdK7--
ZgbWgOD4MTfUm3/view.

RIO BRANCO (AC). Prefeito (2013-2018: Marcus Alexandre). Law no. 2,107, March 20, 2015:
Provides for the management of healthcare solid waste and other provisions [Internet]. Rio
Branco, AC: Didrio Oficial do Municipio; 2015 [cited date 2025 June 18]. Available from:
https://www.legisweb.com.br/legislacao/?id=282798.

SALVADOR (BA). Prefeito. Decree no. 16,592, September 13, 2006: Establishes deadline for
healthcare waste generators to comply with ANVISA Resolution no. 306, December 7, 2004,
and CONAMA Resolution no. 358, April 29, 2005, and other provisions [Internet]. Salvador, BA:
Didrio Oficial do Municipio; 2006 [cited date 2025 June 18]. Available from:
https://leismunicipais.com.br/a/ba/s/salvador/decreto/2006/1659/16592/decreto-n-16592-
2006-estipula-prazo-para-os-geradores-de-residuos-de-servicos-de-saude-se-adequem-ao-
guanto-disposto-nas-resolucoes-anvisa-n-306-de-07-de-dezembro-de-2004-e-conama-n-358-
de-29-d-abril-de-2005.

GOIANIA (GO). Prefeito (2013-2016: Paulo Garcia). Law no. 9,522, December 29, 2014:
Provides for collection and management of healthcare solid waste in the Municipality of
Goiania, and other provisions [Internet]. Goidnia, GO: Didrio Oficial do Municipio; 2014 [cited
date 2025 June 18]. Available from:

https://www.goiania.go.gov.br/html/gabinete civil/sileg/dados/legis/2014/lo 20141229 000
009522.html.

BELO HORIZONTE (MG). Prefeitura. Decree no. 10,296, July 13, 2000: Approves the Basic
Guidelines and Technical Regulation for the presentation and approval of the Healthcare
Waste Management Plan in the Municipality of Belo Horizonte [Internet]. Belo Horizonte, MG:
Prefeitura; 2000 [cited date 2025 June 18]. Available from:
http://www.pbh.gov.br/smsa/biblioteca/gevis/dec_10296.pdf.

BELO HORIZONTE (MG). Prefeito. Decree no. 16,509, November 29, 2016: Regulates article 46
of Law no. 10,534, December 20, 2012, regarding the preparation, presentation, approval,
and implementation of the Healthcare Waste Management Plan — PGRSS — in the Municipality
of Belo Horizonte [Internet]. Belo Horizonte, MG: Diario Oficial do Municipio; 2016 [cited date
2025 June 18]. Available from: https://leismunicipais.com.br/a/mg/b/belo-
horizonte/decreto/2016/1651/16509/decreto-n-16509-2016-regulamenta-o-art-46-da-lei-n-
10534-2012-no-tocante-a-elaboracao-apresentacao-aprovacao-e-implantacao-do-plano-de-

gerenciamento-de-residuos-de-servicos-de-saude-pgrss-no-municipio-de-belo-horizonte.
JOAO PESSOA (PB). Prefeito. Ordinary Law no. 12,735, September 16, 2013: Provides for the
obligation of characterization and segregation of Healthcare Waste, known as Hospital Waste,
within the Municipality of Jodo Pessoa and other provisions [Internet]. Jodo Pessoa, PB: Diario
Oficial do Municipio; 2013 [cited date 2025 June 18]. Available from:
https://leismunicipais.com.br/a/pb/j/ioao-pessoa/lei-ordinaria/2013/1274/12735/lei-
ordinaria-n-12735-2013-dispoe-sobre-a-obrigatoriedade-da-caracterizacao-e-segregacao-dos-
residuos-dos-servicos-de-saude-conhecidos-como-lixo-hospitalar-no-ambito-do-municipio-de-
joao-pessoa-e-da-outras-providencias.

