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Abstract 
 
Poor management of health care waste (HCW) is still recurrent in developing countries, as HCW control thought legislation is recent 
in many of these countries. One challenging factor that contributes to this is the lack of representative quantification of HCW 
generation. This kind of indicator is important, principally for hospitals as significant HCW generator, in order to obtain a better 
waste management. In this context, the aim of this study is proposing a quantitative estimation of HCW generated by Brazilian 
hospitals, through a literature review. This review compiled published studies that reported rates of HCW generated by Brazilian 
hospitals. This data was analyzed according to Brazilian location, time period, and hospital specialty. Statistical evaluations were 
performed using Kruskal-Wallis and Mann-Whitney tests with a significance level of 5% (α = 0.05). A total of 49 studies were 
found within the inclusion criteria, reporting 145 different waste generations by Brazilian hospitals. The mean of generation 
estimated was 2.97 (2.57 - 3.42) kg.bed-1.day-1; 0.99 (0.82 - 1.18) kg.bed-1.day-1; 0.14 (0.09 - 0.21) kg.bed-1.day-1 for, respectively, 
total HCW, infectious waste and sharp waste. In the data analysis, it was found significant increase in the number of infectious 
wastes generated between 2000-2009 and 2010-2019. Generation rate between Brazilian regions showed that Central-West and 
North values showed a marginal difference. While, HCW generation rates per hospital specialization did not show any significant 
differences. These new rates, although still within some margins previously reported, shows that the HCW generation in Brazilian 
hospitals is higher than estimated previously data.  
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1. Introduction 
 

The healthcare waste (HCW) management, due 
to the risks involved, represents a challenge for 
establishments that generate this waste. Many authors 
report that HCW denotes high risk to public health and 
for the environment, when incorrectly handled, since 
they are potentially contaminated by pathogenic 
microorganisms or chemicals substances (Anvisa, 
2006; Ansari et al., 2019; Busnello et al., 2011; 
Colesanti and Castro, 2007; Shanmugasundaram et al., 
2012; WHO, 2018). Among the HCW generators, 
hospitals are the greatest responsible for waste 
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production when compared to other healthcare 
facilities. Also, there are aspects that contribute to the 
growth in HCW generation in hospitals, such as the 
continuous increase in the complexity of medical care 
and the high use of disposable materials (Cheng et al., 
2009; Hossain and Alam, 2013; Jovanović et al., 2016; 
Pruss et al., 1999; Sisinno and Moreira, 2005; 
Stankovic et al., 2008; Teixeira et al., 2018). 

According to some authors, segregation at the 
source of generation could minimize the amount of 
potentially contaminated materials that would be 
incorrectly treated or disposed, and consequently, 
reduce finance expenses (Abdulla et al., 2008; Salkin, 



 
Ribeiro et al./Environmental Engineering and Management Journal 19 (2020), 7, 1143-1156 

 

 1144

2001; Tudor et al., 2009). To achieve this 
minimization, it is mandatory periodical training for 
employees, principally with those workers who have 
direct contact with HCW. 

As shown by Ali et al. (2007), in many 
countries the legislation linked to HCW is still a recent 
progress, in terms of health and environment 
protection. Therefore, inefficient approaches are still 
present in phases of implementation and execution of 
these legislations, and therefore the inadequate 
handling of this waste can generate negative health 
and environmental impacts. Usually legislations 
around the world categorize HCW in non-hazardous 
waste that has similar characteristics to domestic 
waste; and hazardous waste, subdivided by WHO 
(2018) as infectious, pathological, sharps, chemical, 
pharmaceutical, cytotoxic, and radioactive waste. 

In Brazil, the current legislation on HCW is the 
ANVISA Resolution number 222/2018 (Brasil, 2018), 
where healthcare waste is classified into five groups: 
group A (waste with potential presence of infectious 
agents which, due to their characteristics, may present 
a risk of infection); group B (wastes containing 
chemicals that are hazardous to public health or the 
environment, depending on their characteristics); 
group C (radioactive waste, regulated by the National 
Commission of Nuclear Energy); group D (waste 
which does not pose an infectious, chemical or 
radiological risks); group E (piercing or scarifying 
materials such as: needles, scalps, glass ampules, 
drills, lancets, blades and coverslips, spatulas, blood 
collection tubes, Petri dishes and lab broken glass or 
similar). In the literature, there are still few studies 
proposing a quantitative evaluating of HCW 
generation in hospitals around the world, and available 
studies focus on the general information about HCW 
management in hospitals (Minoglou et al., 2017; 
Minoglou and Komilis, 2018; Patwary et al., 2009). In 
the Brazilian context, studies regarding the HCW 
management and qualitative analysis of the workers 
perception of HCW in hospitals are more commonly 
discussed (Pinheiro et al., 2016; Rosa, 2016; Silva et 
al., 2014; Silva et al., 2015; Spindola and Moura, 
2017). 

Thus, indicating that in developing countries 
there is a lack of reliable information about waste 
generation and availability of appropriated services to 
treat and dispose these wastes (Mmereki et al., 2016; 
Naime et at., 2006). In Brazil, healthcare waste 
generators need to report their estimated quantitative 
waste generation to the Sanitary Regulatory Agency, 
but this data is not public available neither is discussed 
in a larger scientific scenario. Consequently, HCW 
generation is evaluated only locally, therefore little is 
known about the country’s current state of HCW’s 
generation. Although there are studies discussing the 
quantitative of HCW generation in Brazilian hospitals, 
they are still scare in the literature. It is hoped that, 
through a review in the literature, it will be possible to 
generate a representative estimation of HCW 
generation by Brazilian hospitals. Considering the 
lack of knowledge in this topic, this study aims to 

present a quantitative estimation of HCW generated in 
Brazilian hospitals, through a review in the literature 
compiling published studies that reported rates of 
HCW generation.  

