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Abstract

:

This study aimed to assess the health effects of emissions released by cement industries and allied activities, such as mining and transportation, in the salt range area of district Chakwal, Pakistan. DISPER was used to estimate dispersion and contribution of source emission by cement industries and allied activities to surface accumulation of selected pollutants (PM2.5, PM10, NOx, and O3). To assess the long-term effects of pollutants on human health within the radius of 500 m to 3 km, Air Q+ software was used, which was designed by the World Health Organization (WHO). One-year average monitoring data of selected pollutants, coordinates, health data, and population data were used as input data for the model. Data was collected on lung cancer mortality among different age groups (25+ and 30+), infant post-neonatal mortality, mortality due to respiratory disease, and all-cause mortality due to PM2.5 and NO2. Results showed that PM2.5 with the year-long concentration of 27.3 µg/m3 contributes a 9.9% attributable proportion (AP) to lung cancer mortality in adults aged 25+, and 13.8% AP in adults age 30+. Baseline incidence is 44.25% per 100,000 population. PM10 with the year-long concentration of 57.4 µg/m3 contributes 16.96% AP to infant post-neonatal mortality and baseline incidence is 53.86% per 1000 live births in the country. NO2 with the year-long concentration of 14.33 µg/m3 contributes 1.73% AP to all-cause mortality. Results obtained by a simulated 10% reduction in pollutant concentration showed that proper mitigation measures for reduction of pollutants’ concentration should be applied to decrease the rate of mortalities and morbidities. Furthermore, the study showed that PM2.5 and PM10 are significantly impacting the human health in the nearby villages, even after mitigation measures were taken by the selected cement industries. The study provides a roadmap to policymakers and stakeholders for environmental and health risk management in the area.
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1. Introduction


Kallar Kahar is an internationally important area—having the second-largest salt range of the world, the historic Katas Raj temple, and some associated wetlands. The area is enriched with limestone and clay; hence, it has an attraction for the establishment of cement industries due to the emerging demand for cement from the China–Pakistan Economic Corridor (CPEC). Air pollution is an emerging issue in some parts of the salt range (Kallar Kahar), due to established cement industries, and it may become worse due to some proposed cement industrial plants in the area. The area was selected to provide a road map for sustainable environmental management. The outcome of this research work will provide guidelines for sustainable solutions to the decision makers. Respiratory and some other health issues have been reported in the salt ranges of Pakistan. The health risk assessment of air pollution has been performed by using the WHO-recognized Air Q+ model in this study [1]. Globally, a huge number of countries suffers with poor air quality due to emissions of particulate matter (PM2.5 and PM10), which have adverse human health impacts [2]. PM (PM2.5 and PM10) is the main pollutant responsible for health issues in the study area. It has been assessed through pollution dispersion modeling that the main contributor in the particulate matter is the cement industry, which is going to expand in the near future due to the increasing demand for cement in the country due to CPEC projects. Positive relationships and diverse adverse effects of PM2.5 have been shown in long and short-term exposures during past epidemiological studies [3].



Chronic obstructive pulmonary disease and ischemic heart disease are caused due to short-term exposure to PM2.5 [4]. Respiratory, cardiovascular, and lung cancer problems are associated with long-term exposure of people to such toxic pollutants. An increase of 10 µg/m3 of PM2.5 results in an increase of 8% in lung cancer mortality [5]. Particulate matter is considered to be among group 1 of carcinogenic and lung cancer-causing elements by the International Agency for Research on Cancer (IARC) [6]. The number of deaths (hospital admissions) caused by a particular pollutant in a specific region is measured through numerical/mathematical modeling approaches. For proper management, the number of deaths caused by air pollution must be known for the surrounding area of the workers. The results help policymakers and authorities to assign financial resources sustainably. Extra hospital admissions, deaths, and extra medication may put health care systems under many burdens [7]. Air Q+ is a new tool proposed by the WHO for health impact assessment. This software helps to find the relationship between air pollution and public health. To get quantitative measurements of health impacts and the number of diseases caused by outdoor air pollutants (PM10, PM2.5, O3, NO2, and black carbon), Air Q+ was developed in 2016. This software evaluates both the long- and short-term mortality and morbidity of air pollutants. Household air pollution from solid fuel (SFU) can also be assessed by this mode [1] .



