
Vol.:(0123456789)

Journal of Material Cycles and Waste Management 
https://doi.org/10.1007/s10163-024-01890-1

ORIGINAL ARTICLE

Analysis of healthcare waste and factors affecting the amount 
of hazardous healthcare waste in a university hospital

Adam Kaposi1 · Attila Nagy2 · Gabriella Gomori1 · Denes Kocsis3 

Received: 31 August 2023 / Accepted: 9 January 2024 
© The Author(s) 2024

Abstract
The ever-increasing amount of waste produced by the healthcare system is a growing burden worldwide. To effectively reduce 
waste, it is essential to know exactly what it is and to explore the factors influencing its amount. This study aims to analyze 
the amount of healthcare waste (HCW) and the change in that amount over time, as well as to explore and quantify the fac-
tors that influence hazardous healthcare waste (HHCW) in a university hospital. Descriptive statistical analysis, Spearman’s 
correlation and robust regression were performed to characterize the data. Our analysis revealed that the amount of HCW has 
been increased annually by 2.11%, and the generation rate ranges between 2.53 and 2.68 kg/bed/day. The amount of HHCW 
has increased by 20.19% over the 5-year period studied, with a generation rate varying between 1.13 and 1.31 kg/bed/day. 
It was found that surgical specialisms, anesthesiology and intensive care, and emergency patient care have higher rates of 
hazardous waste production. A significant positive correlation was found between the amount of hazardous waste and the 
incidence of healthcare-associated infections (r = 0.704), and the number of diapers used by adults and children (r = 0.555), 
whose significant predictive role was also confirmed by the robust regression.
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Introduction

Climate change is the largest and longest lasting global pub-
lic health threat ever described [1]. The effects on health 
caused by anthropogenic climate change can be direct (e.g. 
the effects of heat waves, floods, storm-related deaths, inju-
ries) and indirect (e.g. the incidence of vector-borne dis-
eases, water quality, air quality, availability and quality of 
food). As a result, a huge additional burden appears in the 
health sector as well [2]. Despite efforts by healthcare sys-
tems to cope with the increasing disease burden, hospitals 
and other healthcare facilities are significant contributors 
to environmental pollution and the depletion of natural 

resources, which ultimately exacerbates the issue of climate 
change [3].

Due to world population growth and progress in access to 
medical services, in line with the development of the health-
care industry, the amount of healthcare waste (HCW) is also 
increasing at an exponential rate [4]. The legal regulation 
of waste generated in the healthcare sector may differ from 
region to region and country to country, but there are many 
differences even between the definitions used [5, 6]. Accord-
ing to the WHO, the term HCW includes all the waste gener-
ated within healthcare facilities, research centres and labo-
ratories related to medical procedures [7]. As estimated by 
WHO in 2014, the amount of HCW in the countries of the 
world ranged from 0.5 to 3.0 kg/bed/day [7].

Hospitals in high-income countries generate, on aver-
age, more HCW than hospitals in low- and middle-income 
countries [8]. A study [6] that performed a meta-analysis of 
medical waste in 78 countries between January 2000 and 
May 2021 found an average of 2.04 kg of HCW generated 
per hospital bed per day (0.3–8.4 kg/bed/day). Singh et al. 
found that the smallest amount of HCW was generated in 
Africa, with an average of 1.17 kg/bed/day (0.4–2.5 kg/bed/
day), followed by Asia with an average of 1.68 kg/bed/day 
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(0.3–5.4 kg/bed/day). In Europe, the average HCW genera-
tion rate was already 2.61 kg/bed/day (0.3–4.4 kg/bed/day) 
and the largest amount of HCW was generated in America, 
with an average of 3.82 kg/bed/day (0.4–8.4 kg/bed/day). 
Other studies in Europe found that Greece (0.3 kg/bed/day) 
[9] had a lower HCW generation rate, while much higher 
HCW generation rates were reported in Turkey (2.11 kg/bed/
day) [10], Portugal (2.5–4.5 kg/bed/day) [11] and France 
(3.3 kg/bed/day) [12].

Globally, the total mass of HCW is constantly increas-
ing by 2–3% per year, which has only been exacerbated by 
the COVID-19 pandemic [13–15]. So far, approximately 
8.4 million tons of pandemic-related plastic waste have been 
generated, 73% of which came from the healthcare sector 
[16]. The increase in the generation rate of HCW mostly 
affects developed countries, and the environmental and pub-
lic health damage resulting from the difficulties of waste 
management and disposal are mainly problems of develop-
ing countries [7, 17].