 

2. Material and methods 
 
A literature review was performed searching 

for published papers until December of 2019. As main 
criteria to a study be included, it was considered 
papers that reported the generation rate of total, 
infectious and sharps waste in Brazilian hospitals. So, 
a country estimation of waste generation could be 
established. The Google Scholar database was utilized 
in the proposed search for papers, through following 
keywords: hospital; generation; Brazil; “healthcare 
waste” OR “medical waste” OR “biological waste”. 
Studies published in English or Portuguese were 
considered for inclusion in this review.  

Those studies found that did not reported any 
waste generation or the number of hospital beds were 
discarded. Those papers within the inclusion criteria, 
the HCW was analyzed according to the category of 
waste reported. Since some studies that did not clarify 
the classification of the reported waste, these were 
considered as the total of HCW being generated in the 
local of their study. Also, all waste generation found 
was standardized to kg.bed-1.day-1. For those studies 
that presented the waste generation in liters, it was 
assumed the density for group A (infectious) and B 
(chemicals) as 100 kg.m-3, group D (similar to 
domestic) as 150 kg.m-3 and group E (sharps) as 200 
kg.m-3, as suggested by Belo Horizonte (2011). 
Additionally, it was a customary practice of some 
studies to combine sharp with infectious wastes and 
presented only the total of HCW generated. Therefore, 
as presented by the study, when only infectious waste 
was reported it was considered as Total HCW 
generated in the respective hospital.  

The gathered data, from the studies within the 
proposed criteria, were evaluated according to the 
Brazilian location, the time period, the hospital 
specialty, the number of beds and the wastes rates. 
Allowing a descriptive statistical analysis was 
performed including sample number, arithmetic mean, 
standard deviation, upper and inferior limit though 
bootstrap, minimum and maximum value and median. 
The normality test adopted was Shapiro-Wilk, and the 
non-parametric Kruskal-Wallis test was used with 
post-hoc by Nemenyi or Wilcoxon signed-rank test, 
when necessary. The significance level adopted was 
5% (α = 0.05). The Software R (version 3.4.5) was 
used for these analyses. It was evaluated the waste 
generation per hospital specialty, wastes groups, 
period before and after 2010, and regional areas. 

 

3. Results 
 

Forty-nine studies met the inclusion criteria, 
reporting a total of 145 measurements of HCW 
generation in Brazilian hospitals within 17 different 
Brazilian states and 35 cities. Those reports were 
compiled in Table 1. 
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Table 1. Sources found reporting HCW generation in Brazilian hospitals by region and specialty, ordered by year of study 

 

Source Year Region Beds Type 
HCW generation (kg.bed-1.day-1)

Group A Group E Total 

Cussiol et al. (2000) 
From 2000 to 

2009 
Southeast 157 General 0.96 NA 2.38 

Mattoso and Schalch (2001) 
From 2000 to 

2009 
Southeast 400 General 0.24 0.01 0.97 

Schneider et al. (2004)  
From 2000 to 

2009 
South 170 General 0.65 NA 2.56 

Da Silva et al. (2005) 
From 2000 to 

2009 
South 5 General 1.84 NA 4.84 

Da Silva et al. (2005) 
From 2000 to 

2009 
South 8 General 0 NA 0.57 

Da Silva et al. (2005) 
From 2000 to 

2009 
South 9 General 2.56 NA 7.33 

Da Silva et al. (2005) 
From 2000 to 

2009 
South 14 General 6.99 NA 11.81 

Da Silva et al. (2005) 
From 2000 to 

2009 
South 15 General 0.03 NA 0.31 

Da Silva et al. (2005) 
From 2000 to 

2009 
South 16 General 0.03 NA 1.15 

Da Silva et al. (2005) 
From 2000 to 

2009 
South 17 General 1.11 NA 1.99 

Da Silva et al. (2005) 
From 2000 to 

2009 
South 23 General 0.43 NA 2.61 

Da Silva et al. (2005) 
From 2000 to 

2009 
South 32 General 0.23 NA 0.38 

Da Silva et al. (2005) 
From 2000 to 

2009 
South 46 General 0.08 NA 5.29 

Da Silva et al. (2005) 
From 2000 to 

2009 
South 52 General 0.1 NA 0.19 

Da Silva et al. (2005) 
From 2000 to 

2009 
South 55 General 0.01 NA 1.65 

Da Silva et al. (2005) 
From 2000 to 

2009 
South 57 General 0.39 NA 0.44 

Da Silva et al. (2005) 
From 2000 to 

2009 
South 66 General 0.45 NA 3.79 

Da Silva et al. (2005) 
From 2000 to 

2009 
South 71 General 0.49 NA 2.49 

Da Silva et al. (2005) 
From 2000 to 

2009 
South 178 General 0.45 NA 0.9 

Da Silva et al. (2005) 
From 2000 to 

2009 
South 220 General 0.52 NA 1.34 

Da Silva et al. (2005) 
From 2000 to 

2009 
South 252 General 0.63 NA 10.11 

Da Silva et al. (2005) 
From 2000 to 

2009 
South 311 General 0.68 NA 1.64 

Fonseca et al. (2005) 
From 2000 to 

2009 
Northeast 82 General 0.21 NA 1.09 

Fonseca et al. (2005) 
From 2000 to 

2009 
Northeast 121 Maternity 0.22 NA 1.23 

Fonseca et al. (2005) 
From 2000 to 

2009 
Northeast 193 General 0.01 NA 0.28 

Fonseca et al. (2005) 
From 2000 to 

2009 
Northeast 30 General 0.39 0.04 1.8 

Fonseca et al. (2005) 
From 2000 to 

2009 
Northeast 25 Maternity 0.24 NA 1.44 

Fonseca et al. (2005) 
From 2000 to 

2009 
Northeast 200 General 0.05 NA 0.45 

Fonseca et al. (2005) 
From 2000 to 

2009 
Northeast 150 General 0.09 NA 0.48 

Fonseca et al. (2005) 
From 2000 to 

2009 
Northeast 255 General 0.07 NA 0.56 

Fonseca et al. (2005) 
From 2000 to 

2009 
Northeast 40 General 0.04 NA 0.59 
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Fonseca et al. (2005) 
From 2000 to 