Page 25/29


https://drive.google.com/file/d/1m36bzXl-W5GVmdK7--ZqbWqOD4MTfUm3/view
https://drive.google.com/file/d/1m36bzXl-W5GVmdK7--ZqbWqOD4MTfUm3/view
https://www.legisweb.com.br/legislacao/?id=282798
https://leismunicipais.com.br/a/ba/s/salvador/decreto/2006/1659/16592/decreto-n-16592-2006-estipula-prazo-para-os-geradores-de-residuos-de-servicos-de-saude-se-adequem-ao-quanto-disposto-nas-resolucoes-anvisa-n-306-de-07-de-dezembro-de-2004-e-conama-n-358-de-29-d-abril-de-2005
https://leismunicipais.com.br/a/ba/s/salvador/decreto/2006/1659/16592/decreto-n-16592-2006-estipula-prazo-para-os-geradores-de-residuos-de-servicos-de-saude-se-adequem-ao-quanto-disposto-nas-resolucoes-anvisa-n-306-de-07-de-dezembro-de-2004-e-conama-n-358-de-29-d-abril-de-2005
https://leismunicipais.com.br/a/ba/s/salvador/decreto/2006/1659/16592/decreto-n-16592-2006-estipula-prazo-para-os-geradores-de-residuos-de-servicos-de-saude-se-adequem-ao-quanto-disposto-nas-resolucoes-anvisa-n-306-de-07-de-dezembro-de-2004-e-conama-n-358-de-29-d-abril-de-2005
https://leismunicipais.com.br/a/ba/s/salvador/decreto/2006/1659/16592/decreto-n-16592-2006-estipula-prazo-para-os-geradores-de-residuos-de-servicos-de-saude-se-adequem-ao-quanto-disposto-nas-resolucoes-anvisa-n-306-de-07-de-dezembro-de-2004-e-conama-n-358-de-29-d-abril-de-2005
https://www.goiania.go.gov.br/html/gabinete_civil/sileg/dados/legis/2014/lo_20141229_000009522.html
https://www.goiania.go.gov.br/html/gabinete_civil/sileg/dados/legis/2014/lo_20141229_000009522.html
http://www.pbh.gov.br/smsa/biblioteca/gevis/dec_10296.pdf
https://leismunicipais.com.br/a/mg/b/belo-horizonte/decreto/2016/1651/16509/decreto-n-16509-2016-regulamenta-o-art-46-da-lei-n-10534-2012-no-tocante-a-elaboracao-apresentacao-aprovacao-e-implantacao-do-plano-de-gerenciamento-de-residuos-de-servicos-de-saude-pgrss-no-municipio-de-belo-horizonte
https://leismunicipais.com.br/a/mg/b/belo-horizonte/decreto/2016/1651/16509/decreto-n-16509-2016-regulamenta-o-art-46-da-lei-n-10534-2012-no-tocante-a-elaboracao-apresentacao-aprovacao-e-implantacao-do-plano-de-gerenciamento-de-residuos-de-servicos-de-saude-pgrss-no-municipio-de-belo-horizonte
https://leismunicipais.com.br/a/mg/b/belo-horizonte/decreto/2016/1651/16509/decreto-n-16509-2016-regulamenta-o-art-46-da-lei-n-10534-2012-no-tocante-a-elaboracao-apresentacao-aprovacao-e-implantacao-do-plano-de-gerenciamento-de-residuos-de-servicos-de-saude-pgrss-no-municipio-de-belo-horizonte
https://leismunicipais.com.br/a/mg/b/belo-horizonte/decreto/2016/1651/16509/decreto-n-16509-2016-regulamenta-o-art-46-da-lei-n-10534-2012-no-tocante-a-elaboracao-apresentacao-aprovacao-e-implantacao-do-plano-de-gerenciamento-de-residuos-de-servicos-de-saude-pgrss-no-municipio-de-belo-horizonte
https://leismunicipais.com.br/a/pb/j/joao-pessoa/lei-ordinaria/2013/1274/12735/lei-ordinaria-n-12735-2013-dispoe-sobre-a-obrigatoriedade-da-caracterizacao-e-segregacao-dos-residuos-dos-servicos-de-saude-conhecidos-como-lixo-hospitalar-no-ambito-do-municipio-de-joao-pessoa-e-da-outras-providencias
https://leismunicipais.com.br/a/pb/j/joao-pessoa/lei-ordinaria/2013/1274/12735/lei-ordinaria-n-12735-2013-dispoe-sobre-a-obrigatoriedade-da-caracterizacao-e-segregacao-dos-residuos-dos-servicos-de-saude-conhecidos-como-lixo-hospitalar-no-ambito-do-municipio-de-joao-pessoa-e-da-outras-providencias
https://leismunicipais.com.br/a/pb/j/joao-pessoa/lei-ordinaria/2013/1274/12735/lei-ordinaria-n-12735-2013-dispoe-sobre-a-obrigatoriedade-da-caracterizacao-e-segregacao-dos-residuos-dos-servicos-de-saude-conhecidos-como-lixo-hospitalar-no-ambito-do-municipio-de-joao-pessoa-e-da-outras-providencias
https://leismunicipais.com.br/a/pb/j/joao-pessoa/lei-ordinaria/2013/1274/12735/lei-ordinaria-n-12735-2013-dispoe-sobre-a-obrigatoriedade-da-caracterizacao-e-segregacao-dos-residuos-dos-servicos-de-saude-conhecidos-como-lixo-hospitalar-no-ambito-do-municipio-de-joao-pessoa-e-da-outras-providencias