Exposure to ambient air pollution has caused more than 3.7 million deaths globally [8]. Low–middle-income countries in South and East Asia countries have one-fourth of air pollution-related causalities, due to having the highest levels of coarse and fine particulate matters [9]. As it is difficult to obtain data, most of the studies to assess the relationship between air pollution and health impacts have been conducted in countries that already have monitoring systems, such as China [10]. South Asian countries such as Pakistan require more attention where population increase (107 million in 1990 to 197 million in 2017) is putting pressure on economic growth, and, ultimately, air pollution due to vehicles and industries is increasing rapidly [11]. Though its relation to air pollution is very complex, an enormous increase in coronary artery disease and hypertension has been observed in urban regions of Pakistan [12,13]. Air pollution is one of the main avoidable dangers to wellbeing around the world. It has been named the “silent killer” by the WHO. As indicated by the WHO, non-communicable infections are the universally driving reason for mortality. Around 71% of 56 million mortality that happened worldwide in 2015 are ascribed to non-communicable infections, essentially cardiovascular sicknesses (31%), tumors, diabetes, and lung illnesses. In Europe, CVD represents 45% of the death rate, and inside the 28 nations of the European Union (EU-28) it is 37%. This adds up to 2.14 million and 1.85 million mortality each year respectively [14,15,16].



Sulfate, nitrate, ammonium, elemental carbon, organic carbon, silicon, and sodium ion are chemical components of PM that may contribute more than 1% of PM2.5 mass on a monthly or annual basis [17]. When NO2 is exposed to ultraviolet radiation, it undergoes a complex sequence of interactions with hydrocarbons to produce photochemical smog, which is a mixture of ozone, nitric acid, aldehydes, peroxyacyl nitrates (PANs), and other secondary pollutants, which may be present in the form of PM in the atmosphere.



Increased morbidity and mortality associated with heart and respiratory diseases are caused by air pollution with specific exposure to airborne PM. The latest data shows that ambient air pollution is a major environmental health problem. Exposure to PM2.5 has caused approximately 4.2 million premature deaths globally and 0.5 million in the European region. For non-communicable diseases (NCD), air pollution is an important risk factor. Air pollution is recognized as one of the five major risk factors along with alcohol usage, tobacco smoking, unhealthy diets, and physical inactivity. This was declared in United Nations’ high-level meetings on NCD held in September 2018. Increased global responses have been made to the adverse health effects of air pollution in 2016, which were adopted at the sixty-ninth World Health Assembly. Besides air pollution, other kinds of contamination (water, soil, etc.) are also increasing the incidence of health and wellbeing threats. The presence of pollutants in soil could clog the pores, which results in decreased aeration and water infiltration capacity, and also increased bulk density. Application of salts that are ionic in nature might improve these soil properties [18].