2009 
Northeast 18 Hospital Complex 0.86 NA 2.53 

Fonseca et al. (2005) 
From 2000 to 

2009 
Northeast 220 General 0.36 NA 5.36 

Fonseca et al. (2005) 
From 2000 to 

2009 
Northeast 113 General 0.8 NA 1.24 

Caetano and Gomes (2006) 
From 2000 to 

2009 
South 159 Hospital Complex 0.8 0.22 1.6 

Leite (2006) 
From 2000 to 

2009 
Southeast 164 General 0.72 NA 3.79 

Oliveira (2006) 
From 2000 to 

2009 
Northeast 245 Hospital Complex 0.06 NA 3.98 

Coelho (2007) 
From 2000 to 

2009 
Central-West 635 Intensive Care NA NA 2.9 

Coelho (2007) 
From 2000 to 

2009 
Central-West 204 General NA NA 14.17 

Coelho (2007) 
From 2000 to 

2009 
Central-West 383 General NA NA 4.36 

Gil (2007) 
From 2000 to 

2009 
Southeast 201 Hospital Complex 0.07 0.05 1.21 

Melo (2007) 
From 2000 to 

2009 
Central-West 289 Teaching Hospital NA NA 2.74 

Nagashima et al. (2007) 
From 2000 to 

2009 
South 114 Teaching Hospital 1.6 0.13 3.27 

Camacho (2008) 
From 2000 to 

2009 
Northeast 314 Teaching Hospital NA NA 0.81 

Dutra (2009) 
From 2000 to 

2009 
Central-West 400 Hospital Complex NA NA 4.27 

Tramontini (2009) 
From 2000 to 

2009 
South 522 Hospital Complex 0.54 NA 0.54 

Tramontini (2009) 
From 2000 to 

2009 
South 192 Hospital Complex 0.35 NA 8.2 

Tramontini (2009) 
From 2000 to 

2009 
South 66 General 0.23 0.01 1.06 

Valadares (2009) 
From 2000 to 

2009 
Southeast 25 General 0.23 NA 0.23 

Valadares (2009) 
From 2000 to 

2009 
Southeast 45 General 0.48 NA 0.48 

Valadares (2009) 
From 2000 to 

2009 
Southeast 97 General 0.37 NA 0.37 

Valadares (2009) 
From 2000 to 

2009 
Southeast 76 General 0.23 NA 0.23 

Valadares (2009) 
From 2000 to 

2009 
Southeast 62 General 0.14 NA 0.14 

Lemos et al. (2010) 
From 2000 to 

2009 
Northeast 180 General 0.01 NA 0.11 

Lemos et al. (2010) 
From 2000 to 

2009 
Northeast 437 General 0.1 NA 0.78 

Lemos et al. (2010) 
From 2000 to 

2009 
Northeast 76 General 0.43 NA 0.59 

Lemos et al. (2010) 
From 2000 to 

2009 
Northeast 248 General 0.45 NA 2.51 

Lemos et al. (2010) 
From 2000 to 

2009 
Northeast 238 General 1.36 NA 2.81 

Lemos et al. (2010) 
From 2000 to 

2009 
Northeast 276 General 1.35 NA 2.98 

Lemos et al. (2010) 
From 2000 to 

2009 
Northeast 306 General 0.9 NA 3.51 

Lemos et al. (2010) 
From 2000 to 

2009 
Northeast 370 General 2.49 NA 4.07 

Lemos et al. (2010) 
From 2000 to 

2009 
Northeast 220 General 0.44 NA 1.85 

Lemos et al. (2010) 
From 2000 to 

2009 
Northeast 416 General 3 NA 4.4 

Lemos et al. (2010) 
From 2000 to 

2009 
Northeast 118 General 1.01 NA 4.82 
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Lemos et al. (2010) 
From 2000 to 

