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Medical waste has a high environmental risk, economic development and medical policies can affect medical waste generation. Per capita gross domestic product (GDP) is an important indicator to measure the macroeconomic development status, and the tiered medical policy plays an important role in the process of China’s medical reform. The study considered the Environmental Kuznets Curve (EKC) of medical waste generation (MWG) in eight cities in China from 2013 to 2019, using economic indicator (GDP per capita) and policy indicator (tiered medical policy) to reveal the impact of economic development and medical policy on MWG. Furthermore, residents, especially the elderly, are the main consumers of medical resources, and medical institutions are the main places where medical waste is generated. Education level can affect waste management practices. Therefore, the research introduced population size, number of medical institutions, aging degree and education level as control variables. The results confirmed the validity of the N-shaped EKC curve between medical waste and GDP per capita. The amount of medical waste would continue to increase with economic growth, but the growth rate was not fixed. Implementing the tiered medical policy had shown a trend towards reducing medical waste. Population size and aging degree positively affected the generation of medical waste. The number of medical institutions negatively affected the generation of medical waste. The effect of education level on MWG could be ignored. Based on the empirical analysis results, this research put forward relevant policy suggestions in the light of medical waste management practice in China.
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1 INTRODUCTION
Medical waste is a unique pollutant with infectious, polluting and toxicity produced by medical institutions in diagnosis, treatment, prevention and care (Lee et al., 1991). Because it carries a large number of pathogenic microorganisms, harmful chemicals and even radioactive substances (Chaerul et al., 2008), medical waste has a high risk of environmental pollution. It releases large quantities of harmful gases when stored in the open air (Hossain et al., 2011), releases carcinogens when burned (Windfeld and Brooks, 2015), and causes serious health threats for health technicians, garbage cleaners, patients and their families when disposed randomly (Mohammed and Elias, 2017). In addition, the scouring of pathogenic bacteria and heavy metals carried by medical waste into the soil will affect the survival of animals and plants (Mavakala et al., 2016). Improper disposal of medical waste during the COVID-19 epidemic may also be a new source of infection. As a solid line of defense for public health safety, medical waste management has always received widespread attention from the international community (Cao et al., 2021). Since the promulgation and implementation of the Regulations on the Administration of Medical Wastes (State Council of the People’s Republic of China, 2003), China has also formed a standardized medical waste management system, which has gradually been supplemented and improved under the new requirements of policy standards. After the outbreak of the COVID-19 epidemic, General Secretary Xi Jinping put forward higher demands on the collection and disposal of medical waste, the management of medical waste and environmental risks have once again attracted significant great attention from the state and widely concerned by the public (You et al., 2020).
In recent years, the medical waste generation (MWG) in China is growing. According to the Ministry of Ecology and Environment statistics, there were 547,500 tons of medical waste in 261 large and medium-sized cities in China in 2013 (Ministry of Ecology and Environment of the People’s Republic of China, 2019). By 2019, the number of medical waste in 196 large and medium-sized cities increased to 843,000 tons (Ministry of Ecology and Environment of the People’s Republic of China, 2020). As of the end of 2019, a total of 442 hazardous waste licenses were issued nationwide for the disposal of medical waste, and the actual amount of medical waste handled by licensees was 1.18 million tons (Ministry of Ecology and Environment of the People’s Republic of China, 2020). Since the beginning of 2020, the COVID-19 epidemic has greatly affected the quality and quantity of waste generated, including municipal solid waste and medical waste (Hantoko et al., 2021). The amount of medical waste has increased sharply in responding to the COVID-19 outbreak and the national production of medical waste was expected to increase by more than 25% in 2020 compared to 2019 (Silva et al., 2020). At the same time, China’s medical waste disposal capacity has increased by 27% compared with that before the epidemic, from 4,903 tons per day to 6,227 tons per day, and the medical waste disposal rate has basically reached 100% (Hbzhan, 2021). Although the basic medical waste disposal system in China has been established, with the ever-increasing amount of medical waste, the expanding medical waste disposal market needs to be further standardized. In order to curb environmental pollution and health threats of medical waste, we must increase our attention and understanding of the issue of medical waste, carrying out proper and targeted planning for the control and management of waste generation (Aldieri et al., 2019). This study explores the factors affecting the generation of medical waste, which is of great significance to medical waste management.
The relationship between the economic system and the environmental system has always been the focus and hotspot of many scholars in the field of environmental economics. Studies showed that the amount of waste was related to economic development level of a country or region (Marinković et al., 2005). With the rapid development of the economy, the continuous progress of medical technology and the significant improvement of medical level, the multi-purpose medical equipment has been transformed into safer, single-purpose medical equipment, leading to a rapid increase in MWG (Mbongew et al., 2008). At the same time, economic growth is accompanied by the gradual improvement of people’s living standards, more and more people can afford modern medical services. The increase in the number of doctor visits further leads to an increase in MWG (Yu et al., 2018). It can be seen that there is also a significant relationship between MWG and economic development (Windfeld and Brooks, 2015). Generally, the Environmental Kuznets Curve (EKC) model was considered to be an important model for evaluating the relationship between municipal solid waste (MSW) generation and economic factors, and per capita gross domestic product (GDP) was an important economic indicator in the model (Fu et al., 2015; Chen, 2018; Khandelwal et al., 2019). Although medical waste is a kind of MSW, few articles had studied the relationship between economic growth and medical waste based on the EKC model. Therefore, it is valuable to study the relationship between economic growth and MWG based on the EKC model with GDP per capita as an economic indicator.
