

[image: image1]
China’s air quality improvement strategy may already be having a positive effect: evidence based on health risk assessment









 


	
	
TYPE Original Research
PUBLISHED 10 October 2023
DOI 10.3389/fpubh.2023.1250572






China’s air quality improvement strategy may already be having a positive effect: evidence based on health risk assessment

Xianmang Xu1,2,3*, Wen Zhang4, Xiaofeng Shi4, Zhi Su5, Wei Cheng1, Yinuo Wei1, He Ma1, Tinglong Li1 and Zhenhua Wang2*


1Heze Branch, Biological Engineering Technology Innovation Center of Shandong Province, Qilu University of Technology (Shandong Academy of Sciences), Heze, China

2Shandong Analysis and Test Center, Qilu University of Technology (Shandong Academy of Sciences), Jinan, China

3Shanghai Key Laboratory of Atmospheric Particle Pollution and Prevention (LAP3), Department of Environmental Science and Engineering, Institute of Atmospheric Sciences, Fudan University, Shanghai, China

4Department of Clinical Medicine, Heze Medical College, Heze, China

5Heze Ecological Environment Monitoring Center of Shandong Province, Heze, China

[image: image2]

OPEN ACCESS

EDITED BY
 Ghulam Mujtaba Kayani, Hubei University of Economics, China

REVIEWED BY
 Manthar Ali Mallah, Zhengzhou University, China
 Mohd Faiz Ibrahim, Ministry of Health, Malaysia

*CORRESPONDENCE
 Xianmang Xu, xuxianmang168@qlu.edu.cn 
 Zhenhua Wang, wangzhh@qlu.edu.cn

RECEIVED 30 June 2023
 ACCEPTED 15 September 2023
 PUBLISHED 10 October 2023

CITATION
 Xu X, Zhang W, Shi X, Su Z, Cheng W, Wei Y, Ma H, Li T and Wang Z (2023) China’s air quality improvement strategy may already be having a positive effect: evidence based on health risk assessment. Front. Public Health 11:1250572. doi: 10.3389/fpubh.2023.1250572

COPYRIGHT
 © 2023 Xu, Zhang, Shi, Su, Cheng, Wei, Ma, Li and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
 

Aiming to investigate the health risk impact of PM2.5 pollution on a heavily populated province of China. The exposure response function was used to assess the health risk of PM2.5 pollution. Results shows that the total number of premature deaths and diseases related to PM2.5 pollution in Shandong might reach 159.8 thousand people based on the new WHO (2021) standards. The health effects of PM2.5 pollution were more severe in men than in women. Five of the 16 cities in Shandong had higher health risks caused by PM2.5 pollution, including LinYi, HeZe, JiNing, JiNan, and WeiFang. PM2.5 pollution resulted in nearly 7.4 billions dollars in healthy economic cost, which accounted for 0.57% of GDP in Shandong in 2021. HeZe, LiaoCheng, ZaoZhuang, and LinYi were the cities where the health economic loss was more than 1% of the local GDP, accounted for 1.30, 1.26, 1.08, and 1.04%. Although the more rigorous assessment criteria, the baseline concentration was lowered by 30 μg/m3 compared to our previous study, there was no significant increase in health risks and economic losses. China’s air quality improvement strategy may already be having a positive effect.
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Introduction

Air pollution and population health have always been hot topics in the field of environmental research (1–4). In the past decades, air pollution has caused a series of serious health hazards to people in China (5–8). As one of the main pollutants of air pollution, fine particulate matters (PM2.5) contains complex chemical components which including various toxic substances (9–11). Because of its diminutive size, PM2.5 can enter in the respiratory tract and lungs (12). Once some toxic substances enter the human bloodstream, they may increase the burden on the heart (13). Long-term exposure to high concentrations of PM2.5 will increase the health risk of the population, especially the respiratory diseases and cardiovascular diseases (14, 15). It also increases health care costs in related areas (16).

In previous studies, respiratory disease, cardiovascular disease, and lung disease were typically used as the health endpoints of health risk assessment (14–17). In some studies, asthma, acute bronchitis and chronic bronchitis are also part of the evaluation system (7, 18, 19). Some scholars use country’s air quality standards as health guidelines (20). In other studies, the World Health Organization (WHO) air quality guidelines are generally used as the baseline concentration for calculation. No matter which standard is adopted, it reflects people’s concern for environmental safety. That focus has been growing in recent years.