2009 
Northeast 57 General 2.22 NA 5.26 

Lemos et al. (2010) 
From 2000 to 

2009 
Northeast 61 General 1.63 NA 4.13 

Lemos et al. (2010) 
From 2000 to 

2009 
Northeast 246 General 1.81 NA 6.67 

Lemos et al. (2010) 
From 2000 to 

2009 
Northeast 150 General 0.95 NA 9.08 

Oliveira (2010) 
From 2000 to 

2009 
Northeast 102 Hospital Complex 0.39 0.07 1.39 

Pugliesi (2010) 
From 2000 to 

2009 
Northeast 332 Maternity 0.71 0.05 2.09 

Araújo (2011) 
From 2010 to 

2019 
Southeast 462 Intensive Care 0.11 NA 4.16 

Ferber (2011) 
From 2010 to 

2019 
South 54 General 0.91 0.1 3.37 

Schneider et al. (2019) 
From 2010 to 

2019 
South 170 General 1.44 NA 5.97 

Tivirolli et al. (2012) 
From 2000 to 

2009 
Central-West 35 General NA NA 2.4 

Tivirolli et al. (2012) 
From 2000 to 

2009 
Central-West 240 Intensive Care NA NA 4.8 

Tivirolli et al. (2012) 
From 2000 to 

2009 
Central-West 343 Intensive Care NA NA 4.7 

Kopp et al. (2013) 
From 2010 to 

2019 
Southeast 186 Hospital Complex 1.41 NA 4.26 

Kopp et al. (2013) 
From 2010 to 

2019 
Southeast 208 General 3.49 NA 6.97 

Kopp et al. (2013) 
From 2010 to 

2019 
Southeast 330 Hospital Complex 1.35 0.13 5 

Oliveira et al. (2013) 
From 2010 to 

2019 
South 80 Hospital Complex 0.5 0.29 1.98 

Valério e Castanheira (2013)
From 2010 to 

2019 
South 159 Intensive Care 0.99 NA 6.82 

Adual et al. (2014) 
From 2010 to 

2019 
Southeast 180 Teaching Hospital 5.34 NA 5.34 

Adual et al. (2014) 
From 2010 to 

2019 
Southeast 181 General 1.89 NA 1.89 

Adual et al. (2014) 
From 2010 to 

2019 
Southeast 86 General 2.16 NA 2.16 

Adual et al. (2014) 
From 2010 to 

2019 
Southeast 180 General 3.05 NA 3.05 

Adual et al. (2014) 
From 2010 to 

2019 
Southeast 183 General 1.37 NA 1.37 

Adual et al. (2014) 
From 2010 to 

2019 
Southeast 200 Teaching Hospital 2.25 NA 2.25 

Adual et al. (2014) 
From 2010 to 

2019 
Southeast 1010 General 2.86 NA 2.86 

Ferber (2014) 
From 2000 to 

2009 
South 208 Teaching Hospital 0.6 NA 0.6 

Ferber (2014) 
From 2000 to 

2009 
South 208 Teaching Hospital 0.56 NA 0.56 

Ferber (2014) 
From 2010 to 

2019 
South 208 Teaching Hospital 0.53 NA 0.53 

Ferber (2014) 
From 2010 to 

2019 
South 208 Teaching Hospital 0.47 NA 0.47 

Ferber (2014) 
From 2010 to 

2019 
South 208 Teaching Hospital 0.5 NA 0.5 

Ferber (2014) 
From 2010 to 

2019 
South 208 Teaching Hospital 0.51 NA 4.6 

Campos (2015) 
From 2010 to 

2019 
Southeast 337 Hospital Complex 0.89 0.89 2.97 

Campos (2015) 
From 2010 to 

2019 
Southeast 125 General 0.3 0.05 1.08 

Da Silva et al. (2015) 
From 2010 to 

2019 
South 360 Maternity 1.87 NA 5.3 
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Da Silva et al. (2015) 
From 2010 to 

2019 
South 360 Maternity 2.05 NA 6.33 

Da Silva et al. (2015) 
From 2010 to 

2019 
South 360 Maternity 2.14 NA 6.83 

Da Silva et al. (2015) 
From 2010 to 

2019 
South 360 Maternity 2.25 NA 7.04 

Gomes (2015) 
From 2010 to 

2019 
North 279 Hospital Complex 0.73 NA 1.04 

Gomes (2015) 
From 2010 to 

2019 
North 279 Hospital Complex 0.82 NA 1.2 

Gomes (2015) 
From 2010 to 

2019 
North 279 Hospital Complex 1.08 NA 1.53 

Gomes (2015) 
From 2010 to 

2019 
North 279 Hospital Complex 1.12 NA 1.68 

Gomes (2015) 
From 2010 to 

2019 
North 279 Hospital Complex 0.95 NA 1.46 

Maders and Cunha (2015) 
From 2010 to 

2019 
North 101 Intensive Care 2.2 0.24 6.99 

Moreira et al. (2015) 
From 2010 to 

2019 
Southeast 231 General 0.03 0.01 0.14 

André et al. (2016) 
From 2010 to 

2019 
Southeast 704 Teaching Hospital NA NA 7.33 

André et al. (2016) 
From 2010 to 

2019 
Southeast 25 Teaching Hospital NA 0.08 6 

André et al. (2016) 
From 2010 to 

2019 
Southeast 295 General NA 0.03 5.91 

André et al. (2016) 
From 2010 to 

2019 
Southeast 95 Teaching Hospital 1.81 NA 4.32 

André et al. (2016) 
From 2010 to 

2019 
Southeast 50 General 1.37 0.31 9.21 

André et al. (2016) 
From 2010 to 

2019 
Southeast 158 Teaching Hospital 3.44 0.28 6.94 

André et al. (2016) 
From 2010 to 

2019 
Southeast 130 Teaching Hospital 1.32 0.09 4.15 

André et al. (2016) 
From 2010 to 

2019 
Southeast 212 Teaching Hospital 0.96 NA 4.11 

André et al. (2016) 
From 2010 to 

2019 
Southeast 13 General 1.77 0.58 8.86 

André et al. (2016) 
From 2010 to 

2019 
Southeast 39 Maternity 0.77 0.05 3.6 

André et al. (2016) 
From 2010 to 

2019 
Southeast 41 General 0.52 0.11 4.54 

Rosa (2016) 
From 2010 to 

2019 
South 16 Intensive Care 0.47 NA 0.47 

Rosa (2016) 
From 2010 to 

2019 
South 131 Hospital Complex 0.49 NA 3.52 

Luczynski et al. (2018) 
From 2010 to 

2019 
North 236 Hospital Complex 0.57 NA 1.64 

Bastos (2017) 
From 2010 to 

2019 
North 100 Intensive Care 0.28 NA 1.18 

Oliveira (2017) 
From 2010 to 

2019 
Southeast 180 Intensive Care 0.56 NA 0.58 

Oliveira (2017) 
From 2010 to 

2019 
Southeast 180 Intensive Care 0.66 NA 0.68 

Oliveira (2017) 
From 2010 to 

2019 
Southeast 180 Intensive Care 0.86 NA 0.88 

Dias et al. (2017) 
From 2010 to 

2019 
South 307 Hospital Complex 0.83 0.1 4.15 

Franzosi (2017) 
From 2010 to 

2019 
South 60 General 0.61 0.13 1.25 

Franzosi (2017) 
From 2010 to 

2019 
South 20 General 1.07 0.04 1.76 

Franzosi (2017) 
From 2010 to 

2019 
South 34 General 1.35 0.07 3.11 

Franzosi (2017) 
From 2010 to 

2019 
South 43 General 0.44 0.03 0.82 
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Franzosi (2017) 
From 2010 to 

