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Abstract 4 

On a global scale, the epidemic of the novel coronavirus (NCOV-2019) has become a major 5 

issue that seriously harming human health and impairing the environment's quality. The current 6 

study examines the association among air pollution and NCOV-2019 in China, where cases of 7 

NCOV-2019 are correlated with deaths in public databases with data on air pollution tracked 8 

at multiple locations in different provinces of China. A negative binomial regression (NBR) 9 

model was applied to examine the difference between the number of people infected with 10 

NCOV-2019 and the number of deaths in China. The findings show that, after population 11 

density regulation, there is a positive connection between air pollutants concentration 12 

(particularly nitrogen dioxide) and the number of NCOV-2019 cases and deaths. Furthermore, 13 

PM2.5 is the key cause of NCOV-2019 cases and deaths in China. The results indicate that a 1% 14 

increase in the average of PM2.5 was correlated with an increase of 11.67% in NCOV-2019 15 

cases and a rise of 18% in NCOV-2019 deaths. We concluded that a slight rise in air pollution 16 

has caused the number of NCOV-2019 cases and deaths to increase dramatically. This research 17 

provides a basis for future policies affected by this pandemic in terms of health and pollution. 18 
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1. Introduction30 

The 2009 H1N1 in Mexico, the 2014 Ebola in West Africa, the 2014 Polio in the Middle East, 31 

and the 2016 Zika virus in Brazil are some of the recently faced pandemics. Along with 32 

uncountable deaths and illnesses, trillions of dollars are lost worldwide as a result of such 33 

pandemics (Coccia, 2021a). Overtaking the world at the end of 2019, NCOV-2019 is another 34 

pandemic, initially born in Wuhan China. Regardless of a lockdown policy initially 35 

implemented in Wuhan on 23 January (Tadano et al., 2021) and later on, applied to another 95 36 

cities (Sanchez-Lorenzo et al., 2021), the pandemic managed to spread to the other provinces, 37 

eventually covering more or less, all the regions in China, with the first confirmed case reported 38 

in Wuhan in late December 2019. WHO declared NCOV-2019 as a global pandemic on 30 39 

January 2020 with its fast spread across the regions of Asia, Africa, America, and Europe, 40 

despite the countless effort by the Chinese government to isolate Wuhan City from the rest of 41 

China (Tung et al., 2021). Affecting both advanced and emerging economies, NCOV-2019 is 42 



now recorded in 216 countries (Yuan et al., 2021). Due to a lack of disease-resistant medicines 43 

and vaccines, some countries are, to this date, observing an increasing trend.  44 

A recent research elaborates on the pandemic's epidemiology and clinical features 45 

explaining how the first line of defence of the upper respiratory tract, called cilia is damaged 46 

by the PM2.5 with a diameter of ≤2.5μm (Sarmadi et al., 2020). With higher death rates in areas 47 

where air quality continues to deteriorate, SARS is an epidemic caused in the past by a virus 48 

inherently identical to COVID-19. PM2.5 distributed in 120 cities and NCOV-2019 infection 49 

have a concrete relationship (Mehmood et al., 2020). A study conducted by (Zhang et al., 2020) 50 

investigates that a significant increase in the daily count of confirmed NCOV-2019 positive 51 

cases is evident as a result of the 10μgm-3 increase in the pollution concentration. Fattorini and 52 

Regoli (2020) suggests a 15% rise in the number of NCOV-2019 deaths as a result of 1μgm-3 53 

increase in PM2.5. A higher chance of increasing chronic respiratory diseases, beneficial to 54 

infectious agents, are highly possible in people exposed to high concentrations of PM2.5 55 

particles (Bashir et al., 2020). With more impact on children and unhealthy populations, Long-56 

term exposure to PM2.5 results in chronic inflammation. Since particulate pollution can damage 57 

the human respiratory tract, a viral infection is possible as a result of continued exposure to 58 

PM2.5, which causes increased susceptibility to infection (Coccia, 2021b). The human body 59 

loses its strength to fight a viral disease, when exposed to PM2.5 pollutants (Tang et al., 2014). 60 

White blood cells, lung parenchyma, serum and macrophages are recorded to have excessive 61 

amounts of TGF-β1 (transforming growth factor), interleukin 4 (IL-4) and TNF-α (tumor 62 

necrosis factor)  in an investigation conducted on a small group of mice exposed to PM2.5 for 63 

three months (Fattorini and Regoli, 2020). According to another test, done on a group of mice 64 

exposed to PM2.5 , heart function is likely impaired as a result of large systemic inflammation 65 

(Chen et al., 2017). Humans are also susceptible to this phenomena as systemic inflammation 66 

in healthy, non-smokers and young people is caused by PM2.5 (Ficetola and Rubolini, 2021). 67 