In March 2021, the “14th Five-Year Plan for National Economic and Social Development of the People’s Republic of China and the Outline of Long-term Goals for 2035” offered to intensify the battle against pollution and basically eliminate heavy pollution days. In October 2021, 10 ministries and commissions including the Ministry of Ecology and Environment and the governments of seven provinces (municipalities) including Shandong jointly issued the “Plan for Comprehensive Control of Air Pollution in Autumn and Winter 2021–2022.” 13 of the 16 cities in Shandong were included in the strategic control regions. In the “Action Plan for the Treatment of New Pollutants (2022)” issued by the General Office of the State Council, environmental health risk prevention has also been put at the heart of the case. Reducing the health risks and costs of PM2.5 pollution is a growing concern. As one of the most polluted areas in North China, Shandong is still facing a severe situation of air pollution prevention and control (21, 22). And the health and economic costs caused by PM2.5 pollution in Shandong should be made seriously.

As the third largest province in GDP in China, Shandong was plagued by air pollution (23). Although air quality in Shandong had been improving in recent years, heavy pollution events were still common in some cities (24–26). At present, only a few developed cites in Shandong have publicly reported the health risk of PM2.5, such as Jinan and Qingdao (27, 28). There was not any accurate data on the health cost of PM2.5 pollution for the whole Shandong Province. According to the relevant studies in key regions such as Beijing-Tianjin-Hebei, Yangtze River Delta and Pearl River Delta, the health cost of PM2.5 pollution exposure might accounts for 0.3–1.0% of the total annual GDP (18, 29–33). In 2021, the health cost caused by PM2.5 pollution in Shandong Province was preliminarily estimated to be about 3.86–12.88 billion dollars. On September 22, 2021, the WHO further improved the original air quality guidelines based on the conclusions of the current important reports by global scholars, and lowered the annual recommended level of PM2.5 from 10 μg/m3 to 5 μg/m3. The 24-h recommended level of PM2.5 was reduced from 25 μg/m3 to 15 μg/m3. The reduction in the health guideline concentration means a change in the original health risk assessment criteria for PM2.5 exposure. It also implies that the economic cost of PM2.5 exposure may have been underestimated.

In order to understand the PM2.5 health risk in Shandong Province. In this study, the health and economic effects of PM2.5 exposure in Shandong were evaluated using the new WHO guidelines as health threshold. The evaluation results were also compared with our previous study to discuss the impact of the new WHO guidelines on health risk assessment. Finally, the prevention and control strategies of air pollution in China were discussed based on the evaluation results. Therefore, this study will help clarify the health costs of PM2.5 pollution and fill the gap on the health economic effects of PM2.5 pollution in Shandong Province. It also provided scientific reference for the optimization of air pollution control strategy in China.



Materials and methods


Location information

Shandong Province is situated in the North China Plain, on the east coast of China. It consists of 16 cities (Figure 1). It covers an area of 158,000 square kilometers and has a population of over 101.5 millions (2021). Basic data in 16 cities of Shandong Province was shown in Table 1. The annual average concentration of PM2.5 was 39 μg/m3, a year-on-year improvement of 15.2% (2021). The annual average concentration of 39 μg/m3 was well above the new health guidelines of WHO. The Ambient Air Quality Composite Index, which takes into account the concentrations of six pollutants including PM2.5, PM10, SO2, NO2, CO, and O3, is used to rank the air quality of 168 key Chinese cities. In this comprehensive index ranking of 168 key cities in China, four cities including Zibo, Liaocheng, Heze and Zaozhuang were in the bottom 20. The situation of air pollution prevention and control in Shandong province was still serious.
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FIGURE 1
 (A) Shandong Province within China; (B) Cities in Shandong Province.




TABLE 1 Basic data in 16 cities of Shandong Province.
[image: Table1]



PM2.5 concentration data

Shandong is one of the provinces with serious air pollution in north China, especially in the western part of Shandong. According to the Bulletin of Ecological Environment of Shandong Province (BEESP 2021), only four cities had PM2.5 concentrations that met the II-level National Guidance Standard, including Qingdao, Yantai, Weihai, and Rizhao. The remaining 12 cities had average annual concentrations of more than 35 μg/m3. All of the 16 cities failed to meet WHO health guideline. In this study, the PM2.5 data was obtained from the Bulletin of Ecological Environment of Shandong Province (BEESP 2021),1 Shandong Environmental Air Quality Status Report (SEAQSR 2021),2 and the Official website of Shandong Department of Ecology and Environment.3



Population health information

Since population health data were difficult to obtain, the health data used in this study mainly came from the Disease and Health Status Report of Residents in Shandong Province (DHSR 2016; it can be obtained by contacting corresponding author) and the Report on Incidence and Mortality of Key Chronic Diseases in Shandong Province (RIMKCD 2018; it can be obtained by contacting corresponding author). The health cost data was obtained from the Statistical Bulletin of Health Development of Shandong Province (SBHDSP 2021).4 Population data were obtained from the Seventh National Census (SNC 2021)5 published in May 2021. This study also assessed the health risks of PM2.5 for different genders in Shandong. The Male/Female ratio was from the public security household registration statistics in Shandong Statistical Yearbook (SSY 2022).6 Area data was drawn from government portals.



