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Abstract
Waste remains a very complex problematic issue on human society due to its health and 
environmental effects, economic aspects and social impacts. Medical waste is in a special 
classification and is supposed to be more hazardous compared to municipal wastes. There-
fore, collection, storage, transfer and disposal of medical waste need more delicate meas-
ures. These four cycles of waste handling comprise the waste management system. The 
amount of future medical waste is important in studies on waste management. In order 
to form an accurate strategy, the amount of waste that is generated must be known with 
high precision. Accurate estimation can help both planning and designing medical waste 
management systems. In the present work, a regression model was performed in order to 
estimate the amount of waste generated by the hospitals in Aksaray city. The inputs of the 
model were the patient number in three different age classes (0–15; 15–65; 65 <) and gross 
domestic product per capita. The model had very high determination coefficient of 0.979. 
This model provides important inputs to ready-to-use solutions to decision makers in medi-
cal waste management, which has dynamic conditions due to activities in health services.
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1 Introduction

Nowadays, one of the biggest problems of human society is the increase in waste 
amount and diversity due to environmental pollution and health hazards (Alam et  al. 
2019; Dehghani et  al. 2019). The waste term covers all types of wastes from human 
and animal activities. One of the most hazardous among these wastes is medical waste. 
Medical waste is a special waste category which is very dangerous due to its infectious 
and/or toxic properties. This kind of waste is the second most hazardous after radioac-
tive waste. Dangerous and contagious medical wastes can pose a serious threat to public 
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and environmental health, as they can pollute the air and contaminate oil and water 
resources (Farzadkia et al. 2015; Dehghani et al. 2008).

Among the various types of wastes, healthcare waste, hospitals, research centers, the 
presence of various hazardous compounds and their harmful effects on healthcare mate-
rials and the surrounding population are very important (Vasistha et al. 2018; Ali and 
Jasim 2018; Shakiba and Mohagheghian 2018). With the increase in population and the 
shift of technology, the quantitative and qualitative properties of the wastes of health-
care services have changed and have become more toxic (Goyal et al. 2017; Yousefi and 
Rostami 2017). Medical wastes may contain highly toxic chemicals and may provide 
a medium for the transportation of diseases (Dehghanifard and Dehghani 2018). The 
worldwide growth of the medical sector in the last decade (Najafi et al. 2017; Mantzaras 
and Voudrias 2017) has substantially contributed to an increase in medical waste pro-
duction with an increase in the use of disposable medical products (Haregu et al. 2017). 
Medical wastes include highly toxic chemicals, toxic metals, pathogenic viruses and 
bacteria that can lead to pathological dysfunction on the human body (Mazloomi et al. 
2019, Zamparas et  al. 2019). Medical waste poses a high risk for physicians, nurses, 
technicians, sweepers, hospital visitors and patients for arbitrary use and management 
(Tchobanoglous 1993; Mohammed and Elias 2017; Duca and Mereuta 2017). Accord-
ing to European Union, medical waste items are those related to the chapter 18 of the 
European Waste Catalogue, defined as the wastes from human or animal health care 
and/or related investigation, while in the USA, the Medical Waste Tracking Act of 1988 
identifies medical waste as ‘any solid waste that is created in the diagnosis, treatment, or 
immunization of human beings or animals, in study pertaining thereto, or in the produc-
tion or testing of biologicals.’ In Turkey, medical waste is defined as infectious, path-
ological and sharp objects originating from the healthcare sector. The explanation of 
medical waste can vary meaningfully among countries.

General statistics on the production of hospital waste per daybed are as follows: the 
UK—2.5 kg, USA—4.5 kg, France—2.3 kg, India—1.5 kg (Blenkharn 2006; Mühlich 
et al. 2003; Patil and Shekdar 2001). There is increasing investment in the health sector 
in Turkey. Therefore, the medical waste generation trend was as follows: 0.43 kg/daybed 
in 2000 (Korkut 2018); 0.63 kg/daybed in 2009 (Birpinar et al. 2009); and 1.68 kg/day-
bed in 2017 (Korkut 2018). Waste generation within different years must be accurately 
estimated in order to constitute a successful medical waste management system.

Aksaray is a developing city with a rapidly growing urban population, extensive 
health problems, environmental pollution and low educational status relative to other 
cities in Turkey. The surface area of the province is 7.991 km2. According to the Turkish 
Statistical Institute (TÜİK) data, the population of Aksaray was 402.404 in 2017. Of the 
population, 289,778 live in city center and districts, while 112,626 live in villages and 
towns.