Problems related to HCW are mainly caused by general 
legal deficiencies and contradictions, insufficient waste man-
agement knowledge and attitudes of employees, as well as 
inadequate identification, treatment, and disposal of waste 
[6, 18]. The effective treatment of HCW has significant 
public health, patient safety, environmental and economic 
benefits, which have already been investigated in numer-
ous studies [19–22]. Despite different legal regulations 
and definitions, HCW is typically divided into two main 
groups: hazardous and non-hazardous (general) waste. 
General HCW does not pose a significant environmental 
or health risk, and its composition corresponds mostly to 
domestic waste [7]. Hazardous healthcare waste (HHCW) 
can represent a significant biological, chemical, physical or 
radioactive hazard (and often combinations of these), and 
their management requires special measures (selection, stor-
age, transport, disposal) [23–25]. For this reason, the cost 
of treatment is ten times higher for hazardous waste com-
pared to non-hazardous waste [26]. HHCW can be further 
divided into seven groups: infectious waste, pathological 
waste, sharp waste, chemical waste, pharmaceutical waste, 
cytotoxic waste, and radioactive waste [7]. About 90–95% 
of HHCW is infectious, which means a potential biological 
pathogenic attribute [7]. In these cases, an amount or con-
centration of microorganisms sufficient to cause a disease 
may be present [24, 27]. Pursuant to the WHO report [7], 
the proportion of non-HHCW can be set at 75–90%, and 
that of HHCW at 10–25% (infectious 10%, chemical/radio-
active 5%). This distribution corresponds to that described 
in the international literature, although some authors have 
reported a much higher HHCW rate (39–42%) [28, 29]. In 
Greece, the amount of HHCW generated per day per hospi-
tal bed was determined on average at 0.7 kg, and the larg-
est producers were university hospitals [9]. The amount of 

HHCW in Qatar’s hospitals ranged between 2.6 and 3.1 kg/
bed/day, and showed a continuous increase [30]. According 
to the WHO’s estimate, there is an average of 0.2–0.5 kg of 
HHCW per hospital bed per day in each country [7]. Dur-
ing the COVID-19 pandemic, the generation rate of HHCW 
increased to 3.4 kg/bed/day worldwide, which is mostly due 
to the increased use of disposable personal protective equip-
ment [16, 31].

In addition to COVID-19, another major burden on hospi-
tals is the continued increase in healthcare-associated infec-
tions (HAIs) [32]. The total number of HAIs occurring in 
European hospitals can be estimated at around 4.5 million. 
On average, 1 in 15 hospitalized patients suffer from at least 
one HAI [33]. Effective infection control is the basis of pro-
tection against healthcare-related infections. Infection con-
trol activity using with the use of single-use medical devices 
and personal protective equipment contributes significantly 
to the increase in the amount of HHCW [34, 35].

Several studies have dealt with the factors affecting the 
amount of HCW [9, 12, 30, 36]. In most cases, the inves-
tigated factors were the type of hospitals, the number of 
beds, the number of inpatients, the number of outpatients, 
the number of patient days, the number of intensive care 
beds, and other special factors. It can be assumed that the 
amount of HCW can be influenced by many other factors 
besides these.

The amount of single-used adult and children’s diapers 
that have become waste could be an influencing factor. This 
is generally treated as non-hazardous waste and can account 
for around 1.5–4% of the total waste stream [37].

In Hungary, for the legal regulation of waste generated 
in the healthcare sector, Act CLXXXV of 2012 on waste 
and the EMMI regulation of the Act 12/2017 (VI.12.) is 
responsible for waste management activities related to waste 
generated at the healthcare provider [38, 39]. The law dis-
tinguishes between hazardous and non-hazardous waste 
and further divides HHCW into special HCW and chemical 
waste. Special HCW includes sharp or pointed instruments, 
waste contaminated with blood and secretions, blood and 
blood products, organ remains, waste from experimental ani-
mals, waste contaminated with cytostatics, microbiological 
waste, and waste generated during the care of an infectious 
patient. According to the law, single-use adult and children’s 
diapers are to be separated as general waste (with the excep-
tion of the diapers of infectious patients), but experience 
shows that the majority of Hungarian hospitals treat them 
as hazardous waste.

