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Abstract 

When addressing Healthcare Waste Management (HCWM), numerous factors play a crucial 

role in ensuring its safety and environmentally responsible handling within institutional 

processes. Recognizing this imperative, this study employed the Analytical Hierarchical 

Process (AHP) methodology to establish a comprehensive assessment of 10 primary criteria 

and 66 sub-criteria concerning the governance and operational aspects of Healthcare Waste 

Management. This evaluation was based on the insights of 14 specialists in the field. It 

demonstrated innovation by prioritizing essential elements for the construction and 

maintenance of a comprehensive Healthcare Waste Management System. The results 

indicated the paramount importance of Treatment and Collection Services, which accounted 

for 13.4% of the overall assessment. Among the sub-criteria within this domain, the Number 

of Environmental Fines emerged as particularly significant, constituting 32.2% of the total 

assessment. Following closely, the Best Destination for Biological Waste criterion garnered 
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13.3% importance, while Monitoring Healthcare Waste Management Plan and Prioritization 

of Operational Steps ranked 12.7% and 10.9%, respectively. These insights and conclusions 

will guide stakeholders in developing an effective Healthcare Waste Management System that 

addresses critical dimensions such as biosafety, legal compliance, environmental stewardship, 

and financial sustainability. 
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Healthcare waste management system; analytical hierarchical process; governance; 

operational; prioritization 

 

1. Introduction 

Waste encompasses materials, substances, or objects from human activities intended for 

disposal, whether in solid, semi-solid, gaseous or liquid forms [1]. The varied nature of waste 

generated in human endeavors necessitates integrated management approaches that account for 

economic, cultural, and social factors, alongside active engagement from communities and 

stakeholders. Such management strategies must also align with regional policies for effective 

coordination [2]. 

Healthcare Waste (HCW) demands heightened attention due to its diverse origins and associated 

chemical, biological, or radioactive risks. According to the World Health Organization (2014), HCW 

emanates from healthcare facilities, including clinical laboratories and hospitals, and waste 

generated during home appointments, categorized into hazardous and non-hazardous types. 

Approximately 85% of this waste is considered typical domestic waste, while the remaining 15% 

poses significant risks to both human health and the environment, needing careful management 

protocols [3]. However, the applicability of this statistic varies, contingent upon factors such as 

technical regulations, guiding legislation, and internal organizational structures within healthcare 

facilities. Individual analysis reveals varying proportions of hazardous waste within healthcare 

settings, ranging from 6.42% at a University Hospital in Hungary to 64% at a hospital in Brazil, 5% at 

another hospital in Brazil, and 35% at a microbiology laboratory in Greece [4-6]. 

In terms of quantity, the largest inhabitant-related generators of HCW per continent are North 

and South America, with 4.42 and 1.64 kg·bed-1·day-1, respectively. Regarding hazardous waste, the 

highest rate is reported in Oceania (0.77 kg·bed-1·day-1), while Africa presents the lowest values, not 

only for non-hazardous but also hazardous waste (0.19 and 0.39 kg·bed-1·day-1) [7]. Moreover, when 

assessing data within the context of the SARS-CoV-2 pandemic, only in Brazil, the rate of hazardous 

waste from HCW increased from 14 million tons in 2019 to 24 million tons in 2020 [8]. In Bangladesh, 

the amount of HCW originating from COVID-19 patients rose from 658.08 tons in March 2020 to 

16,164.74 tons in April 2021, while in the USA, the rate of HCW generation surged from 0.4 million 

tons per month before the pandemic to 2.5 million tons per month during the pandemic [9, 10]. 

In a study conducted by Singh et al. [11], the analysis of 78 countries revealed that only an 

average of 38.9% of their healthcare waste (HCW) was segregated for proper management, with 

merely 41% of healthcare professionals trained in handling such residues. This finding underscores 

the urgent need for improved biosafety measures in HCW management, particularly to mitigate the 
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risks of accidents like punctures or contamination exacerbated by inadequate segregation and 

storage practices [12-14]. Additionally, there is a notable occurrence of environmental dangers and 

accidents stemming from improper treatment and disposal methods, potentially leading to 

contamination and significant health hazards. In light of these challenges, it is imperative for HCW 

managers to commit to minimizing these issues by implementing safe and environmentally 

responsible Healthcare Waste Management Systems. 

To establish and implement an appropriate Healthcare Waste Management System, it is essential 

to have laws and technical standards that guide HCW generators, delineating responsibilities and 

requirements for segregation, collection, storage, handling, treatment, transport, and final disposal 

[3, 15]. These legal frameworks must explicitly address HCW and include an inspection system to 

ensure law enforcement, along with specifications regarding technical registration and 

environmental licensing procedures for HCW [3]. 

In Europe, most healthcare waste is incinerated and the recognition of the significant 

environmental and financial costs resulting from inadequate management of Healthcare Waste 

(HCW) has led to the development of regulations prioritizing waste minimization, proper 

segregation at the point of generation, and a commitment to training and best practices. This 

underscores the importance of strategies such as regular internal audits [16, 17]. However, in 

developing Asian countries like India, Pakistan, and Bangladesh, HCW legislation is relatively recent, 

and despite incorporating recommendations from international organizations, it is not effectively 

enforced within management systems [18]. Moreover, factors such as the absence of HCW 

generation data registration, coupled with insufficient awareness and training, cause the 

management process to be inefficient, thereby increasing risks for the healthcare community and 

the environment [13]. Thakur & Anbanandam [19] identified that most healthcare managers in India 

fail to maintain records of their HCW processes and often outsource their treatment, indicative of 

an inefficient commitment where attention is solely focused on delivering improved healthcare 

services to the population. 

Given the highlighted problems, the present study aims to assess and classify the essential 

elements of Healthcare Waste Management Systems, focusing on governance and operational 

criteria in accordance with current legislation and offering guidelines to be implemented in 

Healthcare Facilities. 

2. Materials and Methods 

To assess the essential governance and operational elements for a Healthcare Waste 

Management System, use of the Analytical Hierarchical Processes (AHP) methodology was 

employed. Developed by Thomas L. Saaty [20], AHP relies on the inherent human ability to make 

profound judgments about simple problems, facilitating the organization of perception, sensation, 

and experience into a structured framework that elucidates the forces influencing the final decision 

[20]. In AHP, the problem to be addressed is broken down into hierarchical criteria levels for analysis, 

decomposing it into as many levels as necessary. At each level, individuals must establish the priority 

of importance for one element relative to another. The methods stages used are presented in Figure 

1. This priority among elements is represented by a numerical value, according to a scale developed 

by Saaty [20], as detailed in Table 1. The collective judgments form a square matrix, where each 
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judgment reflects the dominance of one element over another in the row relative to the column of 

the matrix. 

 

Figure 1 Flowchart of the used stage methods – adapted from [20]. 

Table 1 Fundamental scale of Saaty [20] for judgment done by the AHP method. 