Adv Environ Eng Res 2025; 6(4), d0i:10.21926/aeer.2504031

43.

44,

45.

46.

47.

48.

49.

50.

RECIFE (PE). Prefeito. Decree no. 18,480, February 21, 2000: Establishes general conditions for
the proper separation, packaging, identification, transportation, treatment, and disposal of
waste generated by healthcare services in the City of Recife [Internet]. Recife, PE: Diario
Oficial da Cidade; 2000 [cited date 2025 June 18]. Available from:
https://www2.cprh.pe.gov.br/2025/02/03/decreto-no-18-480-de-21-de-fevereiro-de-2000/.
TERESINA (PI). Prefeito. Law no. 3,876, June 16, 2009: Authorizes the Municipality of Teresina,
through the Executive Branch, to obtain financing from Banco do Brasil S.A. and other
provisions [Internet]. Teresina, Pl: Didrio Oficial do Municipio; 2009 [cited date 2025 June 18].
Available from: https://dom.pmt.pi.gov.br/admin/upload/DOM1284-1-03072009.pdf.

RIO DE JANEIRO (RJ). Diretor Presidente da Companhia Municipal de Limpeza Urbana.
Ordinance COMLURB no. 7, December 27, 2024: Establishes guidelines and procedures to
register and authorize legal entities to provide collection and removal services of
Extraordinary Solid Waste — RSE, Healthcare Waste — RSS, and Recyclable Waste — RR with
Recovery Potential in the City of Rio de Janeiro [Internet]. Rio de Janeiro, RJ: Diario Oficial do
Municipio; 2024 [cited date 2025 June 18]. Available from:
https://www.legisweb.com.br/legislacao/?id=471369.

NATAL (RN). Prefeito. Decree no. 7,168, April 29, 2003: Establishes rules for the Management
of Healthcare Waste (RSS) [Internet]. Natal, RN: Diario Oficial do Municipio; 2003 [cited date
2025 June 18]. Available from:

https://natal.rn.gov.br/sms/covisa/legislacao/DECRETO N 716803%20GERENCIAMENT0%20
RSSS.pdf.

PORTO VELHO (RO). Prefeito (2001-2004: Carlos Alberto de Azevedo Camurca). Lei
Complementar n° 136, de 27 de dezembro de 2001: dispde sobre a coleta, transporte e
destino dos residuos de servigos de saude — RSS e dd outras providéncias [Supplementary Law
no. 136, December 27, 2001: regulates the collection, transportation, and disposal of
healthcare waste — RSS and other provisions] [Internet]. Porto Velho, RO: Didrio Oficial do
Municipio; 2001 Dec 27 [cited 2025 Jun 18]. Available from:
https://sapl.portovelho.ro.leg.br/ta/798/text.