Studies have found that government policies can significantly affect waste generation (Shams et al., 2017) and that government regulations, taxes and support programs play an important role in waste management (Malinauskaite et al., 2017). Many countries implement waste policies to control waste generation. Marti and Puertas (2021) determined the effectiveness of policies by analyzing the status of waste management in 41 OECD and EU member States and found that countries with high levels of participation in environmental treaties have made significant progress in waste management and can reduce waste generation to some extent. More specifically, Caniato et al. (2015) proposed that medical policy has an important impact on the management structure of medical waste, and thus on the amount of medical waste produced. Since the implementation of the new medical reform in China, tiered medical policy has always been promoted as the core content, the purpose of which is to reshape the order of residents’ medical treatment, improve the efficiency of medical services and save medical resources through the implementation of measures such as primary consultation, up-and-down collaboration, two-way referral and rapid and slow separation. In 2015, the General Office of the State Council issued the Guiding Opinions on Propelling the Building of a Hierarchical Diagnosis and Treatment System (General Office of the State Council of the People’s Republic of China, 2015). It proposed that by 2017, the policy system for tiered medical should be gradually improved, and that by 2020, the capacity of tiered medical services should be comprehensively improved. Some scholars have verified the effectiveness of tiered medical policy for saving medical resources based on the Andersen model and difference-in-difference method (Gong and Sun, 2021), but the effect of the implementation of tiered medical policy on the MWG need to be further studied.
Based on the above analysis, the impact of economic growth and tiered medical policy on medical waste is a matter of concern. At the same time, population size (Ansari et al., 2019), the number of beds in medical institutions (Su and Chen, 2018), the number of medical institutions (Wei et al., 2020), age structure data (Çetinkaya et al., 2020), education level (Mattar et al., 2018), healthcare spending per capita (Windfeld and Brooks, 2015) and so on could also affect the generation of medical waste. In addition, previous studies on the influencing factors of medical waste were mostly based on multiple linear regression models (Windfeld and Brooks, 2015; Korkut, 2018), stochastic impact by regression on population, affluence and technology (STIRPAT) models (Cheng et al., 2020; Wei et al., 2020) and correlation analysis (Minoglou and Komilis, 2018; Ansari et al., 2019), few used the EKC model (Su and Chen, 2018).
This research established the EKC model with panel data of eight cities in China, and the main research objectives were as follows. First, descriptively analyzed the time trend of the amount of medical waste in China. Second, verified the relationship between the per capita GDP and MWG of each city. Third, investigated the impact of implementing the tiered medical policy on MWG in each region. Finally, comprehensively analyzed the influence of other factors on MWG. This study can fill the vacancy of related research on the EKC hypothesis in the field of medical waste in China, and can also evaluate the implementation effectiveness of the tiered medical policy from an environmental perspective.
This study consists of five parts: introduction, literature review, data and methods, results and discussions, and the last part of conclusions and policy recommendations.
2 LITERATURE REVIEW
The literature review firstly sorted out the theoretical basis and related research of the EKC hypothesis, and then reviewed the relevant empirical research on economic development, policy and medical waste generation.
2.1 Related Research on the Environmental Kuznets Curve Model
The Kuznets curve hypothesis originated from Kuznets’ original research in 1955, which revealed an inverted U-shaped relationship between per capita income and income inequality. As per capita income increased, income inequality exhibited the same increasing trend in the initial period, but began to decline after reaching a turning point. Therefore, the initial stage of income growth was characterized by an unequal distribution of income, but as the economy grew, the distribution of income gradually became more equal (Kuznets, 1955). Subsequently, Grossman and Krueger, 1995 proposed the environmental Kuznets curve (EKC) to describe the inverted U-shaped relationship between economic development and environmental quality, arguing that economic growth leads to environmental degradation, but that when economic income reaches a certain level, the environmental degradation degree decreases with economic development. The EKC hypothesis attracted a lot of attention in the 1990s. However, influenced by other factors, the environmental Kuznets curve is not necessarily an inverted U-shaped and may be positive U-shaped, positive N-shaped, inverted N-shaped, monotonically increasing, monotonically decreasing, or even irregular shapes. At present, environmental degradation and environmental quality decline have been issues of global concern. Many scholars used the EKC hypothesis to study the relationship between economic development and environmental quality. Table 1 lists the relevant studies based on the EKC model in the past 5 years.