Intensity of 

importance on an 

absolute scale 

Definition Explanation 

1 Equal importance Two activities contribute equally to the objective 

3 Moderate importance Experience and judgment favour the activity 

5 Strong importance 
Experience and judgment strongly Favor one 

activity over another 

7 
Very strong importance or 

demonstrated importance 

An activity is strongly favored over another, and 

its dominance is demonstrated in practice 

9 Extreme importance 
The evidence favouring one activity over another 

is of the highest possible order of affirmation. 

2, 4, 6, 8 
For importance between 

the values above 

Sometimes it is necessary to interpolate a 

judgment of commitments 

This is a methodology used broadly for decision-making in problems that involve multiple criteria, 

such as the selection of location for final deposition of waste, management group decisions, logistics, 

and people management [21-24]. Confidence and fuzziness were measured by lambda, considering 

more than 10% to validate, as suggested by Saaty [20]. Consistency ratio and consensus were also 

monitored, confirming the results presented. 

The AHP (Analytic Hierarchy Process) method is widely used for multi-criteria decision-making. 

However, there are equivalent and more recent methods, such as BWM (Best-Worst Method), 

LBWA (Level-Based Weight Assessment), FUCOM (Full Consistency Method), and DIBR (Defining 

Interrelationships Between Ranked Criteria), which aim to simplify the paired comparison process. 

It is worth noting that the AHP method benefits from a vast literature of case studies and 

comparisons, which enhances confidence in its results. Additionally, it allows for incorporating both 

qualitative and quantitative criteria, making it adaptable to various contexts and problem scales [23, 

24]. 
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Furthermore, the paired comparison process is intuitive and easily understandable for decision-

makers. It also includes a mechanism to calculate the consistency of these comparisons. While it 

requires more comparisons, this can lead to a more detailed and accurate analysis, particularly in 

complex problems with numerous criteria and alternatives. Therefore, it is important to highlight 

the maturity, flexibility, transparency, and ability of the AHP method to handle complex problems, 

making it still highly applicable to contexts similar to those explored in this article. 

For the construction of the judgment matrix, criteria and sub-criteria were identified based on 

the current national and regional legislation for HCW in Brazil (operational patterns) and ISO 14001 

(governance patterns). Figure 2 contains the first, second, and third-level criteria selected for 

evaluation by specialists. These criteria and sub-criteria were organized into worksheets within the 

Excel software. Each judgment was assigned an integer value, indicating whether the element of 

the row was more important than the element of the column or the reverse value when the element 

of the column was more significant than the element of the row. The assigned values were 

quantitatively analyzed for consistency using established formulas from the AHP method. 

Consequently, for each criterion, the elements to be prioritized in a Healthcare Waste Management 

System considering governance and operational aspects were determined. 
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Figure 2 Criteria, sub-criteria, and elements for assessment by specialists. 
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To selection specialists, research was conducted among HCW managers from Brazilian public 

health laboratories and large-scale hospitals in Belo Horizonte (state of Minas Gerais, Brazil). 

Researchers in the waste management field, institutions responsible for waste management in Belo 

Horizonte (Minas Gerais, Brazil), members of the municipal Permanent Commission of Support in 

Healthcare Waste Management (COPAGRESS), and representatives of healthcare professional 

councils. The profiles of the interviewed specialists are detailed in Table 2. 

Table 2 Profile from the experts that analyzed HCW management governance and 

operational criteria. 

Profile Number of Experts 

Responsible for HCW management in a large hospital 4 

Responsible for HCW management in public health laboratory 5 

Researcher 1 

Responsible for HCW management in the healthcare unit of Federal 

University 
1 

Associations/commissions representatives 2 

Representative of the agency responsible for municipal HCW management 1 

3. Results and Discussion 

Of 24 specialists who received the criteria judgment worksheets, 14 returned their evaluations 

after 4 months. As there was no hierarchy among the specialists, therefore, all assessments were 

given equal significance. To produce a consolidated consensus of the judgments, a geometric mean 

of the results from the specialists for each analyzed criterion was applied, following the 

recommendation of Saaty [25], as shown in Figure 3. For this purpose, the tool developed by Goepel 

[26] was utilized, where the data is individually entered into an Excel worksheet, resulting in a 

consolidated summary with the weight of each assessed criterion. The results, containing the level 

of importance of criteria for each matrix, were compiled into a single result, applying the geometric 

mean as recommended by the AHP method [25]. 
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Figure 3 Consolidated expert judgment for the established criteria and sub-criteria. 

Legend: A – Governance: consistency of 3.0 and consensus of 74.2%; Operational: 

consistency of 3.0 and consensus of 81.1%. B – Governance: consistency of 6.0 and 

consensus of 83.4%. C – Operational: consistency of 5.0 and consensus of 67.9%. D – 

Governance: consistency of 5.0 and consensus of 77.0%; Financial: consistency of 3.0 

and consensus of 75.9%. E – Operational: consistency of 9.0 and consensus of 83.1%. F 

– Operational: consistency of 9.0 and consensus of 50.0%. G – Environmental sector: 

consistency of 2.0 and consensus of 89.8%. H – Governance: consistency of 4.0 and 

consensus of 80.1%. I – Governance: consistency of 4.0 and consensus of 83.1%; 

Operational: consistency of 6.0 and consensus of 81.0%. J – Governance: consistency of 

6.0 and consensus of 86.1%. K – Main matrix: consistency of 10.0 and consensus of 

82.4%. 

The first-level criterion, “Documents” (8.2%), assessed the importance of record-keeping that 

aids governance and operational processes. Results on the “Governance” scale indicate that an 

“Environmental Management System implemented” (34.2%) is most relevant, followed by 

“Indicator registration” (23.9%) and “Risk management spreadsheet” (22.1%). An Environmental 

Management System (EMS) is a transparent and systematic process recognized by the entire 

enterprise. It aims to establish and implement goals, policies, and environmental responsibilities, 

including regularly auditing its elements [27]. In the healthcare context, the application of an EMS 

promotes an integrated vision of variables from healthcare and sustainability principles. When 

effectively applied, this results in reduced waste production and handling costs, improved energy 

utilization, lower rates of hospital infections, and increased quality and credibility of the institution 
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[28-30]. Although HCW management is not the sole purpose of an EMS, the objective of this study 

is to understand the benefits of its adoption for efficient governance and operational processes of 

this waste category. Basic EMS criteria, such as risk descriptions, indicator registration, and 

environmental impact studies, can be implemented in HCW management to establish internal 

and/or external procedures, services, and contracts covering HCW generators [31]. In terms of 

certification, organizations may validate their EMS against internationally recognized standards 

such as ISO 14001, Eco-Management, and Audit Scheme (EMAS) [32]. The formal adoption of an 

EMS by healthcare facilities is often seen as a distant reality, considering challenges such as 

document procurement and lack of recognition by senior leadership. However, EMS 

implementation does not solely depend on the intention to obtain certification but also serves as a 

tool for implementing environmental policy, with technical formalization often occurring after 

activities commence, even without certification [33, 34]. Romero & Carnero [35] developed a model 

for better sustainability performance in hospitals to align with ISO 14001 standards, assessing 

factors such as hazardous waste generation, waste logistics, energy consumption, environmental 

compliance of suppliers, and environmental awareness of the hospital community. However, 

engineering solutions alone cannot sustain an EMS without support from organizational structure, 

appropriate culture, competent and conscientious staff, and effective information/communication 

systems [36]. 