Due to the fundamental framework for the actions of UN member-state countries, stakeholders, and the WHO, the health department of Pakistan has taken a lead in raising awareness about the impacts of air pollution on public health. The framework has proved to be a major step in accelerated global response in four disciplines: strengthening of institutional capacity, vast knowledge base, monitoring/reporting, and global leadership and coordination. Target 3.9 of the UN sustainable development goals (SDGs) states that deaths and illnesses caused by hazardous air pollutants must be reduced by 2030. Target 7.1 ensures reliable and affordable access to modern energy services. Target 11.6 emphasizes minimizing per capita environmental impacts on cities by giving special attention to air quality, and municipal and other waste management. In Pakistan’s Mines and Minerals Department, Punjab has been declared a designated negative area in the salt range, which is limestone mountainous contour, due to water preservation, pollution, and the international importance of Katas Raj Temple. The adjacent area has been utilized by new cement industries for the lease and establishment of cement factories without keeping in view the health impacts and the contouring of the area, which is one of the factors that entraps the air pollution. The trapped air pollution in the low-lying areas impact the health of the people significantly and the number of villages has been pointed out in the study that are susceptible to be impacted in the future if new cement industries are allowed to be established without keeping in view the health risks of air pollution and contouring of the area [19]. As the air pollutants such as PM2.5, PM10, CO, CO2, SOx, and other volatile substances have numerous other health risks to the affected victims, tree plantation could be beneficial for improvement of air quality [20].




2. Materials and Methods


The health risk assessment model of the World Health Organization (WHO), the AirQ+, was used to estimate the attributable proportion of ambient pollutants (PM2.5, PM10, NO2, O3) concentration, to mortality due to lung-cancer, post-neonatal, all-cause, and respiratory-disease mortality, on the nearby residents of the selected study area. The study area is shown below in Figure 1.



Three cement industries (A, B, and C) were selected in the study area and were supposed to be possible health impactors in the nearby villages (the human settlements). Biomass and fossil fuel burning were the processes observed at the selected cement plants; source emission was correlated with actual measured data for ambient air quality data. Source emission data was modulated through the DISPER model for a possible contribution of selected three cement industries present within the radius of approximately 3 km, and there is no significant source of air pollution in the area, except allied transportation activities. Source emissions of these industries were measured with a flue gas analyzer, and an isokinetic sampler was used to measure stack PM and pollution dispersion modeling was conducted to compare the data with the measured ambient air data for a year-long period. The ambient air data was collected by an ambient air monitoring station using the US-EPA method [21], as given in Table 1.



Actual monitored data for the whole calendar year of ambient air quality was incorporated in the Air Q+ model. Mortality, morbidity, and the population of certain age groups were collected through different sources including the bureau of statistics, research study, and the health department of Punjab, Pakistan, and probable data was cross-checked by a questionnaire. Site coordinates were taken using a global positioning system (GPS) device. The health data and population data were collected through different sources like the bureau of statistics, research works, the health department of Punjab, and World Bank data on health for Pakistan.



Air Q+ software is used in ecological studies with focus on epidemiological data to estimate the effects of pollutants on the population of a specific area and period. It is recommended software by the WHO. This software is based on the gravimetric method and statistical equations. It correlates air quality data with epidemiological parameters, i.e., attributable proportion (AP), relative risk (RR), baseline incidence (BI), and percentage mortality per 100,000 persons. The RR is defined as the likelihood of disease due to exposure to a pollutant. The RR and BI values were taken from the data files of AirQ+ developed by the WHO [22]. Annual data of PM2.5, PM10, NOx, and ozone concentrations of the year 2018 were collected by monitoring in the selected areas by an ambient air quality monitoring station. The AirQ+ model does not account for the wind speed and wind direction. Inputs required for health impact assessment through the AirQ+ model are given in Figure 2 [23]. The data was processed by Microsoft Excel, and simulated results were obtained to predict the reduction in RR values by decreasing the pollutants concentrations.



The instruments were dually calibrated before the monitoring and ambient air quality data were compared with source emission data. The source emission data was modeled through a dispersion model to compare the actual measured data of ambient air quality. Secondly, as there is no other industry near the selected cement industries, a possible contributor could be vehicles visiting these cement industries, which is one of the components of these cement industries contributing to air pollution which was not excluded. All calculations performed by AirQ+ are based on methodologies and concentration response functions established by epidemiological studies. The concentration–response functions used in the software are based on the systematic review of all studies available and their meta-analysis.