TABLE 1 | Compilation of studies on the EKC hypothesis in the past 5 years.
[image: Table 1]Due to the wide application range of the EKC model, the environmental indicators of related research involved a variety of environmental issues. Table 1 shows that most of the research focused on air pollutant emission, water quality, industrial wastewater emission, land resource quality, solid waste and so on, especially carbon emission was a hot topic in EKC hypothesis research (Bashir et al., 2021). Few studies involved the field of medical waste. Chinese contributed the largest number of EKC research (Bashir et al., 2021), but in the field of medical waste, only Su and Chen (2018) verified the existence of an inverted U-shaped EKC in illegal disposal of medical waste in Taiwan, finding the linear relationship between MWG and economic growth. No studies had yet investigated the validity of the EKC hypothesis in medical waste in mainland China. Furthermore, Table 1 shows that, even for the same topic, differences in research methods and data still make the EKC shape uncertain. Therefore, the validity of the EKC hypothesis in medical waste in mainland China and the shape of the EKC curve are issues worth exploring. Although there are many literatures related to the EKC hypothesis, this study is still innovative and valuable.
2.2 Empirical Research on Economic Development, Policy and Medical Waste Generation
In previous studies, Windfeld and Brooks (2015) found a linear relationship between per capita GDP and MWG by regression analysis based on data from 14 countries. Minoglou and Komilis (2018) selected 16 economic, social, health and environmental indicators from 41 countries, finding a significant positive correlation between GDP and waste generation by regression models and principal component analysis. Based on the STIRPAT model to quantify the impact of socio-economic factors on medical waste in China since the outbreak of SARS, Wei et al. (2020) also found significant positive correlation between medical waste production and GDP. Ansari et al. (2019) conducted a correlation analysis on the economic indices and environmental performance indices of hospital solid waste in developing countries, finding that per capita GDP in developing countries was significantly correlated with hospital solid waste generation rate. It can be seen that the previous research mainly focused on the correlation and linear relationship between MWG and economic growth, and few studied the relationship between economic growth and medical waste generation based on the EKC model.
The EKC hypothesis states that environmental quality will only improve after reaching a certain economic threshold. If the EKC hypotheses are correct, achieving economic growth will be accompanied by environmental degradation, and failure to implement policy measures to prevent environmental damage could lead to severe ecological consequences (Usman et al., 2019). Therefore, many countries implement waste policies to control the increase in waste.
In recent years, many studies have investigated the impact of policy implementation on MSW generation. Cheng et al. (2020) verified that implementing waste charging policy can effectively reduce the generation of MSW based on panel data of 258 cities in China. Jaligot and Chenal (2018) used time-series data on policy implementation in ten regions of the Swiss canton’s Vaud, finding that the waste bag tax policy was significantly associated with a reduction in MSW production. Zhao et al. (2020) analyzed the effectiveness of the second MSW source classification plan based on the consideration of urban spatial interactions in China, finding that the policy significantly reduced MSW production. Medical waste belongs to a category of municipal solid waste, and the impact of policy implementation on medical waste is also worthy of attention. Based on empirical research, Su and Chen (2018) found that implementing the disease diagnosis-related group (DRG) policy can effectively reduce the generation and illegal disposal of medical waste, which means that medical policy implementation may have an important impact on medical waste. The tiered medical policy is the core of China’s new medical reform, and its impact on MWG is worth exploring.
In conclusion, there was no research based on panel data in mainland China to verify the existence of the EKC phenomenon and the effectiveness of the tiered medical policy from the perspective of medical waste. Therefore, this study used the panel data of eight cities in China from 2013 to 2019 to establish an environmental Kuznets curve model to study the relationship between economic growth and MWG, analyzing the impact of implementing tiered medical policy on MWG.
3 DATA AND METHODS
3.1 Summary of Selected Variables
3.1.1 Dependent Variable
Medical waste generation. Medical waste is direct or indirect hazardous waste produced by medical and health institutions in diagnosis and treatment, nursing and other related activities, mainly including infectious waste, pathological waste, damaging waste, pharmaceutical waste, chemical waste. With the development of the economy, the expansion of the medical system and the epidemic of the COVID-19 in 2019, the demand and consumption of medical equipment and medical supplies have increased significantly (Bloom et al., 2018), and MWG is also gradually increasing. The generation of large amounts of medical waste poses a direct threat to the environment and public health, and the generation of medical waste needs to be safely and properly controlled and managed (Peng et al., 2020). Therefore, MWG was selected as the dependent variable in this research.
3.1.2 Independent Variables
GDP per capita. GDP per capita is an important index to reflect the economic development, and an effective tool to understand and grasp the macroeconomic operation of a country or region. Many studies have confirmed a significant positive correlation between per capita GDP and MWG (Minoglou and Komilis, 2018; Wei et al., 2020), arguing that the faster the economy develops, the more medical products and services are consumed, the more medical waste is generated. However, other studies have found that when the economy reaches a certain stage, the growth of GDP per capita is associated with the reduction of waste (Ercolano et al., 2018; Cheng et al., 2020). There is no consensus on the relationship between GDP per capita and MWG. Therefore, GDP per capita was selected as the core independent variable to study the EKC relationship between economic growth and MWG.