In order to develop proper waste management strategies, it is important to characterize 
the waste amount and composition of the waste stream. In some circumstances, it is not 
possible to estimate waste formation due to term-based formation of the wastes (Abdul-
redha et al. 2018). However, waste amount projection is mandatory when able, in order to 
increase management capacity. The quantity of medical waste depends upon several fac-
tors such as the size of healthcare facility, the segregation program of medical wastes and 
type of the medical activities (Hassan et al. 2008). Therefore, in this study, we aimed to 
(1) evaluate the medical waste trend that is originated from hospitals in Aksaray, Turkey, 
and (2) propose an estimation model for medical waste generation, which is mandatory for 
accurate future waste management strategy.
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2  Materials and methods

This is a hospital-based cross-sectional study to assess the waste management system in all 
hospitals of Aksaray and to develop a waste estimation model. Aksaray is located in the cen-
tral Anatolia, and the gender share of the population is as follows: 200,233 males and 202,171 
females. There are two hospitals in Aksaray including one public hospital and one private hos-
pital providing health facilities at the second and third levels of prevention. A general hospital 
contains all disciplines, which are internal medicine section, surgery department, psychiatric, 
neurological diseases, blood diseases, oncology treatment, women’s section, children’s sec-
tion, laboratories, as well as emergency and the private section.

In Turkish healthcare system, collection, handling, transfer and disposal of medical waste 
are regulated according to Medical Waste Control Legislation, which was last amended on 
January 25, 2017 (MWCR 2017). According to the aforementioned legislation, the wastes 
from healthcare units are classified as follows: (1) general wastes, (2) infectious wastes, (3) 
genotoxic waste, (4) pathological wastes, (5) sharp wastes and (6) hazardous wastes. Infec-
tious, pathological and sharp wastes are defined as medical waste.

According to the Aksaray municipality, approximately 280 tons of medical waste was gen-
erated from both state and private health facilities in 2017. Collection, handling and transfer 
of the medical wastes are conducted according to MWCR (2017). Therefore, we intended to 
give a short summary of the whole process due to the fact that those steps are integral part of 
our methods section. Red bags made of medium-density polyethylene, having an international 
‘biohazard’ sign in the middle, are used in the collection of medical wastes. Sharp wastes 
are collected in a plastic container. Liquid medical wastes are concentrated with appropriate 
sorption materials. Then, the containers and bags are transferred to a temporary storage area. 
Weigh process is repeated at each step (from transfer until disposal) following the collection 
of medical waste. The production amount and sources of medical wastes from two hospitals 
in Aksaray, treatment methods and disposal, and cost-effective waste flow analysis methods 
were investigated in this study. Among 81 cities in Turkey, Aksaray remained in the middle 
of population list. Therefore, the city population characteristics were used to represent most 
Turkish cities.

2.1  Waste amount prediction model

Modeling section is a crucial and integral part of the waste management system. Al-Khatib 
et al. (2015) applied a system dynamics model in order to predict both waste amount and dis-
posal costs. A multiregression model was applied to determine the medical waste amount in 
Palestine (Al-Khatib et al. 2016). Similarly, Bel and Mur (2009) applied multivariable regres-
sion analysis for solid waste management in industrialized countries. Beigl et al. (2008) stated 
that multivariate methods are complicated due to the relation among the parameters. Further-
more, it is difficult to validate the multivariate models (Beigl et al. 2008). The linear regres-
sion technique is successful in waste generation estimation and widely used for that purpose 
(Hoang et al. 2017). Multiple linear regression (MLR) is a frequently used method by diverse 
disciplines to examine the case where a variable is influenced by more than one independent 
variables. The form of the general equation is shown in Eq. (1):

In the above equation, y is a dependent variable, which changes by alterations of independ-
ent variables. Independent variables are shown as x1, x2,…, xn. The a value is a constant 

(1)y = a + b ⋅ x
1
+ c ⋅ x

2
+⋯ + z ⋅ xn.
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and b, c,…, z values are coefficients. Coefficients link the relationship between dependent 
and independent variables. Sign (as negative and positive) of the coefficients gives infor-
mation about how the independent variables affect the dependent variable.

3  Results and discussion

3.1  Evaluation of medical waste management in Aksaray

It is important to have accurate information about the production rate of medical wastes 
in order to develop a sustainable medical waste management system. It depends on vari-
ous factors such as bed occupancy ratio, separate collection program of medical wastes, 
location of the facility, type of health facility and type of services provided. The hospi-
tal waste is considered to be a medical waste, and 10–15% of hospital wastes are consid-
ered as contagious (USC 1988). It is clear that the amount of medical waste collected by 
the Aksaray medical waste sterilization plant, which started to accept waste in 2011, has 
increased consistently.

Age classification of the patients stands crucial as the age distribution usually deter-
mines the treatment type. High disease rates are observed in the first decade of life. How-
ever, the aging factor should cause a significant increase in disability days due to disease, 
because the average duration of the disease increases with age. Diseases are more common 
in childhood. Therefore, when an increase in chronic diseases occurs, the disability rate is 
relatively low before middle and old age (Ezzati et al. 2002).