The results regarding the “Documents” criterion in the “Operational” dimension, on the other 

hand, revealed that the most significant sub-criteria for specialists were the “Healthcare Waste 

Management Plan (HCWMP)” (40.8%), followed by the “Operational flowchart” (30.0%) and 

“Standardized operational procedure” (29.2%). The HCWMP serves as a tool that outlines and 

describes actions related to HCW handling that must be formulated according to the specific 

characteristics of each facility in compliance with current regional, national, or international 

regulations and standards [2, 37]. The responsibility to develop, implement, and monitor the 

HCWMP lies with the HCW generator [38]. From a global perspective, a study conducted by 

Windfeld & Brooks [39] on HCW regulatory systems in the United States, Canada, the European 

Union, and other developed countries highlighted standard features such as the classification and 

categorization of HCW, mandatory identification, storage, and quantitative recording of waste 

generation by facilities. Other notable considerations include limits on atmospheric emissions from 

incineration equipment and, notably, financial, and criminal penalties for non-compliance with 

regulations. Therefore, developing an HCWMP that encompasses the entire operational flowchart 

of HCW is essential to guide healthcare facilities in compliance with legal regulations. In addition to 

meeting mandatory requirements, the HCWMP aims to reduce waste generation, promote 

sustainable solutions such as recycling and reverse logistics, reduce costs in intra or extra-

institutional processes, and mitigate environmental and health risks [40-42]. 

For the “High corporate involvement” (5.8%) criterion, the sub-criterion “Environmental Policy” 

(24.9%) was the most prominent, followed by “Include Healthcare Waste Management in Projects” 

(24.0%) and “Sustainable Practices” (22.6%). Analysing the Sustainable Development Goals (SDGs) 

and the Sustainable Development Agenda, there is a growing commitment by healthcare facilities, 

particularly regarding cleaner production, reducing hazardous waste generation and fostering 

sustainable innovation. A way to establish a starting point for collaboration on these topics is the 

adoption of an Institutional Environmental Policy, which aims to ensure environmental 

responsibility not only in internal activities but also among manufacturers, distributors, and 
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suppliers [43, 44]. In the United States, among large healthcare companies included in financial and 

social development rankings, only an average of 32% is committed to publishing sustainability 

reports, lagging behind other economic sectors and consequently, far from achieving the SDGs [45]. 

The results presented by the specialists suggest that, if the high-level corporate members of an 

establishment commit to an Environmental Policy, there is a greater chance of implementing the 

commitments made. 

In the “Financial” dimension, the specialists emphasized the importance of providing “Training 

Resources” (36.8%). A training structure should aim to enhance employee competence (technical 

knowledge), motivation (commitment and engagement with activities), and opportunities (periodic 

development of effective actions), tailored to the type of waste generated/handled in specific 

activities (clinical care, laboratory analysis, cleaning, transportation, etc.). This approach can 

cultivate an individual and collective mindset within the establishment, promoting vigilant and 

responsible attitudes toward HCW management. Formal training, interventions, practical 

demonstrations, and monitoring results are essential and are directly associated with allocating 

resources for the Internal Environmental Management of the facilities [46]. 

For “Leadership" (6.7%), the item "Involvement in waste management processes" (21.8%) was 

highlighted by the specialists. Leadership involvement in healthcare waste (HCW) management can 

provide the motivation and guidance that the rest of the staff needs. Anozie et al. [47] conducted 

research with 54 healthcare managers in Nigeria and found that only 1.9% of the facilities had head 

staff knowledgeable about waste management procedures and practiced proper segregation when 

discarding waste. Similarly, a study by Botelho [16] involving 741 healthcare establishments in 

Portugal demonstrated that designating responsible personnel for healthcare waste management 

increased the conformity rate by nine percentage points compared to units that did not implement 

this measure. For the "Environmental Sector" (9.6%), the sub-criteria "Operational Practices" (50.7%) 

were slightly ahead of "Governance Practices" (49.3%). This proximity suggests that governance and 

operational decisions must work together to establish a technical and organized HCW management 

system. A functional HCW committee, such as an environmental sector, is significant for the success 

of these practices in both public and private facilities [48-50]. 

Regarding the "Prioritization of operational steps" (10.9%), specialists identified "segregation" 

(17.3%) as the most critical step. This is an expected outcome, as proper segregation significantly 

reduces the volume of hazardous waste and the incidence of accidents among healthcare staff. 

Research by Aduan et al. [51] conducted in six Brazilian hospitals indicated that correct segregation 

processes reduced hazardous waste volume by 42%. Similarly, Rasheed and Walraven [52], through 

an internal audit of a facility, found that 75% of the waste destined for incineration did not have 

infectious characteristics. It is important to note that prioritizing one operational practice does not 

decrease the importance of others, as the effectiveness of one step often depends on the proper 

execution of another [53]. For instance, the lack of suitable containers — pedal-operated lids and 

adequate labeling according to the waste risk — directly affects the segregation stage. Therefore, it 

is crucial to validate segregation practices within different areas through internal audits, periodic 

verification systems, and the adoption of indicators to ensure that the segregation process aligns 

with the institution's Healthcare Waste Management Plan (HCWMP) [54, 55]. 

The "Dissemination of information" (8.7%) criterion in the "Governance" dimension highlighted 

that information about "HCW risk management" (40.9%) is particularly relevant. This suggests that 

disseminating knowledge about the risks associated with healthcare waste (HCW) and ways to 
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mitigate them can positively impact those involved in the management process, from the generator 

to those responsible for final disposal. This approach promotes a broader understanding and active 

participation [32, 56]. In the "Operational" dimension, the dissemination of knowledge about "HCW 

segregation" (21.0%) was emphasized. This aligns with the findings from the "Prioritization of 

operational practices" criterion, which demonstrated the importance of segregation. Promoting 

periodic training and using tools for disseminating internal information within the establishment 

can help consolidate these concepts, thereby reducing occupational risks and improving the 

effectiveness of operational steps [57-59]. 

For the "HCWMP Monitoring" (12.7%) criterion, the specialists concluded that the "HCW accident 

indicator" (19.6%) must be given primary consideration, noting a reasonable balance in the weights 

of the criteria. Monitoring involves adopting a systematic and continuous process based on a 

significant and periodic set of data and information that allows measuring, understanding, and 

evaluating its effects [60]. By establishing the HCWMP as a guiding document for the facility's HCW 

management decisions, stakeholders must commit to the constant evaluation and revision of 

procedures. This includes considering possible changes in activities that generate HCW, or the 

results shown in the monitoring process. Schneider et al. [41] proposed using a digital data 

management system to improve the evaluation of an HCWMP in a university hospital. The results 

indicated that if the system were 100% adequate, the treatment costs for hazardous waste could 

be reduced by 18.4% monthly, and the average savings for chemicals could be 5.83% of the total 

monthly cost. Considering the occupational variable, since the "HCW accident indicator" was the 

most prioritized sub-criteria, the need for information gathering and decision-making becomes even 

more urgent. 