2019 
South 90 Hospital Complex 3.45 0.13 5.14 

Franzosi (2017) 
From 2010 to 

2019 
South 37 General 1.05 0.02 1.31 

Spindola and Moura (2017) 
From 2010 to 

2019 
South 1327 General 1.26 NA 4.51 

Casado (2018) 
From 2010 to 

2019 
South 54 General 0.09 0.03 0.54 

Kist et al. (2018) 
From 2010 to 

2019 
Southeast 131 General NA NA 0.47 

Pereira et al. (2018) 
From 2010 to 

2019 
North 300 Teaching Hospital NA NA 0.76 

Urioste et al. (2018) 
From 2010 to 

2019 
Southeast 200 General 1.5 NA 1.5 

Ferber et al. (2019) 
From 2010 to 

2019 
South 54 Hospital Complex 1.21 NA 4.12 

Ferber et al. (2019) 
From 2010 to 

2019 
South 178 Teaching Hospital 0.31 NA 1.82 

Ishida and Almeida (2019) 
From 2010 to 

2019 
North NA General 0.4 NA 0.4 

Ishida and Almeida (2019) 
From 2010 to 

2019 
North NA General 0.2 NA 0.2 

Ishida and Almeida (2019) 
From 2010 to 

2019 
North NA General 0.16 NA 0.16 

Ishida and Almeida (2019) 
From 2010 to 

2019 
North NA General 3.01 NA 3.01 

Message (2019) 
From 2010 to 

2019 
South 54 Teaching Hospital 0.39 0.09 3.45 

Santos et al. (2019) 
From 2010 to 

2019 
Southeast 509 Teaching Hospital 0.82 0.15 4.09 

Legend: Group A: infectious waste according to BRASIL (2018); Group E: sharp waste according to BRASIL (2018); NA: Not available  

 
The mean of total HCW generation was 2.97 

(2.57 - 3.42) kg.bed-1.day-1 considering all 145 
hospitals found in this review. As for infectious 
wastes, the mean was 0.99 (0.82 - 1.18) kg.bed-1.day-1 
in 131 hospitals, and sharps wastes showed the mean 
of 0.14 (0.09 - 0.21) kg.bed-1.day-1 for 33 hospitals. 
The difference in the number of hospitals for each 
HCW category is due to the lack of details reported in 
the studies available in the literature. 

Most of the studies found were performed 
between 2000 to 2009. For this period, the mean of the 
total generation of HCW was 2.75 (2.16 - 3.40) 
kg.bed-1.day-1 for 75 hospitals (Table 2). On the other 
hand, studies after 2010 presented a mean of total 
HCW generation 3.20 (2.68 - 3.80) kg.bed-1.day-1 for 
70 hospitals. For infectious wastes, generation range 
for period of 2000 to 2009 was 0.73 (0.51 - 1.00) 
kg.bed-1.day-1 for 66 hospitals, while for 2010 to 2019 
the range was 1.26 (1.01 - 1.51) kg.bed-1.day-1 for 65 
hospitals. Sharps objects had fewer studies reported 
and the waste generation range was 0.08 (0.03 - 0.13) 
for eight older studies and 0.16 (0.10 - 0.24) for 25 
more recent studies. Table 2 presented a quantitative 
description of HCW per period. 

It was also noted a generation increase over the 
years for all waste groups. However, a statistical 
significant difference between the periods was only 
observed for infectious waste. 

We also evaluated the HCW generation by 
waste group according to each type of hospital main 
service. Statistical differences were found (p 
value>0.05) only for sharps generation, as showed in 

Table 3. The range of HCW generation by hospital 
specialty was: General 2.82 (2.23 - 3.51) kg.bed-1.day-

1 in 83 studies; Hospital Complex 2.88 (2.16 - 3.64) 
kg.bed-1.day-1 in 22 studies; Intensive Care 3.11 (1.80 
- 4.50) kg.bed-1.day-1 in 11 studies; Maternity 4.23 
(2.71 - 5.70) kg.bed-1.day-1 in eight studies; Teaching 
3.08 (2.22 - 4.01) kg.bed-1.day-1 in 21 studies.  

The range of infectious waste generation 
according to the hospital specialization was: General 
0.95 (0.73 - 1.23) kg.bed-1.day-1 in 78 studies; Hospital 
Complex 0.88 (0.64 - 1.22) kg.bed-1.day-1 in 21 
studies; Intensive Care 0.77 (0.41 - 1.24) kg.bed-1.day-

1 in eight studies; Maternity 1.28 (0.75 - 1.85) kg.bed-

1.day-1 in eight studies; Teaching 1.34 (0.80 - 2.03) 
kg.bed-1.day-1 in 16 studies. While for sharps, few 
studies reported the waste generation for this specific 
group. The generation per hospital specialty was: 
General 0.10 (0.04 - 0.18) kg.bed-1.day-1 in 16 studies; 
Hospital Complex 0.24 (0.10 - 0.45) kg.bed-1.day-1 in 
eight studies; Intensive Care 0.24 kg.bed-1.day-1 for 
only one study; Maternity 0.05 kg.bed-1.day-1 in two 
studies; Teaching 0.14 (0.10 - 0.20) kg.bed-1.day-1 in 
six studies. It was found a marginal difference on 
sharps generation between the specialties General and 
Hospital Complex. 