Although many studies have been conducted on HCW 
at a global level, our understanding of waste produced by 
hospitals in the Central European region is limited. There-
fore, this work aims to provide an analytical study through 
the examination of HCW, which is currently experiencing 
a huge backlog, particularly in Central Europe. The study 
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analyzes the amount, composition, and generation rate of 
HCW at a university hospital, tracks changes over time 
and compares the findings with other published data. Fac-
tors influencing HHCW are examined through correlation 
and regression analysis, with a focus on the impact of each 
medical specialty. The main goal of this study is to conduct 
a complex investigation of HCW and to identify and sta-
tistically validate new, so far unexplored factors affecting 
HHCW in order to promote higher quality and a safer envi-
ronment for patients and healthcare workers in an environ-
mental-friendly manner.

Materials and methods

Study area, and period

Our study was conducted at the University of Debrecen 
Clinical Centre Nagyerdei Campus (UDCC NC), Hungary. 
The statistical analysis covered waste from patient care and 
education/research activities generated between 2017 and 
2021. The 5-year period corresponds to the statistical inves-
tigation, and the most recent data were available for the year 
2021. The examined centre consists of 24 independent and 
separate clinics, 9 other therapeutic and diagnostic units, 
and 28 smaller educational/research institutions. At the clin-
ics, specialism-specific care is provided, which is typically 
the treatment of a group of patients belonging to a specific 
specialism.

Data sources

Data on the amount of HCW generated at the UDCC 
NC area were collected at the institutional level from the 
National Environmental Protection Information System [41]. 
This online interface provides a direct connection to the IT 
system operated by the Ministry of Agriculture, where hos-
pitals upload their waste usage data according to legal regu-
lations. The distribution of the amount of special HHCW 
among clinics and medical specialisms was determined 
based on the distribution of containers used to collect haz-
ardous waste. The amount and distribution of chemical and 
radioactive hazardous waste by clinics are documented by 
the responsible department of the UDCC NC (Department of 
Occupational Safety, Health Protection, and Environmental 
Protection).

The European Waste Catalog (EWC) codes are used to 
classify waste in Hungary [40]. Each EWC main group 
code can contain both hazardous and non-hazardous waste. 
HHCW is defined as waste that poses a biological, chemical, 
physical or radioactive hazard.

The number of beds and patient traffic data required for 
statistical examinations were collected from the annual 

publications of the National Health Insurance Fund of 
Hungary. These were the following: number of active beds, 
number of inpatients treated, number of patient days, bed 
occupancy percentage, and mortality percentage. Annual 
data on diaper use was provided by the UDCC NC Procure-
ment Department.

To determine the annual number of HAIs, the MedWorkS 
microbiological information system’s MedBacter module 
was used. For accurate classification, additional informa-
tion was obtained from the UDMED system, which is the 
medical system developed by the UDCC NC.

Medical specialisms

Twenty-two medical specialisms were identified at the 
UDCC NC (Table 3). The classification by medical special-
ism was determined by assigning corresponding specialism 
types to each active patient bed. Due to the clinic’s layout, 
it was not difficult to separate the HHCW amounts related 
to each medical specialism, as each clinic typically serves 
only one type of specialism.

Influencing factors

Precisely defined concepts were used to characterize the 
effect of factors potentially affecting the amount of HHCW.

Laboratory-proven, healthcare-related infections that 
developed more than 48 h after hospital admission are clas-
sified as HAIs. In order to examine the number of HAIs as a 
factor independent of the amount of waste, the incidence was 
calculated by determining the number of HAIs per 100,000 
nursing days.

The Hospital Hygiene Department of the examined insti-
tution classifies the infections into the three main groups: 
antibiotic-sensitive infections, infections caused by multi-
drug-resistant (MDR) organisms, and colitis caused by the 
bacterium Clostridioides difficile (CDI). Of these, all waste 
from patients with MDR and CDI infections (as they require 
isolation) is classified as hazardous waste and thus contrib-
utes significantly to the amount of HHCW. Between 2017 
and 2021, the following HAIs occurred most frequently in 
the UDCC NC area: MDR Enterobacter spp., MDR Steno-
trophomonas malthophilia, Vancomycin-resistant Entero-
coccus, carbapenem-resistant Enterobacteriaceae, MDR 
Escherichia coli, MDR Pseudomonas aeruginosa, MDR 
Acinetobacter baumannii, MDR Klebsiella spp., Methicillin-
resistant Staphylococcus aureus, and C. difficile.