Tiered medical policy. The purpose of implementing tiered medical policy is to reshape the structure of the medical service system and allocate medical resources rationally, which can fundamentally reduce the double waste of medical resources in primary medical institutions and large hospitals. Based on empirical analysis, Gong and Sun (2021) found that implementing tiered medical policy has significantly saved diagnosis and treatment service resources and improved the utilization efficiency of medical resources. However, no research has paid attention to whether tiered medical policy can further reduce MWG while reducing the waste of medical resources. Although the time for exploring tiered medical varied from place to place, the first list of pilot cities was officially finalized at the national level in August 2016 to promote the pilot work of tiered medical on a large scale (National Health Commission of the People’s Republic of China, 2016). This research used 2017 as the node to study the impact of the implementation of the tiered medical policy on MWG.
3.1.3 Control Variables
3.1.3.1 Population Size
The population is considered to be a major factor affecting waste emissions (Sin et al., 2005) and is also a direct cause leading to medical waste generation (Wei et al., 2020). Ansari et al. (2019) found that in the past 2 decades, the amount of medical waste in developing countries has been increasing as the population has grown. China is the most populous country in the world. The larger the population, the more medical resources are consumed and the more medical waste is generated. Wei et al. (2020) used an environmental stress model (STIRPAT) and a time series model (Autoregressive Integrated Moving Average, ARIMA) to predict the trend of medical waste generation in China, finding that by 2030, even without the COVID-19 pandemic, based on China’s population size, MWG would still be more than 50% higher than in 2018. Therefore, it is necessary to consider the effect of population size on MWG.
3.1.3.2 Number of Medical Institutions
Medical institutions are the main places where medical behaviors occur and medical resources are consumed. Health technicians generate a large amount of medical waste when performing diagnostic, treatment and nursing activities. From 2013 to 2019, the number of medical institutions in China increased by about 30,000 (National Health Commission of the People’s Republic of China, 2020; 2019). Research showed that as the number of medical institutions increases, so will medical waste and pollutants (Kalogiannidou et al., 2018). However, since 2009, China has launched the “Medical Waste Management Project for Medical Institutions”, which promotes medical institutions to replace disposable medical supplies with repetitive medical supplies as much as possible, and recycle part of the recyclable materials in medical waste to reduce the generation of medical waste from the source. Therefore, the relationship between the number of medical institutions and the MWG needs to be further verified.
3.1.3.3 Ageing Degree
The ability of people to save health capital will decrease with the increase of age, and the depreciation rate of the elderly health capital is higher, which increases the elderly demand for medical care services (Hao et al., 2020), in turn leading to an increase in medical waste. Based on empirical analysis, Brownlee et al. (2017) found that in developed countries, rapid population aging is the main reason for the increase in hospital usage, and this growing usage has resulted in a corresponding increase in the hospital solid waste generation rate. With aging population in China increasing, many studies also showed that areas with a deeper aging degree have greater medical needs and higher utilization of medical services and medical resources (Li and Yang, 2017; Zhan and Zhang, 2017), generating more medical waste. Therefore, age structure data especially aging degree is an important determinant of the generation of medical waste.
3.1.3.4 Education level
MWG is generally related to the consumption of medical resources or medical services and the environmental knowledge and waste management practices of medical personnel and staff. Wang (2011) and Lu et al. (2017) indicated that education level has a significant impact on the public’s demand for medical services, which in turn affects the consumption of medical resources and the generation of medical waste. Education level is also critical for medical staff to effectively manage medical waste (Windfeld and Brooks, 2015), and improving the education level of staff in healthcare facilities may help improve medical waste management practices, thereby reducing the amount of medical waste. Furthermore, highly educated people are more concerned about environmental issues and have more environmentally conscious behavioral intentions (Torgler and García-Valinas, 2007). Therefore, the effect of education on MWG is inconclusive.
3.2 Variable Descriptions and Data Sources
The study selected panel data from eight cities in China from 2013 to 2019 for empirical research, including Shanghai, Beijing, Guangzhou, Chengdu, Hangzhou, Chongqing, Wuhan, and Zhengzhou. The specific variables are shown in Table 2. The data on MWG were derived from the Annual Reports on the Prevention and Control of Environmental Pollution by Municipal Solid Waste (2014–2020) and due to the availability of data, the study could only obtain the specific values of the top 10 cities in the annual amount of MWG. In addition, this study used 2017 as the key time node for advancing tiered medical policy. The data of each city’s GDP per capita, permanent population, number of medical institutions, the proportion of the elderly population over 65, and the proportion of university students in the population aged six and over were derived from the statistical yearbooks of each city (2014–2020) and National Statistics Yearbook (2014–2020). Among them, some urban statistical yearbooks lacked the proportion of the elderly population over 65 and the proportion of university students aged six and over, replaced by provincial data. The summary statistics for each variable are shown in Table 3.