In this review, all Brazilian regions were 
represented, as presented in Table 4. Still, most of the 
hospitals were in the Northeast and South regions. A 
marginal statistical difference in HCW generation was 
found between the Brazilian regions. The waste 
generation range per regions was: Central-West 5.04 
(3.21 - 7.72) kg.bed-1.day-1 for eight hospitals; North 
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1.64 (0.89 - 2.62) kg.bed-1.day-1 for 13 hospitals; 
Northeast 2.55 (1.82 - 3.29) kg.bed-1.day-1 for 31 
hospitals; South 3.07 (2.40 - 3.83) kg.bed-1.day-1 for 53 
hospitals; and Southeast 3.16 (2.36 - 3.99) kg.bed-

1.day-1 for 40 hospitals. These results were also 
presented in Fig. 1 where a Brazilian map indicated 
the healthcare waste generation per region. 

On the other hand, none significant differences 
were found for infectious waste and sharps. The 
infectious waste range generation per region was: 
Central-West 1.96 kg.bed-1.day-1 for one hospital; 

North 0.97 (0.65 - 1.36) kg.bed-1.day-1 for eight 
hospitals; Northeast 1.06 (0.76 - 1.39) kg.bed-1.day-1 
for 44 hospitals; South 1.51 (0.81 - 2.62) kg.bed-1.day-

1 for 46 hospitals; Southeast 1.77 (1.04 - 2.69) kg.bed-

1.day-1 for 22 hospitals. The generation of sharps 
wastes per region was: Central-West 0.30 kg.bed-

1.day-1 for one hospital; North 0.25 kg.bed-1.day-1 for 
one hospital; Northeast 0.14 (0.07 - 0.22) kg.bed-1.day-

1 for 11 hospitals; South 0.09 (0.05 - 0.13) kg.bed-

1.day-1 for 14 hospitals; Southeast 0.07 (0.01 - 0.15) 
kg.bed-1.day-1 for three hospitals. 

 
Table 2. Quantitative description of waste generation found per period (kg bed-1day-1) 

 
Group Period n Mean S.D. Min. Median Max. p-Value 

Total 
From 2000 to 2009 75 2.75 2.79 0.11 1.85 4.03 

0.09 
From 2010 to 2019 70 3.20 2.38 0.14 2.99 4.60 

A 
From 2000 to 2009 66 0.73 1.03 0.00 0.45 0.86 

<0.01 
From 2010 to 2019 65 1.26 1.02 0.03 0.96 1.77 

E 
From 2000 to 2009 8 0.07 0.07 0.01 0.05 0.10 

0.14 
From 2010 to 2019 25 0.16 0.20 0.01 0.10 0.15 

Legend: n: sample number; S.D.: standard deviation; Min.: minimum; Max.: maximum; p-Value for Mann Whitney test; bold: value below 0.05 
indicating significant difference; Group A: infectious waste according to BRASIL (2018); Group E: sharp waste according to BRASIL (2018) 

 
Table 3. HCW generation per hospital specialization (kg bed-1day-1) 

 
Group Specialty n Mean S.D. Min. Median Max. p-Value 

Total 

General 83 2.817 2.886 0.11 1.85 14.17 

0.26 
Hospital Complex 22 2.882 1.859 0.54 2.255 8.2 

Intensive Care 11 3.105 2.516 0.47 2.9 6.99 
Maternity 8 4.232 2.449 1.23 4.45 7.04 

Teaching Hospital 21 3.078 2.228 0.47 3.27 7.33 

A 

General 78 0.945 1.11 0 0.505 6.99 

0.33 
Hospital Complex 21 0.88 0.697 0.06 0.82 3.45 

Intensive Care 8 0.766 0.646 0.11 0.61 2.2 
Maternity 8 1.281 0.879 0.22 1.32 2.25 

Teaching Hospital 16 1.338 1.363 0.31 0.71 5.34 

E 

General 16 0.098 0.149 0.01 0.04 0.58 

0.04 
Hospital Complex 8 0.235 0.276 0.05 0.13 0.89 

Intensive Care 1 0.24 NA 0.24 0.24 0.24 
Maternity 2 0.05 0 0.05 0.05 0.05 

Teaching Hospital 6 0.137 0.075 0.08 0.11 0.28 
Legend: n: sample number; S.D.: standard deviation; Min.: minimum; Max.: maximum; Group A: infectious waste according to BRASIL (2018); 

Group E: sharp waste according to BRASIL (2018) 
 

Table 4. Quantitative description of HCW generation found per regional (kg bed-1day-1) 
 

Group Region n Mean S.D. Min. Median Max. p-Value 

Total 

Central-West 8 5.04 3.81 2.40 4.32 14.17 

0.06 
North 13 1.64 1.78 0.16 1.20 6.99 

Northeast 31 2.55 2.15 0.11 1.85 9.08 
South 53 3.07 2.73 0.19 1.99 11.81 

Southeast 40 3.16 2.51 0.14 2.92 9.21 

A 

Central-West NA NA NA NA NA NA 

0.10 
North 12 0.96 0.85 0.16 0.78 3.01 

Northeast 30 0.76 0.80 0.01 0.44 3.00 
South 53 0.94 1.11 0.00 0.54 6.99 

Southeast 36 1.29 1.18 0.03 0.93 5.34 

E 

Central-West NA NA NA NA NA NA 

0.45 
North 1 0.24 NA 0.24 0.24 0.24 

Northeast 3 0.05 0.02 0.04 0.05 0.07 
South 14 0.10 0.08 0.01 0.10 0.29 

Southeast 15 0.19 0.25 0.01 0.09 0.89 
Legend: n: sample number; S.D.: standard deviation; Min.: minimum; Max.: maximum; Group A: infectious waste according to BRASIL 

(2018); Group E: sharp waste according to BRASIL (2018) 
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Fig. 1. Brazilian map presenting the healthcare waste generation per region 
 

In order to clarify the marginal statistical 
difference, found in Table 4, post-hoc Nemenyi test 
was done and revealed a significant difference 
between North and Central-West, as shown in Table 
5. 