Diaper usage data refer to the number of children’s and 
adult diapers ordered and used in the units of the studied 
institution. The diapers are available in several sizes (XS, S, 
M, L, XL), but all sizes were counted as one unit, as infor-
mation on the actual weight was missing.
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The average number of active beds is a weighted average 
of the number of operating hospital beds which also reflects 
the changes occurring during the relevant period. The num-
ber of inpatients refers to the total number of patients who 
were discharged from the hospital or transferred to another 
care facility or who died during the given period. A patient 
day was considered to be a full day (24 h) of care for an 
inpatient. The day of admission and departure was consid-
ered as a patient day. The bed occupancy percentage is the 
number of completed care days divided by the number of 
available care days and multiplied by 100. The mortality 
percentage is the number of deaths divided by the number of 
patients discharged alive and multiplied by 100. The surgi-
cal/non-surgical classification of each department was based 
on whether the department had its own operating theatre.

Data analysis

First, a descriptive statistical analysis was carried out. The 
composition of the HCW generated at UDCC NC between 
2017 and 2021, and the distribution of each waste type 
were examined. The mass of waste generated in each year 
was determined, expressed in tons. In addition to the total 
amount of HCW, the amount of non-hazardous and hazard-
ous waste was also examined to get a more accurate picture 
of the changes in each year and their possible causes. The 
HCW and HHCW generation rates were calculated for each 
year: the total annual HCW/HHCW quantity in kilograms 
was divided by the number of days in the given year and the 
number of active beds in the institution.

When examining the amounts of HHCW related to indi-
vidual medical specialisms, the average waste amounts gen-
erated between 2017 and 2021 were calculated, not includ-
ing the teaching/research activities and other therapeutic or 
diagnostic units. The percentage contribution of each spe-
cialism to all HHCW (produced by the specialisms) was 
analyzed, and the average number of active beds for each 
year was determined. Then the HHCW generation rates and 
their standard deviation was calculated. For all the examined 
factors, a ranking was established among the medical spe-
cialisms for easier comparison. To determine and character-
ize the relationship between the amount of HHCW and the 
potential influencing factors, a Spearman’s correlation using 
summarized data from the observed period was performed. 
The strength of the relationship was classified based on the 
“r” value: no relationship below 0.2, weak relationship from 
0.2, moderate from 0.3, strong from 0.4, and very strong 
from 0.7 [41]. The results obtained are plotted on a dot dia-
gram (Fig. 4).

Since the data are not normally distributed, robust regres-
sion was performed to confirm the correlation test. The 
amount of HHCW generated at the UDCC NC between 
2017 and 2021 was given as the dependent variable, and 

the possible influencing factors as the independent variable. 
In our analysis, a p-value of less than 0.05 was considered 
significant. Intercooled Stata v17 was used for the analysis 
(ref: StataCorp. 2021. Stata Statistical Software: Release 17. 
College Station, TX: StataCorp LLC.)

Results

Composition of HCW

HCW at UDCC NC consists of hazardous and non-haz-
ardous (general) waste. HHCW can be further divided into 
special HHCW, chemical and radioactive waste. The non-
hazardous waste consisted of mixed municipal solid waste 
and other selectively collected waste. The detailed composi-
tion of HCW generated between 2017 and 2021 is presented 
in Table 1. The proportion of the annual hazardous waste in 
the examined period ranged between 44 and 49%, whiles 
non-hazardous waste was between 51 and 56%. 43–47% of 
all waste contains special HHCW, which accounted for an 
average of 96.43% of hazardous waste. The special HHCW 
was placed in bulk in a common waste collection container. 
Based on our observations, only sharp and pointed tools 
and instruments were collected selectively in a smaller con-
tainer designed for this purpose, but in the end, this also 
went into the common bulk. These are disposed of outside 
the institution, by incineration (organ remains, waste from 
experimental animals, waste contaminated with cytostatics, 
microbiological waste, used adult and child diapers) or steri-
lization (sharp and pointed instruments, waste contaminated 
with blood/secretions, blood and blood products, waste from 
infectious patient care). It was also observed that used adult 
and child diapers (regardless of whether they come from 
infectious or non-infectious patients) are always separated 
as special HHCW. Looking at the number of diapers used, 
it was found that the UDCC NC units use an average of 
363,248 diapers per year.