There are different models used for air quality. GEOS-Chem provides estimates of global annual mean concentrations of PM2.5 and other pollutants [24]. GEOSChem can be used to simulate annual average of PM, AirQ+ is used for health risk assessment using surface-measured data, and for assimilation of data the DISPER model was used in the present study. According to Lee et al., GEOSChem provides daily average concentrations of PM2.5 on surfaces [25]. The model differs from AirQ+ software, which provides the relative risk of mortality due to exposure to certain pollutants. GEOS-Chem is the chemical transport model, which provides air pollution assimilation. In the present study, the DISPER model has been used to assimilate and estimate the air pollution contribution by cement plant clusters. The model data was compared with the actual surface data of air pollution monitoring by the ambient air quality station owned by Pak Green Enviro-Engineering Pvt. Ltd., Lahore (Pakistan). BenMAP (Environmental Benefits Mapping and Analysis Program, version 4.0.67), can be used to calculate the health impacts of exposure to Black Carbon (BC), after the assimilation of data by the GEOS-Chem air quality model [26].



The research is based on “air quality data” to predict the possible impact for one year in the study area. One year of data was the requirement for the AirQ+ model, the metrological data for the last five years is available for the study area, there is a slight variation in metrological data, and the variation of ambient air pollutant concentration data depends upon mitigation taken in the air to control the pollution. Ambient air quality is directly correlated with metrological data and vice versa [27].




3. Results


Monitoring data of the ambient air pollutants released during the year 2018 was used in this study. Trends of different pollutants throughout the year are given in Figure 3.



The means of measured data of each pollutant was incorporated in the AirQ+ model along with the data of mortality of certain age groups, total population, total population of certain age groups, and study area coordinates.



The calculated health impacts of the AirQ+ model of NO2 pollutants are presented in Figure 4. Results showed that the mean concentration of NO2 observed during the study was 14.33 µg/m3 and its effect on human health was determined. The total population at risk was 21,628 and relative risk (RR) was 1.01. The estimated attributable proportion was 1.73% and the estimated number of attributable cases per 100,000 population was 12.95. During the 2016–2017 period in Ahvaz, Iran, the natural all-cause mortality rate in adults aged 30+ years due to NO2 was 806.56 per 100,000 population when the population at risk was 581,881, which is quite close to the present study [28]. The estimated attributable proportion (1.73%) of NO2 is lesser than those of PM10 and PM2.5, hence the NO2 pollutant is impacting health comparatively less in all-cause mortality.



The calculated health impacts of the AirQ+ model of PM2.5 was observed on adults aged 30+ for all-cause mortality after input of all data. Figure 5 shows values of RR, AP, and BI for all pollutants and their mortality rates. Results showed that the population at risk was 7786, out of which the attributable proportion was 9.9% and relative risk was 1.10. This ratio of RR showed an increased estimated number of attributable cases. The percentage of AP in the present study is in line with the study conducted by Yarahmadi et al., where all-cause mortality from PM2.5 showed AP 12.09% during the 2013–2016 period. Hence, PM2.5 is significantly contributing to the all-cause mortality among the 30+ age group.



The effect of PM2.5 was determined to evaluate lung-cancer mortality in adults aged 30+ years. The mean concentration was 27.33 µg/m3, as shown in Figure 6. The total population at risk was 7786, out of which the estimated attributable proportion was 13.88% which gave a central relative risk of 1.16. This result is in close agreement with the study conducted in Tehran, which showed RR 1.199 for the years 2015–2016 and AP 17.44% for lung cancer mortality [29]. Several studies identified PM exposure as a major cause of lung cancer and relative risks range from 3.36–0.91 [30]. During another study in the period 2014–2017 in Iran, Karimi et al. reported the effect of PM2.5 on mortality due to lung cancer among adults aged 30+ years, where the attributable proportion was 30.56 per 100,000 persons. Results are similar to the study in which Gharavandi et al. reported that PM2.5 exposure causes lung cancer mortality [31]. Hence PM2.5 is significantly contributing to lung cancer mortality in the 30+ age group.