 
Table 5. p-Value for the post-hoc Nemenyi test between 

HCW generations per region 
 

Region Central-West North Northeast South
North 0.03 - - - 

Northeast 0.19 0.68 - - 
South 0.32 0.33 0.97 - 

Southeast 0.43 0.27 0.92 1.00 
 

4. Discussions 
 
In general, the generation of HCW is related to 

some factors such countries’ economic development, 
availability and complexity of the needed medical 
attention, number of patients, number of beds, types of 
medical facilities (Schneider et al., 2001). Usually in 
developed countries, a higher rate of HCW generation 
is expected due to the accessibility of more 
technologies, where there has been an increased usage 
of disposable and individual use items in medical care 
to minimalize risk of infection (Vaccari et al., 2018).  

The generation presented by Andre et al. 
(2016) shows an average generation from 7 to 10 
kg.bed-1.day-1 for North America, 3 to 6 kg.bed-1.day-

1 for Western Europe and 1 to 4.5 kg.bed-1.day-1 for 
Latin America. Specifically, for Brazil, in a study by 
Formaggia (1995), the estimation found was 1.20 to 
3.50 kg.bed-1.day-1. In this study, the HCW generation 
by Brazilian hospitals was 2.97 (2.57 - 3.42), within 
the previously margin for Latin America and 
resembling the high limit according to Formaggia 
(1995). Within Latin America, few studies discussed 
the HCW generation tax in hospitals. In an older 

Uruguayan report presented in a study by Ramírez et 
al. (2017), it was possible to see that the HCW tax 
estimated for Brazil, is within the generation margin, 
as for Venezuela (2.56-3.71 kg.bed-1.day-1), Argentina 
(0.82-4.2 kg.bed-1.day-1) and Uruguay (3 – 4.5 kg.bed-

1.day-1), whereas for Chile (0.97 – 1.21 kg.bed-1.day-1) 
and Peru (1.6 – 6 kg.bed-1.day-1). 

The waste generation tax found for Brazil in 
our study differed from those reported in Asia, while 
in Iran ranged from 2.3 until 4.45 kg.bed-1.day-1 
considering studies by Arab et al. (2008) and Askarian 
et al. (2004). Brazilian HCW generation results was 
still higher than the HCW generation reported in 
China (0.59 - 0.79 kg.bed-1.day-1), India (0.08 - 1.04 
kg.bed-1.day-1) and Turkey (0.28 - 0.82 kg.bed-1.day-1) 
(Ali et al. 2017; Hadipour et al. 2014; Onursal 2003; 
Uysal 2004; Zhang et al. 2013). 

The HCW generation in Brazil is similar to few 
European countries as United Kingdom and France 
with 3.3 kg.bed-1.day-1, yet lower than Norway and 
Spain, with 3.9 kg.bed-1.day-1 and 4.4 kg.bed-1.day-1, 
respectively (Akbolat et al. 2011; Bdour et al. 2007). 

Also, when considering African countries, the 
Brazilian HCW generation tax is above some reports 
such Jordan (0.88-1.36 kg.bed-1.day-1), Ethiopia 
(average of 1.23 kg.bed-1.day-1), Egypt (0.7-1.7 
kg.bed-1.day-1) and Sudan (average of 0.87 kg.bed-

1.day-1) (Hayleeyesus and Cherinete 2016; Minoglou 
et al. 2017; Qdai et al. 2007; Saad 2013). 

Evaluating the HCW per periods, from 2000 to 
2009 and 2010 to 2019, it was possible to observe that 
waste generation for sharps and total HCW did not 
present a significant statistical difference between the 
periods. However, a significant variation was found 
for infectious waste demonstrating an increase in this 
type of waste generation over the years. Yet, this 
variation was expected since the growth in population, 
leads to more healthcare establishments and, also, an 



 
Ribeiro et al./Environmental Engineering and Management Journal 19 (2020), 7, 1143-1156 

 

 1152

increase in usage of disposable medical products 
(Arab et al. 2008; Taghipour and Mosaferi, 2009). On 
the other hand, this increasing of infected wastes may 
suggest a low efficacy of HCW segregation, as 
presented by Barbosa and Mol (2018) that analyses 
HCW management and the reason for indicator 
variance. In addition, sharps generation was higher 
over the period 2010-2019. This increased value of 
sharps wastes may be explained by improvements in 
waste segregation in the hospitals along the years, due 
to the growth in discussions about HCW management 
in Brazil in the last decade (Aduan et al., 2014; Alves 
et al., 2014; Moreira and Günther, 2013; Vieira et al., 
2009).  

The lack of improvement in the waste 
segregation may be attributed to the scarce knowledge 
about the health and environmental impacts correlated 
to HCW, nonexistence of a waste management and 
disposal systems, abstinence of training, that could 
lead a proper waste management, and also deficient 
financial and human resources, possibility, due to the 
low priority given to this topic (WHO, 2018). 

The HCW according to the hospitals specialties 
in this study were: General 2.82 (2.23 - 3.51) kg.bed-

1.day-1; Hospital Complex 2.88 (2.16 - 3.64) kg.bed-

1.day-1; Intensive Care 3.11 (1.80 - 4.50) kg.bed-1.day-

1; Maternity 4.23 (2.71 - 5.70) kg.bed-1.day-1; Teaching 
3.08 (2.22 - 4.01) kg.bed-1.day-1. 