Chemical and radioactive waste accounted for only 
1.5–2% of all waste during the research period, which rep-
resents 3.57% of HHCW. These were collected selectively, 
which were divided into 10 main EWC groups and radio-
active waste. Most of the chemical waste came from the 
hazardous elements of the EWC 14, 15, 20 main groups 
(organic solvents, acid, alkali and contaminated packaging 
materials), which accounted for almost 88% of all chemical 
waste. 84.7% of the non-hazardous waste was mixed munici-
pal solid waste, which was collected in bulk like residential 
waste. Sorted waste accounted for 15.3%, and the two most 
common types of waste (99%) came from the non-hazardous 
elements of the main groups 15 and 20 of the EWC (sepa-
rated non-hazardous packaging waste, paper and cardboard).
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HCW and HHCW volumes and waste generation 
rates

Table 2 shows the amount of waste generated between 
2017 and 2021. The most HCW was generated in 2021 
(1634 tons), the least in 2020 (1482 tons). It can be said that 
the amount of HCW increased by 9.49% during the 5 years 
of the study, an average of 2.11% per year. A decrease was 
only experienced in 2020. Within HCW, the amount of haz-
ardous waste was also the largest in 2021 (796 tons). The 
volume of HHCW increased by 20.19% and showed an aver-
age annual growth rate of 4.38%.

Figure  1 shows the waste generation rates and their 
annual changes. The average daily amount of HCW per bed 
ranged between 2.53 and 2.68 kg/bed/day during the exam-
ined period. The generation rate of HHCW ranged from 
1.13 to 1.31 kg/bed/day. Between 2017 and 2021, the HCW 
production rate of the investigated institution increased by 
4.7%, and the HHCW production rate increased by 15.9%. 
The number of inpatients treated at UDCC NC ranged from 
71,461 to 91,515. The highest number of patients were 
admitted to the facility in 2021 and the lowest in 2020.

HHCW quantities associated with medical 
specialisms

Table 3 presents the ranking of the medical specialisms 
based on their average contribution to HHCW, the number 
of active beds and the HHCW generation rate with its mini-
mum and maximum value between 2017 and 2021. Figure 2 
describes the relationship between HHCW quantities and 
waste production rates related to each specialism. Among 
the 22 specialisms of the examined university hospital, 
internal medicine (16.22%), anesthesiology and intensive 
care (10.09%), and surgery (9.39%) produced the largest 
amount of HHCW. Together, they accounted for 35.7% of 
all HHCW in the hospital. Otorhinolaryngology, rheumatol-
ogy, and psychiatry contributed the least to HHCW, totaling 
less than 1%. In terms of HHCW quantities divided by the 
number of active beds, the medical specialisms producing 
the most per day are neurosurgery (3.2 kg/bed/day), heart 
surgery (2.52 kg/bed/day), and anesthesiology and inten-
sive care (2.38 kg/bed/day). Their numbers were 111–183% 
higher than the 5-year specialism quantity average (1.13 kg/
bed/day). No waste generation rate could be calculated for 
neonatology and dentistry, as there were no active beds in 
their cases. Medical specialisms showing the 5 highest devi-
ations in HHCW production rates are illustrated in Fig. 3. 
The HHCW production rates of anesthesiology and intensive 
care, pulmonology, and emergency care increased continu-
ously during the reviewed period. The biggest difference was 
seen in emergency care, where the number of HHCW per 
bed increased by almost 30 times in 2021 compared to 2017. Ta
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However, there was a decrease in two surgical specialisms 
(general surgery and oro-maxillofacial surgery).

Potential factors influencing the amount of HHCW

Simple statistical analysis: The data showed a non-normal 
distribution. Spearman’s rank correlation was performed as 
a simple statistical analysis to examine the possible factors 
influencing the amount of HHCW. Figure 4 presents the fac-
tors that were hypothesized to be correlated with HHCW. 
According to the results, there is a significant and positive 
relationship with all the investigated factors (a p-value of 
less than 0.05 was considered significant). The incidence 
of HAIs (r = 0.704) showed a very strong correlation with 
the amount of HHCW. A strong relationship was verified 
with the mortality percentage (r = 0.563) and the number of 
diapers (r = 0.555). The weakest relationship was with the 
bed occupancy (r = 0.249).