The AirQ+ model predicts the “attributable proportion” or relative risk to mortality of a certain age group due to the pollutant concentration. The attributable proportion will increase with the increase in the concentration of a certain pollutant. For example, the annual concentration of PM2.5 was 27.33 µg/m3 as compared to the WHO standard of 10 µg/m3; and mortality due to lung cancer in the 25+ age group is 44 out of 10,000 population. AirQ+ predicted that the attributable proportion of PM2.5 with a concentration of 27.33 µg/m3 will be 9.8%. If the concentration remains within the limit of 10, the WHO standard, the relative risk will be nil.



3.1. Atributale Proportion and Relative Risks of Pollutants


Attributable proportion and relative risks of each pollutant are given in Table 2, the outcomes of the AirQ+ model.



The effect of PM2.5 was determined to evaluate lung-cancer mortality in adults aged 30+ years. The mean concentration was 27.33 µg/m3 as shown in Figure 7. The total population at risk was 7786, out of which the estimated attributable proportion was 13.88%, which gave central relative risk 1.16. The upper and lower values for RR are shown by different colors in Figure 2. Our study is in close agreement with the study conducted in Tehran, which showed RR of 1.199 for the 2015–2016 period and AP 17.44% for lung cancer mortality [34]. Several studies identified PM exposure as a major cause of lung cancer, and relative risks range from 3.36–0.91. During another study during the years 2014–2017 in Iran, Karimi et al. reported that the attributable proportion of PM2.5 on mortality due to lung cancer in adults aged 30+ years was 30.56 per 100,000 persons [35]. Our results are similar to the study reported by Gharavandi et al., that PM2.5 exposure causes lung cancer mortality. The main section of cement production during which workers are exposed to PM2.5 is raw material grinding. Cement dust contains silica that can cause silicosis, reducing the ability of the lungs to absorb oxygen [31]. Hence PM2.5 is significantly contributing to the lung cancer mortality in the 30+ age group.




3.2. Effects of PM10 on Post-Neonatal Infant Mortality


The effect of PM2.5 on mortality due to lung cancer in adults aged 25+ years was also studied. Our results demonstrated that the mean concentration of PM2.5 was 27.33 µg/m3. This effect was studied per 100,000 population, out of which 48% of the population was at risk and relative risk was 1.10. Figure 8 also shows the upper, lower, and central values for RR. The attributable proportion was 9.89%. Ansari and Ehrampoush showed the RR 1.062 due to long-term PM2.5 exposure between the years 2017–2018 at concentrations above 10 µg/m3, which is less than the RR value obtained in our study [36].



The studies during 2006–2011 showed that the concentration of PM2.5 ranged from 14.3–52.5 µg/m3. The attributable proportion in their study for different cities was recorded, with maximum AP of 41.3% in Cracow and minimum AP 19.5% in Szczecin [37]. Pope et al. showed mortality hazard ratios due to PM2.5 exposure at 10 µg/m3 elevation, with all-cause mortality at 1.06 and cardiovascular mortality 1.34 in the adult population of the U.S. [38]. The study conducted by Guo et al., in China showed overall 51,219 deaths associated with PM2.5 in 2005 and relative risk was 1.08. The attributable proportion due to lung cancer was 13.7% with variations in age and gender. The AP and RR of our study are quite close to this study done in China [39]. Similarly, Yarahmadi et al., reported 5073 deaths due to long-term exposure to PM2.5 [29]. Faridi et al., showed a positive correlation with temperature and PM2.5 in Iran, while no correlation was found between precipitation and particulates. This is in line with the correlation observed in another study [32]. A significant increase in mortalities was observed with the increase of every 10 µg/m3 PM2.5 concentration. An increase in hypertension deaths was also observed due to PM10 exposure with increasing concentrations [40].