SAO PAULO (SP). Prefeito (1997-2000: Celso Pitta). Decree no. 37,471, June 5, 1998:
Regulates the criteria for preparing, analyzing, and implementing the Healthcare Waste
Management Plan by facilities generating such waste within the Municipality of Sdo Paulo
[Internet]. Sdo Paulo, SP: Didrio Oficial da Cidade; 1998 [cited date 2025 June 18]. Available
from: https://legislacao.prefeitura.sp.gov.br/leis/decreto-37471-de-5-de-junho-de-1998.
DISTRITO FEDERAL. Vice-Governador. Law no. 4,352, June 30, 2009: Regulates the treatment
and final disposal of healthcare service waste [Internet]. Brasilia, DF: Diario Oficial do Distrito
Federal; 2009 [cited date 2025 June 18]. Available from: https://www.cl.df.gov.br/web/agora-
e-
lei/busca?formDate=1745504446061&redirect=http%3A%2F%2Fwww.cl.df.gov.br%2Fweb %2
Fagora-e-
lei&delta=18&aq=res%C3%ADduos+de+servinC3%A70s+de+sa%C3%BAde&tema=&deputado=
&data-inicio=&dayFrom=0&monthFrom=-1&yearFrom=0&data-fim=&dayTo=0&monthTo=-
1&yearTo=0&numero=&pesquisa-avancada=false#void.

Jang YC, Lee C, Yoon OS, Kim H. Medical waste management in Korea. J Environ Manag. 2006;
80: 107-115.

Page 26/29


https://www2.cprh.pe.gov.br/2025/02/03/decreto-no-18-480-de-21-de-fevereiro-de-2000/
https://dom.pmt.pi.gov.br/admin/upload/DOM1284-1-03072009.pdf
https://www.legisweb.com.br/legislacao/?id=471369
https://natal.rn.gov.br/sms/covisa/legislacao/DECRETO_N_716803%20GERENCIAMENTO%20RSSS.pdf
https://natal.rn.gov.br/sms/covisa/legislacao/DECRETO_N_716803%20GERENCIAMENTO%20RSSS.pdf
https://sapl.portovelho.ro.leg.br/ta/798/text
https://legislacao.prefeitura.sp.gov.br/leis/decreto-37471-de-5-de-junho-de-1998
https://www.cl.df.gov.br/web/agora-e-lei/busca?formDate=1745504446061&redirect=http%3A%2F%2Fwww.cl.df.gov.br%2Fweb%2Fagora-e-lei&delta=18&q=res%C3%ADduos+de+servi%C3%A7os+de+sa%C3%BAde&tema=&deputado=&data-inicio=&dayFrom=0&monthFrom=-1&yearFrom=0&data-fim=&dayTo=0&monthTo=-1&yearTo=0&numero=&pesquisa-avancada=false#void
https://www.cl.df.gov.br/web/agora-e-lei/busca?formDate=1745504446061&redirect=http%3A%2F%2Fwww.cl.df.gov.br%2Fweb%2Fagora-e-lei&delta=18&q=res%C3%ADduos+de+servi%C3%A7os+de+sa%C3%BAde&tema=&deputado=&data-inicio=&dayFrom=0&monthFrom=-1&yearFrom=0&data-fim=&dayTo=0&monthTo=-1&yearTo=0&numero=&pesquisa-avancada=false#void
https://www.cl.df.gov.br/web/agora-e-lei/busca?formDate=1745504446061&redirect=http%3A%2F%2Fwww.cl.df.gov.br%2Fweb%2Fagora-e-lei&delta=18&q=res%C3%ADduos+de+servi%C3%A7os+de+sa%C3%BAde&tema=&deputado=&data-inicio=&dayFrom=0&monthFrom=-1&yearFrom=0&data-fim=&dayTo=0&monthTo=-1&yearTo=0&numero=&pesquisa-avancada=false#void
https://www.cl.df.gov.br/web/agora-e-lei/busca?formDate=1745504446061&redirect=http%3A%2F%2Fwww.cl.df.gov.br%2Fweb%2Fagora-e-lei&delta=18&q=res%C3%ADduos+de+servi%C3%A7os+de+sa%C3%BAde&tema=&deputado=&data-inicio=&dayFrom=0&monthFrom=-1&yearFrom=0&data-fim=&dayTo=0&monthTo=-1&yearTo=0&numero=&pesquisa-avancada=false#void
https://www.cl.df.gov.br/web/agora-e-lei/busca?formDate=1745504446061&redirect=http%3A%2F%2Fwww.cl.df.gov.br%2Fweb%2Fagora-e-lei&delta=18&q=res%C3%ADduos+de+servi%C3%A7os+de+sa%C3%BAde&tema=&deputado=&data-inicio=&dayFrom=0&monthFrom=-1&yearFrom=0&data-fim=&dayTo=0&monthTo=-1&yearTo=0&numero=&pesquisa-avancada=false#void
https://www.cl.df.gov.br/web/agora-e-lei/busca?formDate=1745504446061&redirect=http%3A%2F%2Fwww.cl.df.gov.br%2Fweb%2Fagora-e-lei&delta=18&q=res%C3%ADduos+de+servi%C3%A7os+de+sa%C3%BAde&tema=&deputado=&data-inicio=&dayFrom=0&monthFrom=-1&yearFrom=0&data-fim=&dayTo=0&monthTo=-1&yearTo=0&numero=&pesquisa-avancada=false#void
https://www.cl.df.gov.br/web/agora-e-lei/busca?formDate=1745504446061&redirect=http%3A%2F%2Fwww.cl.df.gov.br%2Fweb%2Fagora-e-lei&delta=18&q=res%C3%ADduos+de+servi%C3%A7os+de+sa%C3%BAde&tema=&deputado=&data-inicio=&dayFrom=0&monthFrom=-1&yearFrom=0&data-fim=&dayTo=0&monthTo=-1&yearTo=0&numero=&pesquisa-avancada=false#void