Multiple statistical analysis: The results of the robust 
regression of factors potentially affecting the amount of 
HHCW are shown in Table 4 (a p-value of less than 0.05 
was considered significant). A statistically significant 
positive relationship was shown with the incidence of 
HAIs (p < 0.001), the number of adult and child diapers 
(p = 0.008), and the surgical/non-surgical nature of the care 
unit (p = 0.032). Bed occupancy gave a borderline signifi-
cant p-value (p = 0.052). Our results showed that the year 

of waste generation has no statistically measurable effect 
on the amount of HHCW generated (reference year: 2017).

Discussion

A high rate of HHCW (average 46.42%) was found in the 
university hospital studied. This is significantly different 
from the WHO estimate of 10–25%, but other authors have 
reported higher HHCW rates [28, 29]. This can be explained 
by the excess amount of hazardous waste from teaching/
research activities, which is typical for university hospitals. 
The low share of selectively collected HHCW (3.57%) is 
largely due to national legislation, which does not require 
the sorting of special HHCW. Furthermore, the treatment 
of adult and children’s diapers as hazardous waste can also 
be a significant contributing factor.

The amount of waste generated and the waste produc-
tion rate over the period under study clearly show a steady 
increase (Table 2 and Fig. 1), at a rate (2.11% on average) 
in line with the 2–3% annual increase reported in the litera-
ture [13]. Hazardous waste has increased faster than non-
hazardous, which can be explained by the increasing use of 
single-use medical devices and personal protective equip-
ment (they are mostly contaminated with blood, exudate, 
chemical substances, and contain sharp parts and should 
therefore be separated as hazardous waste).

A decrease in the volume of HCWs was only observed 
in 2020 (5.1% on average), probably caused by a decrease 
in patient flows due to the first wave of the COVID-19 pan-
demic. During this period, the number of people seeking 
specialist care decreased and elective interventions were 
postponed. This is confirmed by the inpatient data shown 
in Fig. 1, which shows a significant decrease (18.75%) in 
inpatient admissions in 2020 compared to the previous 
year. The amount of HCW has decreased to a much lesser 
extent than the number of admitted inpatients. The reason 
for the discrepancy is the changed patient population due to 
COVID-19 and the infection control measures introduced 

Table 2   Annual quantities of hazardous and non-hazardous waste

Type of wastes [tons/year]

Year Non-hazardous Hazardous Total HCW

2017 829.63 662.39 1492.02
2018 833.98 697.43 1531.42
2019 845.07 712.13 1557.20
2020 777.32 704.37 1481.68
2021 837.49 796.16 1633.65

Fig. 1   Yearly average health-
care waste (HCW) and HHCW 
generation rates and the number 
of inpatients treated
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due to the pandemic. The patients infected with COVID-19 
needed longer care, the patients’ condition worsened due to 
the postponed operations, and they needed more invasive 
interventions and medical devices. Wearing a mask was 
mandatory and special attention was paid to the use of other 
personal protective equipment (PPE), which increased the 
amount of waste.

Comparing our results with the HCW generation rates 
of other hospitals, it was found that they correspond to both 
WHO estimates (0.5–3.0 kg/bed/day) and the European hos-
pitals averages (0.3–4.5 kg/bed/day) [6, 7, 9–12]. Regarding 
HHCW, literature sources have reported significant differ-
ences between hospitals (for example, due to different clas-
sification, legal regulations, type of institution and different 
economic situation), which makes comparisons difficult. 
Compared to the WHO estimate of 0.2–0.5 kg/bed/day, the 
average amount of HHCW experienced by us is more than 
2.5 times higher [7]. However, studies in the Middle East 
region (Qatar, Iran, Jordan, Kuwait) have described even 

higher HHCW generation rates (2.6–3.81 kg/bed/day) [17, 
30, 42, 43].

Significant differences in HHCW production were 
observed among medical specialisms (Table 3, Figs. 2, 3). 
The specialisms with the highest average number of beds 
produced the most HHCW. It is understandable that the more 
active beds there are in a specialism, the higher the num-
ber of patients there are to be treated, resulting in a higher 
amount of waste. From the production rates and their stand-
ard deviations, it is possible to deduce the characteristics 
associated with the occupations that influence the amount 
of HHCW. Previous studies have shown a prominent contri-
bution of surgery and intensive care to HHCW, which was 
confirmed in this study [12, 36, 44].