When discussing HCW generation rates by 
hospital specialty, according to Pruss (1999), a 
teaching hospital in the EUA generates from 4.10 to 
8.70 kg.bed-1.day-1, higher than the generation found 
in this study, 3.08 (2.22 - 4.01) kg.bed-1.day-1, while in 
the general hospital, the data presented by Pruss 
(1999) was from 2.1 to 4.2 kg.bed-1.day-1, similar to 
Brazilian data, 2.82 (2.23 - 3.51) kg.bed-1.day-1.  

Founds for Brazilian HCW generation by 
hospitals were similar to the reference values 
presented by WHO for general hospital. On the other 
hand, teaching hospitals stayed near the lower limit of 
WHO estimation. The amount of HCW generated by 
health services changes according to the 
characteristics of the establishment. Therefore, 
differences between the studied hospitals were 
expected, once between the hospitals found there had 
different specialties, number of bed and complexity of 
attendance (André et al., 2016). 

In other studies, such Askarian et al. (2004), 
they presented data on hospital waste generation in 
several regions of the world, citing variations ranging 
from 0.67 to 21.33 kg.bed-1.day-1. For teaching 
hospitals in Iran, the average HCW generation 
reported was 4.51 kg.bed-1.day-1 above the generation 
found in Brazil 2.97 (2.57-3.42). While for non-
teaching hospitals, the mean HCW generation rate was 
3.59 kg.bed-1.day-1 below only the tax found for 
intensive care found in this study. 

These data stimulate the discussion on hospital 
waste management and health services in general. 
Practical economic interests further enhance this 
discussion. Bencko et al. (2003) discussing the 
situation of the Prague General Hospital, showing that 

the cost of disposing of common waste is € 75 tonne-

1, while the cost for treating and disposing of hospital 
waste is € 260.tonne-1. These authors assure that this 
difference is significant in the institution's budget and 
justifies the establishment of future challenges to 
improve the treatments in the institution. In Brazil, 
HCW treatment by incineration is presented as USD 
0.76kg-1, while landfill destination for urban solid 
wastes represented USD 0.15kg-1 (Barbosa and Mol, 
2018). Costs related to annual overall waste 
management were USD 2.36 kg-1 in Italy, as presented 
by Vaccari et al. (2018), USD 3.93 kg-1 to dangerous 
wastes and USD 1.14 kg-1 to non-dangerous wastes. 
According to Miyazaki and Une (2005) in Japan, 
infectious waste is not collected and transported by the 
municipal government, therefore, medical institutions 
are responsible for the expense, so they must hire 
specific company authorized for the treatment. Prices 
for treatment of these wastes are estimated between 
USD 0.9 to 1.3 kg-1. 

It is noteworthy that deficiencies in the 
management of HCW can occur in the practice of 
management due to inadequate segregation, which 
contributes to the increase for waste. The common 
waste, when packed with the contaminated materials, 
should be also considered as contaminated, increasing 
unnecessarily the amount of waste to be treated and 
also increases the risks for handling the wastes. 

Monreal (1993) stated that, in Brazil, the 
generation of HCW kg.bed-1.dia-1, with 15 to 20% of 
this total representing infectious wastes. This 
panorama reveals the need to implement and follow 
the regulations that establish HCW management. 
While in this review, the average generation was 2.97 
kg.bed-1.day-1, with 21% of infectious waste, 
indicating an even more worrisome scenario. 

The usual reasons for failure in the HCW 
management is lack of concern associated to HCW 
hazardous waste, inappropriate training for proper 
waste management, lack of waste management and 
disposal, insufficient financial and human resource, 
and low priority given to the topic, according to WHO 
(2011) and Hakim et al. (2012). Harhay et al. (2009) 
emphasize that limited financial resources and lack of 
definition of who is responsible for managing HCW 
are the most common reasons identified as responsible 
for gaps and failures in the sector in low and middle-
income countries. 

It is noteworthy that deficiencies in the HCW 
management can occur in the practice of management 
due to inadequate segregation, which contributes to 
increases for waste. The common waste, when 
segregated appropriately, may be sent to recyclable 
process. But usually this deficiency is not seen by 
HCW managers since they, usually, do not have data 
on the expected waste generation in hospitals. This 
lack of information makes even harder the 
identification of improper waste management, once, 
there are few studies showing a standard of what 
should be expected and could be followed to find a 
flaw in the flow of waste handling, from its generation 
to is final disposal. 
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5. Limitations 
 
Our study presented a literature review and, 

due to this methodology, we do not had access to 
information about the real condition of waste 
segregation in studied hospitals. Therefore, our results 
represented a HCW variation according to secondary 
data, and it is necessary to consider that each study 
may be adopted different measurement methods for 
wastes quantification. This new estimating restricts 
the margins previously used in the literature, although 
is this within the range estimate by organizations as 
WHO. 
 
6. Conclusions 
 

Since there is a lack of data available about 
HCW generation in Brazilian hospitals, the evaluation 
we proposed generated a new estimation of data that 
could be useful for proposition of laws focused in the 
real management situation per hospital specialty and 
per Brazilian region. HCW waste quantity monitoring 
process is recommended to control the financial 
expenses in the waste management process, as 
improper HCW segregation represent unnecessary 
high expense for hospitals. This emphasize the HCW 
management challenge, not only to hospitals but also 
for the governmental agencies responsible to legislate 
over the correct handling, treatment, and disposition 
of hazardous waste.  

Is important to highlight that region, period, 
and hospital specialty may influence the HCW 
generation rates and should be analyzed in detail in 
future studies. This kind of study should be done 
frequently and including all regions around the world 
looking for improve the implemented HCW 
management systems. 
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