Adv Environ Eng Res 2025; 6(4), d0i:10.21926/aeer.2504031

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

World Health Organization. Overview of technologies for the treatment of infectious and
sharp waste [Internet]. Geneva, Switzerland: WHO; 2019 [cited date 2025 June 9]. Available
from: https://www.who.int/publications/i/item/9789241516228.

Voudrias EA. Technology selection for infectious medical waste treatment using the analytic
hierarchy process. J Air Waste Manag Assoc. 2016; 66: 663-672.

Rafiee A, Yaghmaeian K, Hoseini M, Parmy S, Mahvi A, Yunesian M, et al. Assessment and
selection of the best treatment alternative for infectious waste by modified Sustainability
Assessment of Technologies methodology. J Environ Health Sci Eng. 2016; 14: 10.

Mousavi Z, Saeedi R, Saadani M, Majlesi M, Tehrani TT, Abtahi M. Microbial inactivation and
emission of volatile organic compounds in low-heat thermal treatment of infectious
healthcare waste. Heliyon. 2025; 11: e42287.

Fadaei A. Comparison of medical waste management methods in different countries: A
systematic review. Reviews on Environmental Health. 2023; 38: 339-348.

Tadesse ML, Kumie A. Healthcare waste generation and management practice in government
health centers of Addis Ababa, Ethiopia. BMC Public Health. 2014; 14: 1221.

Al-Khatib IA, Khalaf AS, Al-Sari MI, Anayah F. Medical waste management at three hospitals in
Jenin district, Palestine. Environ Monit Assess. 2020; 192: 10.

Fraifeld A, Rice AN, Stamper MJ, Muckler VC. Intraoperative waste segregation initiative
among anesthesia personnel to contain disposal costs. Waste Manag. 2021; 122: 124-131.
Nsanzimana J, Busumbigabo A, Mukamana F, Umuhoza H, Musafili A. Determinants of
improper healthcare waste segregation in a Tertiary Referral Hospital in Southern Rwanda: A
cross-sectional study. Crit Public Health. 2025; 35: 2518181.