It was found that surgical specialisms (heart surgery, neu-
rosurgery, urology, dermatology, oro-maxillofacial surgery), 
as well as anesthesiology and intensive care and emergency 
patient care are characterized by higher HHCW production 
rates (Fig. 2). This is because these specialisms use most 
single-use medical devices (single-use breathing tubes, 

Table 3   Ranking of medical specialisms by percentage of HHCW contribution, active beds, HHCW generation rate and HHCW generation rate 
interval from 2017 to 2021

NA Not applicable
* The neonatology department does not have patient beds
** In the field of dentistry, the services are typically limited to outpatient care, with no provision for 24 h stays. Therefore, dental department 
does not have any beds listed in the database

Medical specialisms HHCW 
contribution 
(%)

Rank Average number of 
active beds/years

Rank HHCW generation 
rate (kg/bed/day)

Rank HHCW generation 
rate interval (kg/bed/
day)

Internal medicine 16.22 1 346 1 0.87 13 0.77–0.97
Anesthesiology and intensive care 10.09 2 75 7 2.38 3 1.88–3.02
Surgery 9.39 3 151 3 1.10 8 0.77–1.43
Cardiology 8.21 4 145 4 1.00 10 0.94–1.14
Heart surgery 7.18 5 50 11 2.52 2 2.38–2.66
Obstetrics and gynecology 7.15 6 145 4 0.87 13 0.78–1.06
Neurosurgery 5.42 7 30 16 3.20 1 3.15–3.32
Pediatrics 5.31 8 167 2 0.56 15 0.52–0.61
Pulmonology 5.06 9 103 6 0.89 12 0.62–1.40
Urology 4.37 10 50 11 1.55 5 1.36–1.85
Orthopedics 4.16 11 55 10 1.34 6 0.91–1.63
Neurology 3.69 12 63 9 1.04 9 0.91–1.16
Neonatology 3.21 13 NA* 21 NA* 21 NA*
Dermatology 2.63 14 40 13 1.17 7 1.08–1.22
Dentistry 2.27 15 NA** 21 NA** 21 NA**
Oro-maxillofacial surgery 1.90 16 18 19 1.87 4 1.11–2.86
Oncology, oncoradiology 1.20 17 65 8 0.33 18 0.29–0.39
Emergency patient care 0.84 18 15 20 1.00 10 0.07–2.04
Ophthalmology 0.80 19 38 14 0.39 16 0.34–0.44
Otolaryngology 0.70 20 38 14 0.35 17 0.30–0.40
Rheumatology 0.18 21 20 18 0.16 19 0.11–0.27
Psychiatry 0.02 22 22 17 0.01 20 0.01–0.03
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Fig. 2   The average annual amount of HHCW from the medical specialisms and the associated waste generation rates from 2017 to 2021

Fig. 3   Top 5 medical specialisms with the largest HHCW generation rate fluctuations 2017 and 2021
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endoscopes, surgical instruments, infusion sets, etc.) and 
personal protective equipment. Another possible explana-
tion is that surgery and intensive care increase the risk of 
HAIs, leading to an increase in infectious waste.

Over the 5 years under review, there was a marked vari-
ation in HHCW production rates for some specialisms. 
(Fig. 3) In anesthesiology and intensive care, the HHCW 

production rates increased by more than 160%, with a con-
tinuous growth. This can also be seen in the case of pul-
monology, where the increase was almost 225% between 
2017 and 2021. Both specialisms showed higher increases 
during the pandemic period, which is understandable, since 
the COVID-19 infected patients requiring inpatient care 
burdened these two specialisms the most. The institution’s 

Fig. 4   Spearman’s correlation of HHCW vs. a incidence of HAIs; b number of adult and child diapers; c bed occupancy; d mortality

Table 4   Potential factors 
associated with production of 
HHCW in robust regression for 
the period 2017 and 2021

Italic indicates significant result
HAIs healthcare-associated infection
* The p-values < 0.05 were considered to be significant

Factors Coefficient p-values* 95% confidence interval

Incidence of HAIs (per 100,000 nursing days) 16.68  < 0.001 6.97 26.39
Number of adult and child diapers 0.17 0.008 0.04 0.29
Bed occupancy (%) 120.57 0.052 − 0.97 242.11
Mortality (%) 1033.31 0.127 − 298.58 2365.19
Surgical/non-surgical types 8219.12 0.032 728.63 15,709.61
2018/2017 1362.19 0.783 − 8407.75 11,132.13
2019/2017 2144.55 0.665 − 7646.92 11,936.02
2020/2017 797.46 0.879 − 9540.95 11,135.86
2021/2017 1489.97 0.772 − 8696.88 11,676.83
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waste collection policy did not change significantly during 
the pandemic, but specialism-specific COVID-19 care was 
implemented.