TABLE 2 | Descriptions of variables.
[image: Table 2]TABLE 3 | Summary statistics of variables.
[image: Table 3]3.3 Research Models
The study used the panel data of eight cities from 2013 to 2019. In order to capture the heterogeneity among individuals, the estimation strategy for panel data usually adopts the individual effect model:
[image: image]
Among them, [image: image] are dependent variables, [image: image] are independent variables that varies with individuals and time, [image: image] are dependent variables that only varies with individuals, [image: image] and [image: image] are estimated coefficients of variables, [image: image] is individual effect item, [image: image] is the disturbance item that varies with individuals and time.
Based on the individual effect model, this study constructed the EKC models 1, 2, and 3 of MWG.
3.3.1 Environmental Kuznets Curve Model of Economic Growth and Medical Waste Generation
Considering the complexity of the relationship between economic variables and environmental variables, we introduced the linear, square, cubic terms of GDP per capita as independent variables to construct a simple EKC model 1 between economic growth and MWG:
[image: image]
Among them, the environmental variable [image: image] is the amount of medical waste generation in city [image: image] in year [image: image], the economic variable [image: image] is the GDP per capita in city [image: image] in year [image: image], [image: image] are estimated coefficients of variables, [image: image] is the urban fixed effect item and [image: image] is an unobservable disturbance item.
Depending on the estimated coefficients, there will be a different EKC relationship between GDP per capita and MWG (Table 4).
TABLE 4 | The estimated coefficients, curve shape and economic significance of EKC model.
[image: Table 4]3.3.2 Environmental Kuznets Curve Model of Economic Growth, Tiered Medical Policy and Medical Waste Generation
The implementation of the tiered medical policy can promote the rational allocation of medical resources and reduce the waste of medical resources. From the perspective of medical waste, we examined the effectiveness of the tiered medical policy, introduced policy dummy variable into the simple EKC model, and constructed model 2:
[image: image]
Among them, [image: image] is a policy dummy variable, when [image: image]; otherwise, [image: image]. β4 is estimated coefficients of variable. Other variables and coefficients have the same meaning as above.
3.3.3 Robustness Test of Environmental Kuznets Curve Model
The research mainly focuses on the impact of economic growth and medical policy on the amount of medical waste, but the population size, number of medical institutions, aging degree and education level also affect the generation of medical waste. Therefore, the control variables were added to the model to test the robustness of the research results, and constructed model 3:
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Among them, [image: image] is the number of the permanent population in city [image: image] in year [image: image], [image: image] is the number of medical institutions in city [image: image] in year [image: image], [image: image] is the proportion of elderly people over 65 in city [image: image] in year [image: image], [image: image] is the proportion of university students in the population aged six and over in city [image: image] in year [image: image]. β5, β6, β7, β8 are estimated coefficients of variables. Other variables and coefficients have the same meaning as above.
3.3.4 Estimation Strategy
The individual effect model includes two estimation strategies, the fixed effect model and the random effect model, the differences of which depends on whether the individual effect is related to other independent variables. The Hausman test can be introduced to determine which estimator is more effective (Hausman, 1978). The results of the Hausman test in this study showed that using the individual fixed effect model is more effective, and the estimation process are as follows:
Given an individual [image: image], average both sides of Equation 1 over time:
[image: image]
Eq. 1 minus Eq. 5, and get the dispersion form of the original model:
[image: image]
Define [image: image], [image: image], [image: image], then:
[image: image]
It can be seen that the individual fixed effects can obtain a consistent estimator by performing dispersion transformation on the model and eliminating [image: image], thereby solving the problem of missing variables that do not vary with time but vary with individuals. Therefore, using the individual fixed effects estimation strategy for empirical analysis can eliminate the heterogeneity among the eight cities in this study.
4 RESULTS AND DISCUSSIONS
4.1 Analysis of the Total Amount of Medical Waste Generation
According to statistics from the Ministry of Ecology and Environment, in recent years, the number of large and medium-sized cities that published medical waste statistics in China has been on the decline overall, but the total amount of medical waste counted has been on the rise (Figure 1). Among them, the amount of MWG in the top 10 cities has increased year by year, accounting for the proportion of total medical waste statistics that has gradually stabilized after 2014 (Figure 2).
[image: Figure 1]FIGURE 1 | Number of cities that published medical waste statistics each year and annual MWG.
[image: Figure 2]FIGURE 2 | The amount and proportion of MWG in the top 10 cities.
Figure 3 shows the amount of MWG in eight cities from 2013 to 2019. Among them, Shanghai and Beijing produced the most medical waste, far exceeding other cities, due to they are the most economically developed regions in China, with a large population, advanced medical technology and abundant medical resources. It can be found from the figure that there are significant differences in the time trends of MWG in eight regions. Waste production in Beijing has been growing steadily, while Shanghai’s waste production has been growing relatively fast in the early stage, showing a slowdown in 2019. In addition, the waste production in Chengdu shows a trend of first increasing, then decreasing and finally increasing. The waste production in Hangzhou shows a negative growth in 2019, and the waste production in Wuhan shows a trend of first decreasing and then increasing. However, the GDP per capita of each region is increasing year by year. It indicates that there is a nonlinear relationship between economic growth and MWG.