Bannour R, Cheikh AB, Bhiri S, Ghali H, Khefacha S, Rejeb MB, et al. Impact of an educational
training about healthcare waste management on practices skills of healthcare workers: A

prexperimental study in a tertiary Tunisian hospital. Antimicrob ResistInfect Control. 2024; 13:
122.

Conti A, Viottini E, Comoretto Rl, Piovan C, Martin B, Albanesi B, et al. The effectiveness of
educational interventions in improving waste management knowledge, attitudes, and
practices among healthcare workers: A systematic review and Meta-Analysis. Sustainability.
2024; 16: 3513.

Bahmani Z, Nabizadeh R, Yaghmaeian K, Yunesian M. Evaluation of potentially toxic elements
and pharmaceutical compounds in leachate and exhaust air from non-incineration medical
waste treatment devices. Sci Rep. 2025; 15: 6395.

Raji MO, Adeogun AG. Healthcare waste management: An overview. ABUAD J Eng Res Dev.
2024; 7. 14-27.

Chisholm JM, Zamani R, Negm AM, Said N, Abdel daiem MM, Dibaj M, et al. Sustainable waste
management of medical waste in African developing countries: A narrative review. Waste
Manag Res. 2021; 39: 1149-1163.

Ferronato N, Torretta V. Waste mismanagement in developing countries: A review of global
issues. Int J Environ Res Public Health. 2019; 16: 1060.

Tiruneh YA, Modiba LM, Zuma SM. Solid health care waste management practice in Ethiopia,
a convergent mixed method study. BMC Health Serv Res. 2024; 24: 985.

Rogowska J, Zimmermann A. Household pharmaceutical waste disposal as a global problem —
A review. Int J Environ Res Public Health. 2022; 19: 15798.

Page 27/29


https://www.who.int/publications/i/item/9789241516228

Adv Environ Eng Res 2025; 6(4), d0i:10.21926/aeer.2504031

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Environmental Protection Agency (EPA). Household medication disposal [Internet].
Washington, D.C.: Environmental Protection Agency; 2025 [cited date 2025 June 12].
Available from: https://www.epa.gov/household-medication-disposal.

Rahmadani MA, Kristina SA. A scoping review of disposal of unused medicines in take-back
programs. J Manag Pharm Pract. 2021; 11: 73-90.

Banjar H, Alrowithi R, Alhadrami S, Magrabi E, Munshi R, Alrige M. An intelligent system for
proper management and disposal of unused and expired medications. Int J Environ Res Public
Health. 2022; 19: 2875.

Albeldawi M, Al-Mohannadi AS, Sigodo K. Medical waste management in the State of Qatar
challenges and opportunities: A review. Waste Manag Bull. 2025; 3: 100209.

LegisWeb. LegisWeb: Online legislation [Internet]. LegisWeb; 2025 [cited date 2025 May 15].
Available from: https://www.legisweb.com.br/.

European Commission. 2000/532/EC: Commission Decision of 3 May 2000 replacing Decision
94/3/EC establishing a list of wastes pursuant to Article 1(a) of Council Directive 75/442/EEC
on waste and Council Decision 94/904/EC establishing a list of hazardous waste pursuant to
Article 1(4) of Council Directive 91/689/EEC on hazardous waste (notified under document
number C(2000) 1147) (Text with EEA relevance) [Internet]. Luxembourg: European
Commission; 2000 [cited date 2025 September 9]. Available from:  https://eur-
lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32000D0532.

Griner Punkt. About us [Internet]. Der Griine Punkt — Duales System Deutschland GmbH,;
2025 [cited date 2025 September 9]. Available from: https://www.gruener-
punkt.de/de/unternehmen/ueber-uns.

Germany. Circular Economy Act [Internet]. 2023 [cited date 2025 September 9]. Available
from: https://www.gesetze-im-internet.de/krwg/.