Accidents involving healthcare staff can occur at all stages of HCW handling, potentially causing 

lacerations (in the case of sharps), contamination by pathological agents, and allergic reactions due 

to contact with chemical substances. An inspection study by Delevati et al. [61] in 28 Brazilian public 

hospitals indicated non-conformity in the external storage of sharps, with some establishments 

keeping discarded boxes on the floor, posing injury risks to staff and the hospital community. For 

workers responsible for the collection, treatment, transport, and final disposal of HCW, the rate of 

accidents is even more significant. Shiferaw et al. [62] reported an exposure rate of over 40% and 

60% to sharps and mucous membranes, respectively, among employees in this category in Ethiopia. 

Such accidents often result from negligence by healthcare staff in following proper procedures when 

discarding HCW [63]. Given these factors, it is essential to adopt a monitoring structure that ensures 

all operational phases, inside and outside the facility, are performed safely for workers, the 

community, and the environment. 

The assessment in the "Eco-efficient production" (10.7%) domain revealed that "Minimization of 

waste generation" (39.2%) is the most important item. Eco-efficiency measures advancement 

towards sustainable development by correlating environmental impacts with economic 

performance [64]. Waste minimization involves reducing the volume, weight, and toxicity of waste 

generated in the production process [65]. Using the Analytic Hierarchy Process (AHP) to identify 

improvement opportunities in Healthcare Waste Management (HCWM) in three hospitals in Abu 

Dhabi, Hussain et al. [66] found that minimizing waste generation was the most important 

alternative. This included conducting stock inventories to distinguish items that are not being used. 

Additionally, structuring the waste generated by the institution and exploring available options can 

help achieve the highest sustainable potential. Stakeholders can apply Circular Economy principles 
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(Figure 4) to study waste flowcharts in each generator process. A circular Economy is a regenerative 

system aimed at reducing raw material usage and waste generation and promoting responsible 

energy consumption [67]. Despite resistance to Circular Economy applicability in healthcare [68], 

understanding its concepts can lead to more efficient procedures with lower HCW generation. Some 

circular actions that can be implemented in healthcare facilities include composting organic waste, 

adopting reusable instruments, engaging in conscientious purchasing processes (such as rejecting 

more polluting equipment), adopting reverse logistics systems, and adhering to cleaner production 

standards. Integrating these concepts into facility culture can yield environmental and financial 

benefits, particularly for large and medium-sized hospitals, laboratories, biological/pharmaceutical 

product industries, and health research institutions [69-71]. 

 

Figure 4 Principles of the Hierarchical Circular Economy – adapted from [72]. 

In the "Treatment and collection services" category (13.4% — the most highly assessed first-level 

criterion by specialists), the "Number of environmental fines" (32.2%) was the most recommended 

factor to consider during the hiring process. Several case studies highlight non-conformities 

associated with environmental service providers in the healthcare sector. These range from licensed 

treatment companies engaging in illegal recycling of healthcare waste (HCW) to environmental 

authorities admonishing or closing incinerators in Romania and the United States due to non-

compliance with mandatory atmospheric emissions control systems [39, 73, 74]. 

When dealing with HCW, it is crucial to emphasize the importance of thorough planning when 

contracting an outsourced service. Maintaining constant communication and transparency between 

parties regarding transportation, treatment, and final disposal methods is essential to ensure both 

institutional and legal security for the HCW generator. Actions to validate this process include using 
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risk evaluation tools for the company's activities, such as assessing instruments used, processing 

capacity, collection frequency, emergency management plans, and verifying documents like 

technical certificates and licenses [75]. Furthermore, literature reports show that HCW treatment 

companies committed to leadership and sustainable innovation are valuable allies in promoting a 

cultural shift towards more sustainable Healthcare Waste Management (HCWM) among their 

clients [76]. 

The final criterion, "Best destination for biological waste" (13.3% – the second most assessed 

criterion), had its sub-criteria defined by the most used technologies in Minas Gerais according to 

Brazilian regional regulations [77]. The option "Incineration + Landfill for biological waste (cell for 

HCW)" was the most highly assessed by specialists. The biological waste referred to by the specialists 

in the Brazilian regulation belongs to the category A4 (which is a category that does not require pre-

treatment for disposal). It is important to highlight that in some countries, the necessity of 

treatment for biological waste before the final deposition depends on the characteristics of the 

infective agent present in the waste. The so-called A4 can be landfilled without treatment [78]. 

However, this was not the preferred method in the final results, likely due to the need to ensure the 

reduction of contamination potential, thereby requiring incineration before landfilling to guarantee 

more excellent safety. There is a wide variety of technologies available for treating hazardous 

healthcare waste (HCW). These can be categorized into three main groups: Chemical Procedures 

(utilizing alcohols, phenols, acids, bases, peroxides, anti-metabolic ozone, enzymes, etc.), Irradiation 

Processes (using ultraviolet rays, gamma radiation, and microwaves), and Thermal Processes 

(including incineration, autoclaving, gasification, pyrolysis and plasma) [79]. 

Incineration is the most widely used HCWM treatment worldwide [80]. According to Thind et al. 

[81], in July 2020, the processing capacity of incinerators across India was strained due to increased 

HCW generation during the pandemic. Incineration has both advantages and disadvantages: it 

reduces waste volume and produces energy, but it also releases toxic and carcinogenic compounds 

and hazardous by-products. Therefore, minimizing the waste directed to incineration and 

meticulously evaluating incinerators is essential. Notable case studies include the successful 

reduction of chemical waste destined for incineration in a public health institution in Brazil, by a 

sharing and donation system for chemicals. Such an attitude benefits both the institution and 

university laboratories. Additionally, an assessment tool was developed to select the most suitable 

incinerator for healthcare facilities in Bosnia and Herzegovina, considering economic, ecological, 

technical, and social criteria [82]. 

Regarding the final destination for biological waste, the option of Incineration + Landfill for 

biological waste with cells for HCW was highlighted. Unlike direct landfilling, this kind of landfill may 

operate together with a screening and composting plant (SCP), particularly in Brazil. Therefore, 

biological wastes cannot be betrayed, only destined for landfills. SCP minimizes the volume and 

mass of buried waste by mechanically separating different factions within the waste and stabilizing 

the organic matter through biological processes such as anaerobic digestion or composting [83, 84]. 

Between 1990 and 2010, around 180 SCP plants were installed in Europe, increasing to 570 units by 

2017, with a capacity of approximately 55 million tons [84]. A case study in Italy by Trulli et al. [85] 

demonstrated a 30% reduction in waste mass alongside the potential for biofuel production. In 

Brazil, SCP began operating in the late 1960s, with a peak in the 1990s, primarily in small cities with 

less than 100.000 inhabitants, driven by government incentives [86]. The specialists' preference for 

this system combined with incineration likely stems from the need for safe handling and final 
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disposal of infectious HCWs. In Europe, for example, nearly all healthcare waste is incinerated in 

dedicated combustors, usually operating at more than 1200°C [87, 88]. Although infectious waste is 

not processed directly in SCP procedures, the existence of separate accommodation cells for 

infectious waste within these units allows for the processing of various waste types from healthcare 

establishments. This preference indicates a priority for enterprises that ensure caution with 

infectious waste and offer recycling and reuse techniques for non-hazardous waste. 