[image: Figure 3]FIGURE 3 | The amount of MWG in eight cities from 2013 to 2019.
4.2 Model Regression Results and Discussions
We regressed the simple EKC model 1 which contained only economic variable and the EKC model 2 which introduced the policy dummy variable, respectively, to study the impact of GDP per capita and tiered medical policy on MWG. Then we regressed the EKC model 3 that introduced the control variables to study the effect of the control variables on MWG and test the robustness of the regression results of the models 1 and 2. The results are shown in Table 5.
TABLE 5 | Regression results of the EKC models of MWG.
[image: Table 5]The results showed that the EKC curve between GDP per capita and MWG was N-shaped. The coefficients of linear, square and cubic terms were positive, negative, and positive, respectively, and were all significant at the level of 5%. The introduction of other variables in models 2 and 3 did not affect the sign and significance of the coefficient of GDP per capita. The EKC curve diagram shows no inflection point in the cubic curve, which means that MWG increases with the growth of GDP per capita, showing a monotonous increasing trend (Figure 4). However, the growth rate of MWG slowed down and then accelerated with the growth of GDP per capita. As Figure 4 shows, waste production growth slows significantly when the GDP per capita level is within a certain range. It was calculated that when GDP per capita was around 93,700 yuan, the growth rate of medical waste was the slowest. Among the eight cities, Chongqing’s GDP per capita in 2019 was 75,800 yuan, and the impact of economic growth on MWG was still at a gradual weakening stage. GDP per capita in other regions has exceeded 93,700 yuan, and the growth rate of medical waste has gradually accelerated with economic growth.
[image: Figure 4]FIGURE 4 | EKC curve between GDP per capita and MWG.
There was a significant N-shaped relationship between GDP per capita and MWG. However, the curve had no inflection point, showing a monotonous increasing trend, which confirms the conclusion that hospital solid waste in developing countries was significantly related to GDP per capita (Ansari et al., 2019). Nevertheless, it was different from Karagiannidis et al. (2010), Windfeld and Brooks (2015), Su and Chen (2018) and others’ research results, which observing a linear incremental relationship between economic growth and MWG. The study holds that the two rapid growth stages of MWG with GDP per capita growth are due to the change of public health care needs at different stages of economic development. Traditional economic theories indicate that the most important factor influencing the satisfaction of individual needs is the individual income level. When the economic development level is relatively low and medical resources are less accessible, to meet the basic medical services and health needs of the public, various regions continue to improve the level of medical and health technology. The continuous expansion of the scale of medical production factors and the widespread use of disposable medical consumables lead to a rapid increase in medical waste (Khan et al., 2019). With further GDP per capita improvement, public health awareness deepens, and personalized, diversified and high-level health care needs are further stimulated (Han et al., 2017). Studies have shown a significant positive correlation between health care expenditure and GDP per capita, and health care expenditures tend to grow faster than GDP per capita in the long run (Hensher et al., 2020). Therefore, rapid economic growth will stimulate public demand for health care and increase medical services (Russo et al., 2016), thereby contributing to the high generation of medical waste.
The regression results of models 2 and 3 showed that the implementation of the tiered medical policy reduced the generation of medical waste, with regression coefficients of −0.008 and −0.013, but the impact was not significant (p > 0.1). The purpose of implementing the tiered medical policy is to classify the disease according to the severity and urgency, and to reshape the order of medical treatment through primary consultation, up-and-down collaboration and rigorous referral (Sepulveda et al., 2008), so that patients can make full use of medical resources while receiving reasonable diversion, reducing the waste of medical resources and the generation of medical waste. Previous empirical research results have proved that the implementation of the tiered medical policy can significantly reduce emergency visits and the average length of hospital stay (Gong and Sun, 2021). However, the effect of this policy has not yet been reflected in the reduction of medical waste. It may be because the comprehensive promotion and implementation of the policy is not long, coupled with the policy lag period, the effect of the policy has not yet been significantly manifested. It may also be due to the lack of depth of implementation of the tiered medical policy and the improvement of policy effectiveness is mainly driven by the number of policies, rather than the quality of the policies (Wu et al., 2021). The policy has only a short-term effect on the correction of medical treatment orders and the reasonable allocation of medical resources (Wang et al., 2021a), which will not have a major impact on MWG with the long-term policy effect disappearing. It may also be because the implementation of the tiered medical policy is not yet in place, and some problems in the implementation process have not been resolved. At present, in the implementation of tiered medical, the proportion of primary consultations at the grassroots level is between 50 and 60%, which is still far from the target of 70%. The proportion of primary medical institutions in the total number of visits has dropped from 61.82% in 2009 to 53.04% in 2018, with no upward trend (Zhang, 2020). The medical treatment structure cannot achieve a reasonable balance, the waste of medical resources still cannot be improved, and the generation of medical waste will not decrease.