The effects of PM10 on post-neonatal infant mortality were studied in the present study, and Figure 8 shows an incidence rate of 53.86 per 1000 live births in a year and that 100% of the population was at risk. The mean concentration recorded was 57.39 µg/m3. The estimated number of attributable cases per 1000 population at risk was 9.14 while the relative risk was 1.20. The estimated attributable proportion was 16.96%. In Tehran, during 2006–2017 the estimated attributable proportion of PM10 ranged from 7.9–28.7% for postneonatal infant mortality [41]. Mehmood et al. reported in Pakistan that post-neonatal infant mortality due to long-term exposure to PM10 occurred 52.1 times per 100,000 population. In Islamabad, 239 deaths of post-neonatal infant mortality were observed during 2017 [42]. The concentration of PM10 was found to be 195.5 µg/m3 during 2012–13 and Habeeb Ullah et al. showed that this concentration was higher than the standards set by the Saudi Arabian Presidency of Meteorology and Environment and European Commission standards. This high concentration caused negative health in children and vulnerable groups of people [43].




3.3. Mortality Resulting from O3 Exposure


The ozone concentration was also measured in the surroundings of cement industries and Figure 9 shows that the mean concentration recorded during the entire period was 0.0909 µg/m3. The mortality rate due to respiratory diseases was estimated and it showed that 100% of the population was at risk and that relative risk was 1.00 with attributable proportion of 0.01%. The concentration was not very high; therefore, zero estimated attributable cases were observed, whereas the estimated number of attributable cases per 100,000 population at risk was 0.02. Tian et al., showed an annual mean concentration of ozone ranging between 53 µg/m3 to 117 µg/m3 and it caused a varied number of hospital admissions due to seasonal change. The study reported 24, 26, and 28 hospital admissions during the warm, full-year, and cool periods, respectively [44]. The respiratory mortality for O3 exposure caused the deaths of 173 persons with RR 1.004 and AP 6.1722% in a study conducted by other researchers. The value of RR is similar to that of our study.




3.4. Change in Relative Risk Value by 10% Reduction in Pollutant Concentrations


Significant relative risk was reduced by 10% reduction in pollutant concentration input to the AirQ+ model, as shown in the below Table 3. It shows the change in relative risk values by lowering the concentration of pollutants by 10%. A clear difference was observed for all-cause mortality due to PM2.5 and post-neonatal mortality due to PM10. The RR value for PM2.5 at 27.33 µg/m3 was 1.10, while at 24.60 µg/m3 the relative risk changed to 1.09. This depicts that long-term exposure to lower concentrations will cause a low health risk. For PM10, RR was 1.20 at 57.39 µg/m3, while when the concentration dropped to 47.10 the RR was found to be 1.15. It can be predicted that further reductions in pollutant concentration can surely reduce the risk factor to the lowest level.





4. Conclusions


Long-term effects of PM2.5, PM10, NOx, and O3 on human health were investigated by using AirQ+ software. Concentrations of PM2.5 and PM10 observed in the salt range area (Kallar Kahar) during the year 2018 were much higher than the WHO guidelines, while NOx and O3 were within safe limits. Results obtained by AirQ+ software indicated that the highest value of RR (1.20) for post-neonatal mortality was due to PM10, while lung cancer mortality due to PM2.5 in the age groups 25+ and 30+ was 1.10 and 1.16, respectively. The RR value for all-cause mortality (age 30+) due to PM2.5 was 1.10 and for NO2 was 1.01, while for respiratory disease mortality due to O3 RR value was 1.00. It means that the long-term effects of PM10 were more than those of other pollutants. In other words, attributable health effects of NO2 and O3 were lesser compared to those of PM2.5 and PM10. The estimated attributable proportion resulting from PM10 for post-neonatal infant mortality was highest, with an upper limit of 27.44%, while attributable health effects due to ozone were low (0.02%) and insignificant. Probable human health risks can be decreased if a 10% reduction in pollutant concentration is achieved by controlling pollutants and by implementing eco-friendly production strategies.