PM2.5 health effect assessment

To assess the health risks of PM2.5 exposure, the first step should be to correlate PM2.5 concentrations with population health. Therefore, it is a critical step to determine the exposure response coefficients used in this work. In this study, all exposure response coefficients were referenced from our earlier studies and other recent relevant studies in China (18, 27, 34–36). Table 2 presents the baseline incidence for six health endpoints in Shandong Province.



TABLE 2 Baseline incidences and exposure-response coefficients associated with 10 μg m−3 increment of PM2.5.
[image: Table2]

In a large population, the occurrence of disease can be regarded as a low probability event (18, 27). Therefore, its probability of occurrence should conform to the Poisson distribution (34). In this study, the health risk was calculated with the PM exposure response function which was the WHO recommended model for health effect estimation in high PM concentration area (WHO, 2006). There are four major factors in the Equations (1) and (2), which including population size, PM2.5 concentration, exposure response coefficient, and the baseline incidence of health endpoint.
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Here, E0 is baseline incidence of a disease, Ei is the estimated incidence of health endpoint i under PM2.5 concentration C, C0 is the baseline concentration of PM2.5 (set as 5 μg/m3, the new WHO annual guideline concentration), C is the exposure concentration of PM2.5, βi is the exposure response coefficient. P is the population size, ∆E is for population health risks associated with PM2.5 pollution. In this study, C0 refers to the new WHO standards.



PM2.5 economic effect assessment

In this study, health economic losses were estimated using health risk assessment results and average disease costs. The economic effect of PM2.5 was assessed with the following equation:

[image: image]

where ECi is the total cost of health endpoint i; Costi is the cost per case.

Here, the health economic effect of hospitalization was estimated using the cost of illness (COI) method (7, 18, 27). Hospitalization costs were obtained from the SBHDSP 2021. Premature death cost was estimated using the method of value of statistical life (VSL) (37). VSL refers to the willingness-to-pay of patients to avoid risk of death. Since willingness-to-pay usually increases with people’s income, a adjusted equation was utilized to correct VSL in this study (27). The per capita income was obtained from Shandong Statistical Yearbook. The adjusted equation of VSL as following:

[image: image]

where VSLnow and VSLpast refers to current and past willingness to pay; Incomenow and Incomepast represents current and past per capita income; e is an elastic coefficient of willingness-to-pay assumed to be 0.8. In this study, VSL was adjusted twice because it lacked a reliable reference value in Shandong. Firstly, it was adjusted to get VSL2021 based on VSL2016 in Jinan. Then, it was adjusted again to get VSLShandong based on the VSLJinan in 2021.




Results and discussion


PM2.5 concentration status report

Pollutant concentration is one of the important factors affecting health risk assessment results (38–40). High levels of PM2.5 exposure will increase the risk of some health endpoints such as respiratory, cardiovascular and lung diseases (41–43). As shown in Figure 2, the PM2.5 concentration was relatively low in the area of Shandong Peninsula. While it had a high concentration in the western area of Shandong province. Industrial distribution and regional differences, as well as unbalanced economic development, might lead to the spatial differences in PM2.5 concentration in Shandong. The PM2.5 concentrations of 16 cities in Shandong Province have been provided in Table 1. Therefore, the health effects of PM2.5 pollution were likely to be greater in the western area of Shandong province without considering the influence of population density factor. PM2.5 pollution might have great impact on the four cities including Heze, Jining, Zibo, and Liaocheng.

[image: Figure 2]

FIGURE 2
 PM2.5 concentrations in 16 cities of Shandong Province in 2021.




PM2.5 health risk assessment

As shown in Table 2, the baseline incidences of health endpoints were provided. The incidences of cardiovascular and respiratory diseases were obtained from China Health Statistics Yearbook (CHSY, 2021)7  Male/Female incidences were calculated based on the hospitalization rate of residents and the sex ratio of hospitalized patients in the national survey data in 2018. Due to the exposure-response coefficient of lung cancer morbidity cannot be obtained, its coefficient referred to lung-cancer mortality in this work.