Landerarbeitsgemeinschaft Abfall (LAGA). Vollzugshilfe zur Entsorgung von Abfédllen aus
Einrichtungen des Gesundheitsdienstes (LAGA M18) [Internet]. Berlin, Germany: LAGA; 2004
[cited date 2025 September 9]. Available from: https://www.laga-online.de/documents/laga-
m-18 stand 2021-06-23 1626849905.pdf.

Federal Institute for Occupational Safety and Health (BAuA). TRBA 250: Biological agents in
health care and welfare facilities [Internet]. BAuA; 2014 [cited date 2025 September 9].
Available from: https://www.baua.de/EN/Service/Technical-rules/TRBA/TRBA-250.

MoEFCC. Bio-Medical Waste Management Rules [Internet]. India: Ministry of Environment,
Forest and Climate Change; 2016 [cited date 2025 September 9]. Available from:
https://dhr.gov.in/sites/default/files/Bio-medical Waste Management Rules 2016.pdf.
Sahoo SK, Pradhan S. Regulatory landscape and enforcement challenges in biomedical waste
management in India. Int Res J Mod Eng Technol Sci. 2023; 5: 1549-1556.

Nath B, Das M, Boro A. Knowledge, Attitude and Practice of Biomedical waste management
among Health care workers in Tezpur Medical College & Hospital, Tezpur. Eur J Cardiovasc
Med. 2024; 14: 665-672.

Levandowski T, Santos RC. Desafios na gestdao sustentdvel de residuos hospitalares: Uma
analise a partir da revisdo sistematica. Rev Gestdo Secretariado. 2025; 16: e4804.

Delmonico DV, Santos HH, Pinheiro MA, de Castro R, de Souza RM. Waste management
barriers in developing country hospitals: Case study and AHP analysis. Waste Manag Res. 2017;
36: 48-58.

Page 28/29


https://www.epa.gov/household-medication-disposal
https://www.legisweb.com.br/
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32000D0532
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32000D0532
https://www.gruener-punkt.de/de/unternehmen/ueber-uns
https://www.gruener-punkt.de/de/unternehmen/ueber-uns
https://www.gesetze-im-internet.de/krwg/
https://www.laga-online.de/documents/laga-m-18_stand_2021-06-23_1626849905.pdf
https://www.laga-online.de/documents/laga-m-18_stand_2021-06-23_1626849905.pdf
https://www.baua.de/EN/Service/Technical-rules/TRBA/TRBA-250
https://dhr.gov.in/sites/default/files/Bio-medical_Waste_Management_Rules_2016.pdf

Adv Environ Eng Res 2025; 6(4), d0i:10.21926/aeer.2504031

83. Federal Ministry for the Environment, Nature Conservation and Nuclear Safety (BMU).
Environmental awareness in Germany 2018: Results of a representative survey [Internet].
Berlin Berlin, Germany: BMU; 2019 [cited date 2025 September 9]. Available from:
https://www.umweltbundesamt.de/sites/default/files/medien/5750/publikationen/ioew-
umweltbewusstseinsstudie 2018 eng 0.pdf.

84. Yin S, Zhao Y, Hussain A, Ullah K. Comprehensive evaluation of rural regional integrated clean
energy systems considering multi-subject interest coordination with pythagorean fuzzy
information. Eng Appl Artif Intell. 2024; 138: 109342.

85. Li R, Zhang M, Yin S, Zhang N, Mahmood T. Developing a conceptual partner selection
framework for matching public—private partnerships of rural energy internet project using an
integrated fuzzy AHP approach for rural revitalization in China. Heliyon. 2024; 10: e31096.

Page 29/29


https://www.umweltbundesamt.de/sites/default/files/medien/5750/publikationen/ioew-umweltbewusstseinsstudie_2018_eng_0.pdf
https://www.umweltbundesamt.de/sites/default/files/medien/5750/publikationen/ioew-umweltbewusstseinsstudie_2018_eng_0.pdf