The results indicated that PM2.5 and PM10 have significant impacts on the health of the local community present in the selected study area. However, NO2 and O3 have a comparatively lesser impact on human health in the area. Hence, it has been proved by the study that ambient air pollutants primarily generated by the selected cement industries (A, B, and C) are significantly impacting the health of the local community present around the industries.
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Figure 1. Study area map of sampling site (Kalar Kahar). It is located in Chakwal district of Punjab Province in Pakistan. 
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Figure 2. Input data required for the Air Q+ model. 
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Figure 3. Ambient air pollutants measured throughout the year. Months are given on the X-axis and pollutants’ concentration is given on the Y-axis (right side for level of CO in mg/m3 and left side for level of PM2.5, PM10, NO2, O3, and SO2 in µg/m3). 
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Figure 4. Relative risk due to NO2 exposure. 
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Figure 5. Relative risk due to PM2.5 exposure (all-cause mortality in adults aged 30+). 
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Figure 6. The relative risk of PM2.5 exposure (lung cancer mortality in adults age 30+). 
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Figure 7. Lung-cancer mortality resulting from PM2.5 exposure in adults age 30+. 
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Figure 8. Relative risk due to PM10 exposure (post-neonatal mortality). 
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Figure 9. Respiratory disease mortality resulting from O3 exposure. 
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Table 1. Details of ambient air quality monitoring instruments.
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	Pollutant
	Model
	Range
	Method
	Detection Limit





	CO
	AM-5300
	0–50 ppm
	non-dispersive infrared ray method (ISO4224)
	0.1 ppm



	NO/NO2/NOx
	AM-5200
	0–1 ppm
	Chemiluminescence (ISO7996) method
	0.5 ppb



	Sulfur Dioxide
	AM-5100
	0–0.5 ppm
	U.V. fluorescence method (ISO10498)
	1 ppb



	Ozone
	AM-5400
	0–1 ppm
	UV photometry method
	0.5 ppb



	PM2.5/PM10
	DPM-6000
	0–5 mg m3
	Beta attenuation method
	<1 µg/m3
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Table 2. AP and RR of mortality resulting from pollutants.
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Pollutant

	
Mortality

	
Baseline Incidence (Per 100,000 Population)

	
Attributable Proportion (%)

	
Relative Risk (RR)






	
PM2.5

	
Mortality due to LC in adults age 25+

	
44.25 [32]

	
9.89

	
1.10




	
Mortality due to LC in adults age 30+

	
44.25 [32]

	
13.88

	
1.16




	
All-cause mortality in adults age 30+

	
15,900

	
9.9

	
1.10




	
PM10

	
Post neonatal infant mortality

	
5386

	
16.96

	
1.20




	
NO2

	
All-cause mortality

	
750

	
1.73

	
1.01




	
O3

	
Respiratory disease mortality

	
181 [33]

	
0.01

	
1.00
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Table 3. Change in RR value by 10% reduction in concentrations.
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Current Situation

	
Reductions by 10%




	
Pollutant

	
Mortality

	
Mean Concentrations

(µg/m3)

	
Relative Risk (RR)

	
Mean

Concentrations

(µg/m3)

	
Relative Risk (RR)






	
PM2.5

	
Mortality due to LC in adults age 25+

Mortality due to LC in adults age 30+

All-cause mortality in adults age 30+

	
27.33

27.33

27.33

	
1.10

1.16

1.10

	
24.60

24.60

24.60

	
1.09

1.13

1.09




	
PM10

	
Post neonatal infant mortality

	
57.39

	
1.20

	
47.10

	
1.15




	
NO2

	
All-cause mortality

	
14.33

	
1.01

	
12.90

	
1.01




	
O3

	
Respiratory disease mortality

	
0.0909

	
1.0000

	
0.0818

	
1.0000
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