Population size was significantly positively correlated with the increase in MWG, with a coefficient of 1.409, which was significant at the statistical level of 5%, indicating a 1.41% increase in MWG for every 1% increase in population size. It is consistent with the empirical research results of Wei et al. (2020) on medical waste, that for every 1% increases in population size, MWG increased by 2.47%. It can be seen that the population size is still the main influencing factor of MWG in China. In addition, some scholars directly used the fitting equation between the MWG rate and the population to estimate Istanbul’s future medical waste volume (Korkut, 2018). Medical waste is a direct product of people in the process of medical treatment. The increase in population size will inevitably lead to an increase in the demand for medical and health services and the utilization of medical resources, thereby leading to an increase in MWG.
The number of medical institutions significantly affected MWG at the statistical level of 10%. For every 1% increase in the number of medical institutions, the production of medical waste decreased by 0.35%, contrary to the results of previous studies. Wei et al. (2020) found that for every 1% increase in the number of medical institutions, medical waste increased by 0.40%. Medical institutions are the main places where medical waste is generated. In order to reduce the adverse environmental impact of persistent organic pollutants in the process of medical waste disposal, the source reduction of medical waste has been listed as one of the key tasks in the world (Mohammed and Elias, 2017). The Medical Waste Management Project for Medical Institutions organized and implemented by the Hospital Management Institute of the Ministry of Health in China from 2009 to 2017 also focused on promoting the reduction, harmlessness, and recycling of medical waste at the source (Li et al., 2020). In the process of implementation, many medical institutions used the PDCA concept to manage medical waste reduction, which not only improved the staff’s awareness of classified collection and recyclability, but also achieved the actual effect of medical waste reduction (Zhang et al., 2011; Liang et al., 2016; Zhang et al., 2019). Therefore, even if the number of medical institutions continues to increase, the in-depth advancement of medical waste reduction work may still be able to control the amount of MWG effectively.
Increased aging degree contributed to an increase in the production of medical waste. For every 1% increase in the degree of aging, the amount of medical waste would increase by 0.01%, although the impact was not significant enough at present (p > 0.1). Many scholars have found that age is an important factor affecting medical expenses (Colombier and Weber, 2011; Breyer et al., 2015). Compared with the population under 65, the medical expenses of the elderly have increased more rapidly (Fuchs, 1984). With the continuous growth of the elderly population, the demand for health and medical treatment is increasing, and the increase in the utilization of medical resources will lead to more medical wastes. According to calculations, the average life expectancy in China increases from 76.3 years in 2015 to 77.3 years in 2019 (National Health Commission of the People’s Republic of China, 2020); the total fertility rate in 2020 reduced to 1.3 extremely low fertility levels (Wang and Li, 2021); the aging rate in China is expected to reach 21% in 2035, entering the stage of a super-aging society (Li and Du, 2021). Although the impact of aging on medical waste is currently slight, in the future, as the aging problem increases, medical demand and medical pressure further deepen, the amount of medical waste generated will inevitably increase.
The regression coefficient of education level was -0.001, and the significance level was greater than 10%, which indicated that the impact of education on MWG was weak. Su and Chen (2018) also confirmed that education level had no significant effect on medical waste generation. On the one hand, education helps to raising environmental protection awareness of medical personnel and public (Gaeta et al., 2017) and the willingness to contribute to the environment (Ercolano et al., 2014). Education can also promote medical waste management practices of health care technicians to some extent (Williams, 2014). So the improvement of educational level may negatively affect the generation of medical waste. On the other hand, since people with higher levels of education are more aware of health and may consume more medical services to minimize the risk of disease, an increase in the level of education will increase the utilization rate of public health services (Rhodes et al., 2008), which in turn will positively affect the generation of medical waste. In summary, the negative and positive effects cancel each other out, and the impact of education on the amount of medical waste becomes slight.
5 CONCLUSION AND POLICY RECOMMENDATIONS
The generation and disposal of medical waste have a high environmental risk. In order to prevent and control its serious threats to human health and the ecological environment, reducing the generation of medical waste from the source has become an important task. Using the panel data of eight cities from 2013 to 2019, the research discussed the impact of GDP per capita, tiered medical policy and other factors on medical waste, which provides a theoretical basis for medical waste management practice in China and has some reference significance to other developing countries.
The conclusions of the research are as follows:
First, the EKC curve between medical waste and GDP per capita was N-shaped, economic growth was a key factor affecting the amount of MWG. Since the curve had not inflection point, the amount of MWG gradually increased with economic growth, but the growth rate changed from fast to slow with economic growth, and then from slow to faster.
Second, the implementation of the tiered medical policy could reduce the generation of medical waste, but the impact was not significant enough, which confirmed the effectiveness of the policy to some extent, and also showed that the policy effect was still limited.