According to the World Health Organization [89], selecting the best treatment technology for 

hazardous waste should consider minimal impacts on public health and the environment while 

achieving the best cost-benefit ratio. Several studies aim to build frameworks that facilitate 

decision-making by considering the multiple factors involved, their positive and negative aspects, 

uncertain information, and the pursuit of sustainability in emerging economies [90, 91]. 

Finally, few studies have applied the AHP methodology in the context of healthcare waste 

management with many variables, underscoring the significance of this study. The method proved 

well-suited for this application, demonstrating strong consensus validity among the participating 

experts. On the other hand, the AHP presents limitations: it requires numerous pairwise 

comparisons, which can become tedious in complex problems; it assumes independence between 

criteria, which does not always reflect real-world scenarios; and it is sensitive to subjectivity and 

inconsistencies in decision-maker responses. Additionally, it may struggle to handle many 

alternatives, uncertainty, or imprecise data, and it is susceptible to the "rank reversal" phenomenon 

[20-24, 92]. In this study, the consistency techniques outlined in the methodology helped overcome 

limitations and generated data validated and aligned with reality, based on the experts' perspectives, 

as demonstrated in the results. 

4. Conclusion 

The proposed objective to assess and classify the essential operational and governance elements 

of a Healthcare Waste Management System (HCWMS) was achieved using a methodology that 

included input from field specialists. No studies were found in the literature that evaluated the 

number and quality of criteria assessed by the specialists in this research. Generally, studies focus 

on specific healthcare waste management systems as individual case studies, identifying specific 

improvement points. Thus, the results of this study demonstrate innovation by prioritizing essential 

elements for the construction and maintenance of a comprehensive Healthcare Waste 

Management System. Among the sub-criteria within this domain, the Number of Environmental 

Fines emerged as particularly significant, constituting 32.2% of the total assessment. Following 

closely, the Best Destination for Biological Waste criterion garnered 13.3% importance, while 

Monitoring Healthcare Waste Management Plan and Prioritization of Operational Steps ranked 12.7% 

and 10.9%, respectively. 

The assessment method used in this study incorporated the personal knowledge and experiences 

of the specialists. Consequently, healthcare waste generators examining these results for potential 

application in their own HCWMS should consider factors such as the type of service offered, the size 

of the enterprise, and its economic profile and legal responsibilities regarding waste generation, 

according to regional legislation and standards. It is crucial to select procedures and technologies 

that minimize environmental impact while complying with current laws. The guidelines presented 
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in this research do not exhaust the topic but provide a practical guide for healthcare establishments 

to take the first steps toward managing healthcare waste in a safer and more efficient manner. 

Author Contributions 

All authors contributed to the study’s conceptualization and design. Data collection and analysis 

were performed by F.C.L.B. The first draft of the manuscript was written by F.C.L.B. and A.C.T.A. All 

authors (F.C.L.B.; A.C.T.A.; M.P.G.M.; R.T.V.B.) commented on previous versions of the manuscript. 

All authors have read and agreed to the published version of the manuscript. 

Competing Interests 

The authors have declared that no competing interests exist. 

References 

1. Brazilian NR. Law No.12305 - Brazilian National Policy on Solid Waste: LAW 12,305, of 2 August 

2010: Institutes the National Policy on Solid Waste; alters Law No. 9,605 of 12 February 1998; 

and makes other provisions [Internet]. Brazilian NR - Health, Safety and Environment (HSE) in 

Brazil; 2010. Available from: https://braziliannr.com/brazilian-environmental-legislation/law-

no-12305-brazilian-national-policy-solid-waste/. 

2. Barros RTV. Solid waste management elements. Belo Horizonte, Brazil: Tessitura; 2012. 

3. World Health Organization. Safe management of wastes from health-care activities [Internet]. 

Geneva, Switzerland: World Health Organization; 2014. Available from:  

https://iris.who.int/bitstream/handle/10665/85349/9789241548564_eng.pdf;jsessionid=CAD

A6ECC0BF3DD9F4FAC047BDF098684?sequence=1. 

4. Kaposi A, Nagy A, Gomori G, Kocsis D. Analysis of healthcare waste and factors affecting the 

amount of hazardous healthcare waste in a university hospital. J Mater Cycles Waste Manage. 

2024; 26: 1169-1180. 

5. Neves AC, Maia CC, de Castro e Silva ME, Vimieiro GV, Gomes Mol MP. Analysis of healthcare 

waste management in hospitals of Belo Horizonte, Brazil. Environ Sci Pollut Res. 2022; 29: 

90601-90614. 

6. Komilis D, Makroleivaditis N, Nikolakopoulou E. Generation and composition of medical wastes 

from private medical microbiology laboratories. Waste Manage. 2017; 61: 539-546. 

7. Mol MP, Zolnikov TR, Neves AC, Dos Santos GR, Tolentino JL, de Vasconcelos Barros RT, et al. 

Healthcare waste generation in hospitals per continent: A systematic review. Environ Sci Pollut 

Res. 2022; 29: 42466-42475. 

8. Ministry of the Environment, Federative Republic of Brazil. National Solid Waste Information 

System (SINIR). Brasília, Brazil: Ministry of the Environment, Federative Republic of Brazil; 2021. 

9. Chowdhury T, Chowdhury H, Rahman MS, Hossain N, Ahmed A, Sait SM. Estimation of the 

healthcare waste generation during COVID-19 pandemic in Bangladesh. Sci Total Environ. 2022; 

811: 152295. 

10. Ilyas S, Srivastava RR, Kim H. Disinfection technology and strategies for COVID-19 hospital and 

bio-medical waste management. Sci Total Environ. 2020; 749: 141652. 

https://braziliannr.com/brazilian-environmental-legislation/law-no-12305-brazilian-national-policy-solid-waste/
https://braziliannr.com/brazilian-environmental-legislation/law-no-12305-brazilian-national-policy-solid-waste/
https://iris.who.int/bitstream/handle/10665/85349/9789241548564_eng.pdf;jsessionid=CADA6ECC0BF3DD9F4FAC047BDF098684?sequence=1
https://iris.who.int/bitstream/handle/10665/85349/9789241548564_eng.pdf;jsessionid=CADA6ECC0BF3DD9F4FAC047BDF098684?sequence=1


Adv Environ Eng Res 2025; 6(2), doi:10.21926/aeer.2502018 
 

Page 16/20 

11. Singh N, Ogunseitan OA, Tang Y. Medical waste: Current challenges and future opportunities 

for sustainable management. Crit Rev Environ Sci Technol. 2022; 52: 2000-2022. 

12. Ferreira V, Teixeira MR. Healthcare waste management practices and risk perceptions: Findings 

from hospitals in the Algarve region, Portugal. Waste Manage. 2010; 30: 2657-2663. 