The evaluation result showed that the premature death related to PM2.5 pollution contributed 3.16% of all-cause deaths (shown in Table 3). Among them, the proportion of male was 1.79%, and the proportion of female was 1.37%. Cardiovascular mortality, respiratory mortality, and lung-cancer mortality related to PM2.5 pollution contributed 1.85, 5.08, and 12.51%, respectively, to annual cases of these health endpoints. Cardiovascular hospital admission, respiratory hospital admission, and lung-cancer morbidity related to PM2.5 pollution contributed 2.38, 3.85, and 12.51% to yearly cases of these health endpoints. The four health endpoints related to PM2.5 pollution including all-cause mortality, respiratory mortality, lung-cancer mortality, and lung-cancer morbidity in male were higher than those in female. The contribution of cardiovascular mortality in male and female was roughly equal. The contributions of cardiovascular and respiratory hospital admission in female were higher than those in male. This result was consistent with the findings reported by Bell et al. (44) and Sang et al. (45). Bell et al. (44) pointed out that women might be more susceptible to PM2.5-related hospitalizations for some respiratory and cardiovascular causes. Sang et al. (45) suggested that global ambient PM2.5 pollution caused more premature deaths and consumption in men than in women. Therefore, PM2.5 pollution had a greater impact on respiratory mortality and lung-cancer mortality and morbidity in male. And it also made a significant contribution to all-cause premature deaths in male. While it played an import role on cardiovascular and respiratory hospital admission in female. As a whole, the health consequences of PM2.5 pollution appeared to be more severe in male than in female. For male, more attention should be paid to daily physical examination to reduce the premature death risk from diseases related to PM2.5 pollution, especially respiratory system examination including lungs and respiratory tract.



TABLE 3 Health effect of PM2.5 in Shandong in 2021.
[image: Table3]

Based on the evaluation results of this study, the number of premature deaths and illnesses related to PM2.5 pollution in Shandong Province reached 159,817 in 2021. Without considering population density, LinYi, HeZe, JiNing, JiNan and WeiFang had higher health risks caused by PM2.5 pollution. In each of these cities, more than 14,000 people experienced premature death or morbidity due to PM2.5 pollution. Only three cities, WeiHai, DongYing and Rizhao, were less impacted by PM2.5 pollution in terms of health risk. The number of premature deaths and illnesses affected by PM2.5 in each of these areas was less than 5,000. Therefore, further strengthening the control of PM2.5 emission will have a positive effect on population health, especially in areas with high health risks.



PM2.5 health economic costs

Health economic effect assessment is an important means to evaluate the economic burden of environmental pollution to a city (46–49). The value of statistical life (VSL) method was a common method to assess the health cost of premature death in previous studies (34). The occurrence of respiratory and cardiovascular diseases is closely related to PM pollution, which has been confirmed in many previous studies (50–54). Therefore, the hospitalization costs for respiratory and cardiovascular diseases were also assessed in addition to premature death endpoint in this study. Since the exact cost of each disease could not be obtained, the mean hospitalization cost was selected as the reference value for calculation in this work. Owing to the high mortality rate of lung-cancer, its health cost was estimated using VSL method in this study. The costs of premature death and hospitalization were shown in Table 4. Finally, the economic effect related to PM2.5 pollution was assessed based on the result of health risk assessment.



TABLE 4 Health cost situation.
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Some scholars suggested that the health economic costs caused by PM2.5 pollution could be around 1% of GDP (7, 22). As shown in Table 5, the health economic loss of each heath endpoint related to PM2.5 pollution was estimated. It resulted in nearly 7.4 billions dollars in healthy economic cost, which accounted for 0.57% of GDP in Shandong in 2021. This result was basically consistent with our previous study in Beijing. It accounted for 0.87, 0.54, and 0.45% of GDP in Beijing during 2014–2016, respectively (34). The percentage of health economic loss in GDP was lower than other long-term exposure studies in China (18, 27, 35). It may be due to the failure to account for outpatient costs, such as asthma, acute bronchitis and chronic bronchitis. In addition, the reduction of air pollution in China may also be a factor in the falling economic costs of health (34, 55, 56).



TABLE 5 Health economic effect of PM2.5 exposure in Shandong in 2021 (million US$).
[image: Table5]

Overall, the health economic effects were higher for male than for female in Shandong. The health economic costs of male and female accounted for 0.336 and 0.239% of GDP, respectively. In terms of the health effects in cities, LinYi, HeZe, JiNing, JiNan, WeiFang, and LiaoCheng were the cities where the health economic cost was more than 500 millions. For the proportion of health economic cost, HeZe, LiaoCheng, ZaoZhuang, and LinYi were the cities where it was more than 1% of GDP, accounted for 1.30, 1.26, 1.08, and 1.04% of the GDP in local areas. On the whole, the economic cost of health in highly polluted and densely populated areas in Shandong was higher than that in other cities. It also led to a heavier fiscal burden for these areas.