As can be seen from Table 1, the birth rate in Aksaray is varying but the net trend is 
toward decreasing and the number of people in the middle ages increases. For this rea-
son, the number of polyclinic admission rates increased regularly between 2011 and 2017 
(Fig. 1). However, the only reason for this increase is not the increase in the population of 
elderly people. The investment in the healthcare sector and the introduction of the online 
technologies, which lead to ease of hospital admissions, seem to elevate the number of 
people who make hospital admissions. Besides, as the education level increases, the aware-
ness of diseases increases and in turn hospital admissions increase (Birpinar et al. 2009).

The polyclinic admission number turned to be steady after 2014. This is due to the 
reduction in the number of people benefiting from free health services. The Green Card 
system, which provided free access to health service by the state to the poor citizens, 

Table 1  Census classification 
and gross national product of 
Aksaray between 2011 and 2017

Year Age classes GDP per capita ($) Medi-
cal waste 
(tons)0–15 15–65 > 65

2011 102,007 234,757 42,059 11,205 162
2012 103,412 237,967 41,427 11,588 171
2013 104,314 235,559 42,933 12,48 198
2014 119,426 230,935 33,891 12,112 214
2015 100,681 252,637 33,196 11,014 224
2016 108,542 251,877 33,254 10,807 236
2017 101,924 266,554 34,926 10,597 280
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was lifted in 2014. Instead, a new system called compulsory health insurance was intro-
duced. Thus, the number of people benefiting from free health services has decreased.

The increase in the inpatient number was analogical to clinical patient number. But 
after 2014, the trend of inpatient number was decreasing. In recent years, the hospi-
talization rates of patients have decreased. The main reason for this is the widespread 
use of outpatient health services, including surgical and interventional procedures in 
outpatient settings. Complex procedures and operations are possible in outpatient facili-
ties because of new medical technologies that prevent complications such as minimally 
invasive surgical techniques, new anesthesia and pain control techniques and enable 
patients to return home more quickly. It raised healthcare costs but contributed to the 
transition from inpatient to outpatient care. The whole trend is shown in Fig. 2.

Hospital bed occupancy ratios are an important indicator of a hospital’s ability to prop-
erly care for patients. The summary statistics of the number of beds and bed occupancy in 
hospitals in Aksaray are shown in Fig. 3.

The bed occupancy ratio and the number of beds are presented separately for the state 
and private hospital. The number of beds increased at about 50% in the state hospital 

Fig. 1  Number of outpatients change by time

Fig. 2  Number of hospitalized patients
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between 2011 and 2013. A 25% increase in the number of beds was present at the private 
hospital after 2013. In 2017, there were 605 beds in the hospitals in Aksaray. As a result of 
the studies, the number of hospital beds has increased and the demand has been met. Two 
opposite trends in total bed number and inpatient number yielded reduced bed occupancy 
ratio in Aksaray (Figs. 2, 3).

Figure 4 shows that the quantity of medical waste from the hospitals was about 760 kg/
day, representing an average waste production rate of 1.3 kg/bed-day in 2017.

Several medical waste generation rates around the world are given in Table 2. 
The highest waste generation can be sorted as follows: USA > Italy > Portu-

gal > Iran > France. These countries have a rate of higher than 3  kg/bed/day. However, 
some countries had variable values among different hospitals. The waste generation rate 
below 1 kg/bed/day was in India, Peru, Jordan Tanzania, in the ascending order. In some 
parts of India, the rate was 2 kg/bed/day. The closest waste generation rate to Aksaray was 
in Vietnam with 1.42 kg/bed/day. Eker and Bilgili (2011) conducted a study in the biggest 
city in Turkey. They reported a waste rate of 2.11  kg/bed/day in Istanbul. Higher waste 
generation rate than Aksaray was observed in Istanbul due to its economic development. 
The waste generation rates in Pakistan and Greece were close to those of Istanbul.

Fig. 3  Bed occupancy rate and bed number in hospitals
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3.2  Medical waste estimation

The available data were age classification, gross domestic product, number of polyclinics, 
number of beds and number of inpatients. Age classification and gross domestic product 
per capita were chosen to be the best indicators in order to estimate the medical waste 
amount. Three major groups were formed for age classification. The groups were 0–15, 
15–65 and > 65 ages. The gross national product was in US dollars ($). The independent 
variables are given in Table 1.