In the case of the two surgical specialisms, however, the 
pandemic had the opposite effect, as elective surgery was 
postponed, thus reducing the amount of HHCW. The reason 
for the drastic increase observed in emergency patient care is 
that in 2018, the care area of this specialism expanded and 
thus the number of active beds as well. In 2021, due to the 
COVID-19 pandemic, the investigated university hospital 
was designated as a regional emergency provider for both 
children and adults. This caused a significant increase of 
73% in the amount of HHCW generated per bed per day.

The study showed that several factors influence the 
amount of HHCW in the university hospital studied (Fig. 4 
and Table 4). The results of simple and multiple statistical 
analysis showed a very strong positive relationship between 
HHCW and Incidence of HAIs (per 100,000 nursing days). 
An increase in the incidence of HAIs by 1 resulted in an 
additional 16.68 kg of HHCW by increasing the amount of 
infectious waste. It is likely that the incidence of HAIs has 
an even greater effect (and thus is an important predictor) 
on the HHCW amount. It not only increases the number of 
single-use care devices and personal protective equipment 
used, but also the number of care days. Additional patients 
can become infected, and since the isolation of patient con-
tacts is also necessary, HAIs contribute to the increase of 
HHCW on several levels.

Regarding the examined period, it has been shown that 
a unit increase in the number of adult and child diapers 
increases HHCW by 0.17 kg, with a strong correlation. This 
has a significant impact on the amount of HHCW when con-
sidering that the studied institution uses on average more 
than 363,000 adult and children’s diapers per year. Our stud-
ies did not prove the influence and predictive effect of the 
mortality percentage and the individual years (and thus the 
pandemic period of COVID-19) on the amount of HHCW. 
The bed occupancy rate, which showed a borderline signifi-
cant effect, did not prove to be an influencing factor beyond 
reasonable doubt. Therefore, it was discarded as a factor 
influencing the amount of HHCW. The correlation revealed 
for medical specialisms—that surgery (surgical/non-surgi-
cal) is a significant determinant of HHCW volume—was 
also confirmed in the statistical tests.

Conclusions

The analyzes revealed that the amount of HCW in the uni-
versity hospital under investigation has been increasing con-
tinuously, but at a rate consistent with the literature. The 
waste composition examination indicated a high proportion 
of HHCW, which can be attributed to the institution’s active 
educational and research activities. The HCW and HHCW 
generation rates were in line with the global and European 
averages, and HHCW generation values showed twice the 
annual increase compared to HCW values. It was found 
that surgical and medical specialisms with a high number 
of invasive interventions had significantly higher HHCW 
generation rates.

Overall, it can be said that the COVID-19 pandemic had a 
significant impact on the amount of HHCW only at the level 
of individual specialisms (anesthesiology and intensive care, 
pulmonology, and emergency care) in the examined institu-
tion. At the institutional level, its indirect negative impact 
on the treated inpatients can only be mentioned.

Several studies have already proven that the amount of 
HHCW is influenced by many factors (for example, the num-
ber of active beds, the number of inpatients and outpatients, 
the number of nursing days, etc.). Our study identified influ-
encing factors that have not been revealed so far, thereby 
contributing to the expansion of our knowledge about 
HHCW management. The statistically significant effect of 
previously undescribed new factors was demonstrated, such 
as the incidence of HAIs and the number of adult and child 
diapers used.

Based on our results, it can be concluded that the special 
HHCW should be collected selectively in the studied insti-
tution in order to understand its more precise composition. 
Diapers from non-infectious patients do not require special 
measures (collection, storage, disposal) and do not need to 
be treated as hazardous waste under Hungarian legislation. 
The different practices of the institution under investigation 
can be explained mainly by the fact that the container used 
for the collection of HHCW is airtight (it protects against 
unpleasant odors) and, therefore, more suitable for the place-
ment of the diapers. A solution could be to treat the diapers 
not as hazardous waste but to collect them in a special (air-
tight) container. By improving infection control activities, 
the number of HAIs and thus the amount of HHCW gener-
ated during their care can be reduced.

The results of the tests carried out can aid in the more 
effective planning and implementation of measures aimed at 
reducing HCW. This leads to a safer environment for patients 
and staff and contributes to environmental protection.
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