13. Khan BA, Cheng L, Khan AA, Ahmed H. Healthcare waste management in Asian developing 

countries: A mini review. Waste Manage Res. 2019; 37: 863-875. 

14. Bento DG, Costa R, Luz JH, Klock P. Waste management of healthcare services from the 

perspective of nursing professionals. Texto Contexto Enferm. 2017; 26: e6680015. 

15. Tanaka OY, Tamaki EM. The role of evaluation in decision-making in the management of health 

services. Cien Saude Colet. 2012; 17: 821-828. 

16. Botelho A. The impact of education and training on compliance behavior and waste generation 

in European private healthcare facilities. J Environ Manage. 2012; 98: 5-10. 

17. Barbosa FC, Pereira AA, de Vasconcelos Barros RT, Mol MP. Avaliação das práticas de 

gerenciamento de resíduos de serviços de saúde por meio de auditoria ambiental: Estudo de 

caso. AIDIS J Dev Pract Environ Eng Sci Res. 2022; 15: 1322-1336. 

18. Nosheen F, Malik N, Mehmood Z, Jabeen F, Mahmood A, Ibrahim M, et al. Biomedical waste 

management associated with infectious diseases among health care professionals in apex 

hospitals of a typical south Asian city. Environ Res. 2022; 215: 114240. 

19. Thakur V, Anbanandam R. Healthcare waste management: An interpretive structural modeling 

approach. Int J Health Care Qual Assur. 2016; 29: 559-581. 

20. Saaty TL. How to make a decision: The analytic hierarchy process. Eur J Oper Res. 1990; 4: 9-26. 

21. Randazzo L, Cusumano A, Oliveri G, Di Stefano P, Renda P, Perricone M, et al. Landfill site 

selection for municipal solid waste by using AHP method in GIS environment: Waste 

management decision-support in Sicily (Italy). Detritus. 2018; 2: 78-88. 

22. Marins CS, Souza DD, Barros MD. O uso do método de análise hierárquica (AHP) na tomada de 

decisões gerenciais-um estudo de caso. Xli Sbpo. 2009; 1: 49. 

23. Oliveira Neto GC, Oliveira JC, Librantz AF. Selection of logistic service providers for the 

transportation of refrigerated goods. Prod Plan Control. 2017; 28: 813-828. 

24. Bozbura FT, Beskese A, Kahraman C. Prioritization of human capital measurement indicators 

using fuzzy AHP. Expert Syst Appl. 2007; 32: 1100-1112. 

25. Saaty TL. Decision making with the analytic hierarchy process. Int J Serv Sci. 2008; 1: 83-98. 

26. Goepel KD. Implementing the analytic hierarchy process as a standard method for multi-criteria 

decision making in corporate enterprises-a new AHP excel template with multiple inputs. Proc 

Int Symp Anal Hierarch Process. 2013; 2: 1-10. 

27. Steger U. Environmental management systems: Empirical evidence and further perspectives. 

Eur Manage J. 2000; 18: 23-37. 

28. Esteves VA, Sautter KD, Azevedo JA. Percepção do impacto de sistemas de gestão ambiental em 

hospitais [Internet]. Curitiba, Brazil: Encontro Nacional sobre Gestão Empresarial e Meio 

Ambiente; 2007. Available from:  https://www.researchgate.net/profile/Klaus-Sautter-

2/publication/264870436_PERCEPCAO_DO_IMPACTO_DE_SISTEMAS_DE_GESTAO_AMBIENT

AL_EM/links/5461efda0cf27487b453cd5d/PERCEPCAO-DO-IMPACTO-DE-SISTEMAS-DE-

GESTAO-AMBIENTAL-EM.pdf. 

29. Purdy T. Designing and implementing a hospital environmental management framework. 

Windsor, Canada: University of Windsor; 2013. 

https://www.researchgate.net/profile/Klaus-Sautter-2/publication/264870436_PERCEPCAO_DO_IMPACTO_DE_SISTEMAS_DE_GESTAO_AMBIENTAL_EM/links/5461efda0cf27487b453cd5d/PERCEPCAO-DO-IMPACTO-DE-SISTEMAS-DE-GESTAO-AMBIENTAL-EM.pdf
https://www.researchgate.net/profile/Klaus-Sautter-2/publication/264870436_PERCEPCAO_DO_IMPACTO_DE_SISTEMAS_DE_GESTAO_AMBIENTAL_EM/links/5461efda0cf27487b453cd5d/PERCEPCAO-DO-IMPACTO-DE-SISTEMAS-DE-GESTAO-AMBIENTAL-EM.pdf
https://www.researchgate.net/profile/Klaus-Sautter-2/publication/264870436_PERCEPCAO_DO_IMPACTO_DE_SISTEMAS_DE_GESTAO_AMBIENTAL_EM/links/5461efda0cf27487b453cd5d/PERCEPCAO-DO-IMPACTO-DE-SISTEMAS-DE-GESTAO-AMBIENTAL-EM.pdf
https://www.researchgate.net/profile/Klaus-Sautter-2/publication/264870436_PERCEPCAO_DO_IMPACTO_DE_SISTEMAS_DE_GESTAO_AMBIENTAL_EM/links/5461efda0cf27487b453cd5d/PERCEPCAO-DO-IMPACTO-DE-SISTEMAS-DE-GESTAO-AMBIENTAL-EM.pdf


Adv Environ Eng Res 2025; 6(2), doi:10.21926/aeer.2502018 
 

Page 17/20 

30. Lizzi GD, Collazzo R, Capra E, Lazzarini R, Goi D. The environmental management system in a 

health structure: The case study of ORC-Aviano (Italy). Open Waste Manage J. 2017; 10: 1-12. 

31. Ross J, Penesis J, Badrick T. Improving laboratory economic and environmental performance by 

the implementation of an environmental management system. Accredit Qual Assur. 2019; 24: 

319-327. 

32. Seifert C, Damert M, Guenther E. Environmental management in German hospitals-a 

classification of approaches. Sustainability. 2020; 12: 4428. 

33. Seifert C. The barriers for voluntary environmental management systems-The case of EMAS in 

hospitals. Sustainability. 2018; 10: 1420. 

34. Cesar RG. Internal environmental diagnosis aiming at the future implementation of an 

environmental management system at CETEM [Internet]. Rio de Janeiro, Brazil: CETEM/MC; 

2004. Available from: http://mineralis.cetem.gov.br/handle/cetem/804.  

35. Romero I, Carnero MC. Environmental assessment in health care organizations. Environ Sci 

Pollut Res. 2019; 26: 3196-3207. 

36. Epelbaum M. The influence of environmental management on competitiveness and business 

success. São Paulo, Brazil: Universidade de São Paulo; 2004. 

37. da Silveira EPA, Zanchin J. PGRSS de um hospital público de florianópolis: Atendimento aos 

requisitos legais ou responsabilidade social corporativa da instituição? Manage Social Stud. 

2017; 3: 57-67. 