The multiple linear regression equation generated by the values in Table 1 is given as 
Eq. (2):

(2)y = −1418 + 0.003 ⋅ x
1
+ 0.0043 ⋅ x

2
− 0.00005 ⋅ x

3
+ 0.024 ⋅ x

4

Fig. 4  Gross medical waste amount and waste amount per bed-person

Table 2  Medical waste 
generation rates at different 
countries

Country Waste generation 
rate (kg/bed/day)

References

Iran 4.45 Askarian et al. (2004)
Thailand 1 Kerdsuwan (2000)
Portugal 2.5–4.5 Lee et al. (2004)
Italy 3–5 Lee et al. (2004)
USA 10.7 Bdour et al. (2007)
India 0.5–2 Prüss-Üstün and Townend (1999)
Peru 0.76–2.6 Diaz et al. (2008)
Vietnam 1.42 Diaz et al. (2008)
Pakistan 2.07 United Nations Environment 

Programme (2012)
France 3.3 Bdour et al. (2007)
Tanzania 0.84 Bdour et al. (2007)
Turkey 2.11 Eker and Bilgili (2011)
Jordan 0.83 Abdulla et al. (2008)
Greece 1.9 Tsakona et al. (2007)
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where x1, x2, and x3 are age classes of 0–15, 15–65 and > 65, respectively. x4 is the gross 
domestic product. The relation was statistically significant (p < 0.05). The adjusted R2 of 
the model was 0.94, which means 94% of the independent variable can be explained by the 
dependent variable. The standard error of the model was 9.9. The regression had extremely 
high determination coefficient (0.979) as shown in Fig. 5.

Further statistical indicators were used to test the performance of the proposed model. 
The exploited indicators were factor of two (FA2), index of agreement (IA), mean bias 
error (MBE) and mean absolute percentage error (MAPE). Equations of the statistical indi-
cator are given as Eqs. (3), (4), (5) and (6):

where Oi , Ō and Pi are observed value, mean observed value and predicted value, respec-
tively. FA2 gives the percentage of predicted cases in which observed-to-predicted ratio 
is between 0.5 and 2 (Agirre-Basurko et al. 2006). FA2 value close to the unity shows the 
best estimate. FA2 varied between 0.94 and 1.04 with a mean of 1.00. IA ranges between 0 
and 1, which is a standardized measure of the degree of the model estimation error (Will-
mott 1981). The values close to the unity show the perfect estimation. IA was calculated as 
0.995, which showed a very good model performance. MBE is used to understand whether 
the prediction is overestimated or underestimated. The calculated MBE was − 0.014, which 
showed that the mean predicted values were slightly higher than the mean observed values. 

(3)FA2 =

Oi

Pi

(4)IA = 1 −

∑n

i=1

�
Oi − Pi

�2

∑n

i=1

���Pi − Ō�� + ��Oi − Ō��
�2

(5)MBE =
1

n

n∑

i=1

(
Oi − Pi

)

(6)MAPE = 100 ×
1

n
×

n∑

i=1

|
|||

Oi − Pi

Oi

||||

Fig. 5  Plot of actual and pre-
dicted waste amount R² = 0.9798
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MAPE calculates the extent of the error in percentage. MAPE was 2.2%, which showed a 
low error level.

Hocket et al. (1995) applied regression models for statistical analysis of per capita waste 
generation that is expressed by demographic, economic and structural determinants. Their 
study concluded that the per capita purchase of goods and waste treatment fees were effec-
tive parameters of waste generation; on the other hand, demographic factors did not affect 
waste production. According to Thøgersen (1996), gross domestic product (GDP) per cap-
ita explained 50% of the variations in per capita waste generation in 18 OECD countries. 
The linear regression analyses in his study showed that there was a considerable correlation 
between GDP per capita and waste produced per capita. Previously, the estimation of medi-
cal waste generation was executed by artificial neural network (ANN) and MLR by Jahan-
dideh et al. (2009). In that study, ANN (R2 = 0.99) had a higher prediction capacity than 
MLR (R2 = 0.99). Su and Chen (2018) applied environmental Kuznets curve (EKC) model 
to estimate medical waste amount. The EKC model had a low determination coefficient 
(R2 = 0.6269). This study had a higher determination coefficient than EKC model in Su and 
Chen (2018) and MLR model in Jahandideh et al. (2009). The reason for the high estima-
tion potential can be attributed to the generalizability of the selected independent variables. 
Therefore, this model can be applied in a broader sense.

4  Conclusion

There is a great need to create and implement an appropriate medical waste management 
program to control and improve the current situation in the mid-populated city of Aksaray. 
Accurate estimation of the rate of production of medical waste plays an important role in 
the hospital waste management system. Sustainable management of medical wastes can 
only be implemented only if a precise waste prediction is made, unless investment in the 
sector would be inefficient. Therefore, the purpose of this research was to provide a suita-
ble model for estimating the generated waste amount. The discovered results are promising 
and can play a useful role in establishing an appropriate medical waste management system 
in health care. In particular, age-class distribution data and GDP per capita are proved to be 
significant determinants of waste production.
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