Policies implication

Since the publication of the WHO Air Quality Guidelines - Global Update 2005 (AQG2005), it has had a positive impact on air pollution control policies around the world (57, 58). AQG2005 provided the first globally referenced framework for air pollution control targets and established transitional targets based on the potential risk of death from long-term exposure to each pollutant (59–61). It was then adopted by many highly polluted regions and countries as progressive targets for the gradual reduction of air pollution (62). China also updated its Air Quality Standards in 2012, and included PM2.5 and O3 in monitoring projects for the first time (63). With the progress of science, the monitoring capabilities of environmental and health and the level of exposure and risk assessment had gradually improved (64). It led a significant increase in scientific evidence of the health hazards of air pollution (65, 66). Finally, WHO updated the AQG again in September 2021 on the basis of comprehensive analysis and scientific assessment of the literature and results over the past 15 years. Air quality standards have become more stringent.

As air quality standards have been ever more stringent, PM2.5 health guideline has also been changed and further reduced. Population health risks and economic effects assessed based on the new WHO standards should be higher than that using the previous air quality standards. However, the increase of health risks and economic costs related to PM2.5 pollution was not very significant compared with our previous study. Considering these differences in population, economy, and environment, making a direct comparison between Shandong and Beijing may not be entirely appropriate. The total health effects and economic losses caused by PM2.5 pollution may vary greatly in the two regions. Therefore, in order to reduce the uncertain impact of these factors, this study only compared the proportion of PM2.5 pollution-related health endpoints and the proportion of economic loss in local GDP between the two regions. Finally, whether it was the proportion of affected population or the proportion of health economic costs, the results of this study were comparable to our previous assessment of Beijing in 2015 (34). In our previous study of Beijing, it was the Class II limit values of the National Ambient Air Quality Standard (35 μg/m3) that used as the baseline concentration to complete the health risk assessment work. It was a full 30 μg/m3 higher than the baseline concentration used in this study. The fact that the health and economic effects related to PM2.5 did not increase significantly under the stricter standards can only be attributed to the possibility that China’s air pollution control measures were having a positive effect. The annual PM2.5 concentration assessed in this study should be at least 30 μg/m3 lower than that in Beijing in 2015. In fact, the PM2.5 concentration in Beijing was 80.6 μg/m3 in 2015, while it was 39 μg/m3 in Shandong in 2021. Therefore, with the positive effect of China’s air pollution control measures, the nationwide decrease in PM2.5 concentration was the main reason why the health and economic effects related to PM2.5 pollution had not increased substantially in this study. China’s air quality improvement strategy had started to pay off, which was confirmed in this study from the perspective of health risk assessment.

Although the results of this study were mainly based on the analysis of PM2.5 pollution in Shandong Province, they still provided side evidence for the positive effects of air quality improvement strategies in China. In the follow-up studies, strengthening regional difference analysis and long-term assessment may be more valuable for evaluating China’s air quality prevention and control strategies. In addition, how to tailor the prevention and control strategies of different regions according to the health risks of regional populations should also attract the attention of decision-making departments. Reducing population health risks should be the ultimate goal of improving air quality.




Conclusion

In this study, the exposure response function was used to assess the health risks of PM2.5 pollution in Shandong Province. The cost of illness (COI) method and value of statistical life (VSL) method were used to estimate the health economic losses associated with PM2.5 pollution. The new WHO (2021) Health Guidelines were used as the PM2.5 baseline concentration in this study. The health risks and economic effects of PM2.5 exposure in 16 cities in Shandong Province were assessed separately. Results showed that despite a 30 μg/m3 reduction in PM2.5 baseline concentration compared to our previous study, there was no significant increase in health risks and economic losses. About 159.8 thousand people died or became ill prematurely due to PM2.5 pollution, which caused a health economic loss of about 7.4 billion dollars in Shandong. The health economic cost accounted for about 0.57% of GDP in Shandong in 2021. It was similar to our previous assessment of the economic effects of PM2.5 pollution in Beijing in 2015. Therefore, under the more stringent criteria, there was no qualitative change in the assessment of health risks and economic losses, which proved that China’s air pollution prevention and control strategy might already be having a positive effect.
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