38. Agência Nacional de Vigilância Sanitária. Resolution of the Collegiate Board - RDC No. 222, 

dated March 28, 2018, regulates Good Practices for the Management of Health Services Waste 

and provides other measures (In Portuguese). [Internet]. Diário Oficial da União; 2018. Available 

from: https://bvsms.saude.gov.br/bvs/saudelegis/anvisa/2018/rdc0222_28_03_2018.pdf.  

39. Windfeld ES, Brooks MS. Medical waste management-A review. J Environ Manage. 2015; 163: 

98-108. 

40. Azmal M, Kalhor R, Dehcheshmeh NF, Goharinezhad S, Heidari ZA, Farzianpour F. Going toward 

green hospital by sustainable healthcare waste management: Segregation, treatment and safe 

disposal. Health. 2014; 6: 2632-2640. 

41. Schneider VE, Stedile NL, Bigolin M, Paiz JC. Sistema de informações gerenciais (SIG): 

Ferramenta de monitoramento do gerenciamento de resíduos de serviços de saúde (RSS) e dos 

custos de tratamento. Rev Gest Ambient Sus. 2013; 2: 166-188. 

42. Nichols A, Grose J, Bennallick M, Richardson J. Sustainable healthcare waste management: A 

qualitative investigation of its feasibility within a county in the south west of England. J Infect 

Prev. 2013; 14: 60-64. 

43. Sherman JD, Thiel C, MacNeill A, Eckelman MJ, Dubrow R, Hopf H, et al. The green print: 

Advancement of environmental sustainability in healthcare. Resour Conserv Recycl. 2020; 161: 

104882. 

44. Borges de Oliveira K, de Oliveira OJ. Making hospitals sustainable: Towards greener, fairer and 

more prosperous services. Sustainability. 2022; 14: 9730. 

45. Senay E, Landrigan PJ. Assessment of environmental sustainability and corporate social 

responsibility reporting by large health care organizations. JAMA Netw Open. 2018; 1: e180975. 

46. Kumar R, Somrongthong R, Ahmed J. Impact of waste management training intervention on 

knowledge, attitude and practices of teaching hospital workers in Pakistan. Pak J Med Sci. 2016; 

32: 705-710. 

http://mineralis.cetem.gov.br/handle/cetem/804
https://bvsms.saude.gov.br/bvs/saudelegis/anvisa/2018/rdc0222_28_03_2018.pdf


Adv Environ Eng Res 2025; 6(2), doi:10.21926/aeer.2502018 
 

Page 18/20 

47. Anozie OB, Lawani LO, Eze JN, Mamah EJ, Onoh RC, Ogah EO, et al. Knowledge, attitude and 

practice of healthcare managers to medical waste management and occupational safety 

practices: Findings from Southeast Nigeria. J Clin Diagn Res. 2017; 11: IC01-IC04. 

48. Assemu DM, Tafere TE, Gelaw YM, Bantie GM. Healthcare waste management practice and 

associated factors among private and public hospitals of Bahir Dar City administration. J Environ 

Public Health. 2020; 2020: 7837564. 

49. Mekonnen B, Solomon N, Wondimu W. Healthcare waste status and handling practices during 

COVID‐19 pandemic in Tepi General Hospital, Ethiopia. J Environ Public Health. 2021; 2021: 

6614565. 

50. Molero A, Calabrò M, Vignes M, Gouget B, Gruson D. Sustainability in healthcare: Perspectives 

and reflections regarding laboratory medicine. Ann Lab Med. 2021; 41: 139-144. 

51. Aduan SA, Braga FD, Zandonade E, Salles D, Cussiol NA, Lange LC. Avaliação dos resíduos de 

serviços de saúde do Grupo A em hospitais de Vitória (ES), Brasil. Eng Sanit Ambient. 2014; 19: 

133-141. 

52. Rasheed FN, Walraven G. Cleaning up plastics in healthcare waste: The transformative potential 

of leadership. BMJ Innov. 2023; 9. doi: 10.1136/bmjinnov-2022-000986. 

53. Aung TS, Luan S, Xu Q. Application of multi-criteria-decision approach for the analysis of medical 

waste management systems in Myanmar. J Clean Prod. 2019; 222: 733-745. 

54. Miamiliotis AS, Talias MA. Healthcare workers’ knowledge about the segregation process of 

infectious medical waste management in a hospital. Healthcare. 2023; 12: 94. 

55. Adu RO, Gyasi SF, Essumang DK, Otabil KB. Medical waste‐sorting and management practices 

in five hospitals in Ghana. J Environ Public Health. 2020; 2020: 2934296. 

56. Sisinno CL, Moreira JC. Ecoeficiência: Um instrumento para a redução da geração de resíduos e 

desperdícios em estabelecimentos de saúde. Cad Saúde Púb. 2005; 21: 1893-1900. 

57. Askarian M, Heidarpoor P, Assadian O. A total quality management approach to healthcare 

waste management in Namazi Hospital, Iran. Waste Manage. 2010; 30: 2321-2326. 

58. Nwankwo C. Knowledge and practice of waste management among hospital cleaners. Occup 

Med. 2018; 68: 360-363. 

59. Gonibeedu V, Sundar M, Santhosh HC, Mallikarjuna Swamy D. Outcome of biomedical waste 

management training among staff nurses of primary health centers of Hassan district. Int Q 

Community Health Educ. 2021; 41: 349-353. 

60. Sousa AN. Monitoring and evaluation in primary care in Brazil: Recent experience and 

challenges for its consolidation. Saúde Debate. 2018; 42: 289-301. 

61. Delevati DD, Castro MM, Ries EF, Bayer VM, Rocha VM. Desafios na gestão de resíduos de 

estabelecimentos de saúde públicos perante a RDC 222/18. Saúde Debate. 2020; 43: 190-199. 

62. Shiferaw Y, Abebe T, Mihret A. Sharps injuries and exposure to blood and bloodstained body 

fluids involving medical waste handlers. Waste Manage Res. 2012; 30: 1299-1305. 

63. Blenkharn JI, Odd C. Sharps injuries in healthcare waste handlers. Ann Occup Hyg. 2008; 52: 

281-286. 

64. Müller K, Holmes A, Deurer M, Clothier BE. Eco-efficiency as a sustainability measure for 

kiwifruit production in New Zealand. J Clean Prod. 2015; 106: 333-342. 

65. Pimenta AC, Paixão S, Neves AC, Mol MP. Healthcare waste management as a tool for human 

health protection: A mini review. Res Soc Dev. 2022; 11: e24311225203. 



Adv Environ Eng Res 2025; 6(2), doi:10.21926/aeer.2502018 
 

Page 19/20 

66. Hussain M, Malik M, Al Neyadi HS. AHP framework to assist lean deployment in Abu Dhabi 

public healthcare delivery system. Bus Process Manage J. 2016; 22: 546-565. 

67. Geissdoerfer M, Savaget P, Bocken NM, Hultink EJ. The circular economy-A new sustainability 

paradigm? J Clean Prod. 2017; 143: 757-768. 