Third, population size was an important factor influencing MWG and the increasing aging degree promoted the generation of medical waste. Although the impact was not significant, the medical and environmental pressures with the aging trend cannot be ignored. The increase in the number of medical institutions negatively affected the generation of medical waste, benefitting from the in-depth advancement of medical waste reduction work in medical institutions. Education level had no significant effect on the amount of MWG.
Based on the research conclusions and the background of the COVID-19 epidemic, we put forward the following suggestions:
First, improve medical waste capacity of collection, transfer and disposal. Although the amount of MWG was monotonically increasing with economic development, the growth rate of waste generation varied in different periods of development. The economic development level of various regions in China is not balanced. Different regions should arrange the construction of medical waste disposal facilities in advance according to the law of development to improve the capacity of medical waste disposal. In addition, the size of the population and the degree of aging could affect the generation of medical waste. For areas with denser populations and serious aging, it is necessary to increase the number of medical waste disposal institutions and facilities to relieve the pressure on waste disposal in a timely manner. At the national level, a modern medical waste collection, transportation and disposal system and governance system that combines centralized disposal and self-disposal, territorial responsibility and regional coordination should be established to improve the modern level of medical waste collection, transportation and disposal. At the same time, it is necessary to put forward practical key link management technical points to guide grass-roots supervisors and front-line collection and transfer staff, quickly improve the efficiency of medical waste disposal and supervision, and reduce environmental pollution and health risks in key processes.
Second, actively promote the landing of tiered medical policy. The implementation of the policy of tiered medical has shown a negative impact on medical waste, but at present, the effectiveness of the policy is not significant enough, and the reform measures are not yet in place. As patients pay more attention to the quality and effectiveness of diagnosis and treatment, economic incentives have little effect on guiding the public’s medical behavior, and the siphoning effect of public hospitals is still significant. Therefore, in response to the shortage of high-quality medical resources at the grass-roots level, it is urgent to actively introduce excellent doctors and high-quality resources to the primary medical institutions. It is not only necessary to increase the introduction of talents in traditional Chinese medicine, rehabilitation, and nursing to improve the management of chronic diseases at the grass-roots level, but also to expand the drug catalogue of primary medical institutions to meet patient needs. Furthermore, government decision-making departments should increase the motivation for reform, realize coordinated comprehensive management and policy compatibility between different departments, pay more attention to the implementation of policies, actively promote the landing of tiered medical, and improve the effectiveness of reforms.
Third, continue to promote the reduction of medical waste. The most important step in medical waste management is to minimize the generation of waste. With the core purpose of reducing the generation of medical waste, we should clarify the classification of medical waste according to the disposal technology, encourage recycling, and plan from the source to avoid waste. With economic growth, increased health awareness, and aging problems, the increasing demand for medical and health in the future will lead to a large amount of medical waste, which also puts forward higher requirements on the waste management capabilities of medical institutions. Medical institutions, especially primary medical institutions, should further strengthen policy advocacy and practical training of medical waste management, improve the awareness of medical personnel in the classification and collection of recyclable waste, and reduce the use of disposable medical consumables, thereby reducing the generation of medical waste from the source. At the same time, medical waste management should be incorporated into the overall hospital management system, an effective medical waste management responsibility system and performance appraisal system should be established, and the reduction of medical waste should be continuously promoted. The management department should implement information-based supervision, keep abreast of the changes and problems in the progress of reduction work, promoting the scientific development of medical waste management.
Fourth, improve the emergency management system of medical waste. In the context of the epidemic and normalization of the COVID-19, along with the increase in infection cases, MWG is also increasing accordingly. In order to avoid secondary disasters caused by the COVID-19 epidemic and secondary pollution caused by medical waste, it is critical to establish a sound emergency management system for medical waste. First of all, medical waste should be classified reasonably, and biosafety control technology should be integrated into waste classification facilities. Highly infectious medical waste, general medical waste and general domestic waste shall be managed by source classification and diversion. Secondly, promote the standardization of emergency disposal of medical waste, formulate technical specifications and unified technical requirements in combination with the level of epidemic prevention and control of infectious diseases. Finally, it is necessary to establish daily joint prevention and control mechanism and coordinated emergency response mechanism during major epidemics involving multiple departments. Based on the daily supervision of medical waste, the interaction between the departments of health, ecological environment, transportation, and housing and urban-rural construction should be strengthened, and a long-term mechanism for emergency disposal of medical waste should be established.
This study investigated the EKC phenomenon in the field of medical waste, and also examined the implementation effect of the tiered medical policy from the perspective of medical waste. Since the study was based on analysis of macro data released by the Chinese government, the findings were general but not targeted. Due to the limited literature currently available on the EKC phenomenon in medical waste, a comparison of the EKC shapes cannot be made. In the future, more micro-data are needed to support the relevant empirical research on the EKC phenomenon of medical waste, and the research perspective can also be extended to other countries.
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