68. Mahjoob A, Alfadhli Y, Omachonu V. Healthcare waste and sustainability: Implications for a 

circular economy. Sustainability. 2023; 15: 7788. 

69. Zamparas M, Kapsalis VC, Kyriakopoulos GL, Aravossis KG, Kanteraki AE, Vantarakis A, et al. 

Medical waste management and environmental assessment in the Rio University Hospital, 

Western Greece. Sustain Chem Pharm. 2019; 13: 100163. 

70. Boltic Z, Ruzic N, Jovanovic M, Savic M, Jovanovic J, Petrovic S. Cleaner production aspects of 

tablet coating process in pharmaceutical industry: Problem of VOCs emission. J Clean Prod. 

2013; 44: 123-132. 

71. van Straten B, Dankelman J, Van der Eijk A, Horeman T. A circular healthcare economy; a 

feasibility study to reduce surgical stainless steel waste. Sustain Prod Consum. 2021; 27: 169-

175. 

72. Kirchherr J, Reike D, Hekkert M. Conceptualizing the circular economy: An analysis of 114 

definitions. Resour Conserv Recycl. 2017; 127: 221-232. 

73. Mao K, Zhu Y, Zhao Z, Shan Y. Authoritarian environmentalism and environmental regulation 

enforcement: A case study of medical waste crime in northwestern China. In: Routledge 

International Handbook of Green Criminology. London, UK: Routledge; 2020. pp. 382-400. 

74. Mihai FC. Assessment of COVID-19 waste flows during the emergency state in Romania and 

related public health and environmental concerns. Int J Environ Res Public Health. 2020; 17: 

5439. 

75. Liao CJ, Ho CC. Risk management for outsourcing biomedical waste disposal-using the failure 

mode and effects analysis. Waste Manage. 2014; 34: 1324-1329. 

76. Schiavi CS, Soares HM, Silva TN. Sustainable innovation and leadership in the treatment of 

medical waste in Porto Alegre/RS. Rev Adm UFSM. 2021; 14: 1010-1031. 

77. Fundação Estadual do Meio Ambiente. Panorama da Destinação dos Resíduos de Serviços de 

Saúde no Estado de Minas Gerais com base nas Declarações da Gestão dos Resíduos de Serviços 

de Saúde (Ano Base 2013) [Internet]. João Paulo, Brazil: Fundação Estadual do Meio Ambiente; 

2013. Available from: https://feam.br/w/panorama-da-destinacao-dos-residuos-de-servicos-

de-saude-no-estado-de-minas-gerais-com-base-nas-declaracoes-da-gestao-dos-residuos-de-

servicos-de-saude-ano-base-2013-?p_l_back_url=%2Fbusca%3Fdelta%3D60%26start%3D8. 

78. Gomes Mol MP, de Menezes Cussiol NA, Heller L. Disposal of medical wastes (A4 subgroup): 

Evidence-based or intuitive policy? Eng Sanit Ambient. 2017; 22: 1037-1041. 

79. Kenny C, Priyadarshini A. Review of current healthcare waste management methods and their 

effect on global health. Healthcare. 2021; 9: 284. 

80. Ghasemi MK, Yusuff RB. Advantages and disadvantages of healthcare waste treatment and 

disposal alternatives: Malaysian scenario. Pol J Environ Stud. 2016; 25: 17-25. 

81. Thind PS, Sareen A, Singh DD, Singh S, John S. Compromising situation of India’s bio-medical 

waste incineration units during pandemic outbreak of COVID-19: Associated environmental-

health impacts and mitigation measures. Environ Pollut. 2021; 276: 116621. 

https://feam.br/w/panorama-da-destinacao-dos-residuos-de-servicos-de-saude-no-estado-de-minas-gerais-com-base-nas-declaracoes-da-gestao-dos-residuos-de-servicos-de-saude-ano-base-2013-?p_l_back_url=%2Fbusca%3Fdelta%3D60%26start%3D8
https://feam.br/w/panorama-da-destinacao-dos-residuos-de-servicos-de-saude-no-estado-de-minas-gerais-com-base-nas-declaracoes-da-gestao-dos-residuos-de-servicos-de-saude-ano-base-2013-?p_l_back_url=%2Fbusca%3Fdelta%3D60%26start%3D8
https://feam.br/w/panorama-da-destinacao-dos-residuos-de-servicos-de-saude-no-estado-de-minas-gerais-com-base-nas-declaracoes-da-gestao-dos-residuos-de-servicos-de-saude-ano-base-2013-?p_l_back_url=%2Fbusca%3Fdelta%3D60%26start%3D8


Adv Environ Eng Res 2025; 6(2), doi:10.21926/aeer.2502018 
 

Page 20/20 

82. Puška A, Stević Ž, Pamučar D. Evaluation and selection of healthcare waste incinerators using 

extended sustainability criteria and multi-criteria analysis methods. Environ Dev Sustain. 2022; 

24: 11195-11225. 

83. Münnich K, Mahler CF, Fricke K. Pilot project of mechanical-biological treatment of waste in 

Brazil. Waste Manage. 2006; 26: 150-157. 

84. Montejo C, Tonini D, del Carmen Márquez M, Astrup TF. Mechanical-biological treatment: 

Performance and potentials. An LCA of 8 MBT plants including waste characterization. J Environ 

Manage. 2013; 128: 661-673. 

85. Trulli E, Ferronato N, Torretta V, Piscitelli M, Masi S, Mancini I. Sustainable mechanical biological 

treatment of solid waste in urbanized areas with low recycling rates. Waste Manage. 2018; 71: 

556-564. 

86. Vimieiro GV, Lange LC. Proposal for an operational performance indicator to evaluate sorting 

and composting plants for municipal solid waste. Int J Environ Waste Manage. 2015; 15: 114-

129. 

87. Maresca A, Bisinella V, Astrup TF. Life cycle assessment of air-pollution-control residues from 

waste incineration in Europe: Importance of composition, technology and long-term leaching. 

Waste Manage. 2022; 144: 336-348. 

88. Block C, Van Caneghem J, Van Brecht A, Wauters G, Vandecasteele C. Incineration of hazardous 

waste: A sustainable process? Waste Biomass Valoriz. 2015; 6: 137-145. 

89. Prüss A, Giroult E, Rushbrook P. Safe management of wastes from health-care activities. Geneva, 

Switzerland: World Health Organization; 1999. 

90. Shi H, Liu HC, Li P, Xu XG. An integrated decision making approach for assessing healthcare 

waste treatment technologies from a multiple stakeholder. Waste Manage. 2017; 59: 508-517. 

91. Li H, Li J, Zhang Z, Cao X, Zhu J, Chen W. Establishing an interval-valued fuzzy decision-making 

method for sustainable selection of healthcare waste treatment technologies in the emerging 

economies. J Mater Cycles Waste Manage. 2020; 22: 501-514. 

92. Biswas A, Gazi KH, Sankar PM, Ghosh A. A decision-making framework for sustainable highway 

restaurant site selection: AHP-TOPSIS approach based on the fuzzy numbers. Spectrum Oper 

Res. 2025; 2: 1-26. 