A higher NCOV-2019 mortality rate is observed as a result of both long-term and short-term 68 

exposure to PM2.5. China is recorded as the first affected country, according to the official data 69 

from the World Health Organization on NCOV-2019 (Han et al., 2021). The second wave of 70 

the infection is said to be more prominent according to the senior medical adviser from the 71 

Chinese government. In order to calculate the impact of PM2.5 on the exposed populations in 72 

every country, epidemiological and experimental studies should be conducted immediately. In 73 

policy formulation to decrease the effect of COVID-19, it is importance for the governments 74 

and researchers from different countries to study the areas with high levels of air pollution for 75 

PM2.5 and other air pollutants' (e.g. PM10, SO2, NO2 and O3) exposure.   76 

This study is focused on assessing the relationship between NCOV-2019 cases and deaths 77 

with the provincial air pollution exposure in China. The contribution of this research to the 78 

existing literature is given as follow: (1) The impact of air pollution (such as PM2.5, SO2, PM10, 79 

NO2 and O3) on spreading the coronavirus in China are identified and elaborated through the 80 

detailed framework proposed by this study. Previous studies fall short on the analysis of 81 

controversial findings and are focused specifically on the effects of the atmospheric conditions. 82 

Second, the regional analysis should be more reliable and accurate in assessing the effects of 83 

air pollution compared to the provincial analysis, taking into account the scale of China's 84 

provinces and their apparent climate variations. This is more likely to be the first interactive 85 

analysis focusing on how the spread of NCOV-2019 is affected by air pollution, making this 86 

research more practically significant. Similarly, the risk of NCOV-2019 can be minimised, 87 

along with the intensity of future pandemics by identifying key and variable environmental 88 

factors. Moreover, a comprehensive analysis of the relationship between air pollution and 89 

NCOV-2019 can be achieved by implementing disease management policies and public health 90 

procedures in clinical practice.  91 



The rest of the paper includes: Section 2 represents the description. Section 3 discusses 92 

the methodology. Section 4 elaborates on the research results and discussion and the last 93 

section of this paper represents the concluding remarks, including policy implications, and 94 

study limitations.  95 

3. Methods and Martial   96 

3.1 Econometric Model Specification 97 

The variation among the number of people infected with NCOV-2019 and the number of 98 

deaths in China is assessed with the help of the negative binomial regression model. Data 99 

prediction based on counts (Wang et al., 2019) is supported perfectly by the Poisson-Gamma 100 

mixed distribution (Hilbe, 2011), which the negative binomial regression is based on. Due to 101 

the variance of the dependent variable, which is more than the average and the dependent 102 

variables (the number of deaths and the number of NCOV-2019 cases) with only non-negative 103 

integer values, this method functions precisely. A positive skewness and kurtosis (skewness = 104 

6.002, kurtosis = 43.308) is evident from the dependent variable. According to (Joe and Zhu, 105 

2005), this data set cannot support standard linear regression techniques, pertaining to the 106 

abnormal, highly skewed and discontinuous nature of the dependent variable (Miaou, 1994). 107 

The preferred modelling technique is given as follows:  108 

𝑃(𝑌𝑖 = 𝑦𝑖) =
𝜇𝑖

𝑦𝑖 (−𝜇𝑖)

𝑦𝑖
!      (1) 109 

where the probability of number of cases (𝑌𝑖) found in the ith province of China for a specified 110 

time period is represented by 𝑃(𝑌𝑖 = 𝑦𝑖)  . The anticipated cases of NCOV-2019 cases in the  111 

province are represented by 𝜇𝑖, whereas values of 0,1,2,.... are signified by 𝑦𝑖. The expected 112 

frequency of NCOV-2019 cases is measured as a function of the 𝑋𝑖 vector of the exploration 113 

variable, according to the Poisson regression model. Therefore:  114 

 115 



𝑙𝑛(𝜇𝑖) = 𝑋𝑖
𝑡𝛽      (2) 116 

where the estimated coefficient vector of the survey variables, including population density, 117 

PM2.5, PM10, NO2, O3 and SO2 is represented as β. By the maximization of the logarithm of 118 

likelihood function given below, it is easy to assess the coefficient vector (β).  119 

ln 𝐿 (𝛽) = ∑ [−𝑒𝑥𝑝(𝑋𝑖
𝑡𝛽) + (𝑋𝑖

𝑡𝛽)𝑦𝑖 − 𝑙𝑛𝑦𝑖
!]𝑖    (3) 120 

Considered as one of the key attributes for the Poisson distribution,  the 𝜇𝑖   parameter is 121 

equal to the variance and mean (Wong et al., 2007). The assumption regarding mean and 122 

variance to be the same is not satisfied by the data used in this study.  123 

The greater the variance to mean ratio, the greater the dispersion, typically due to the 124 

variability between observations. Hence, the problem regarding excessive dispersion is solved 125 

by applying negative binomial regression. In order to relax the Poisson regression assumption, 126 

other randomness is included and error term of the gamma distribution is included in equation 127 

(2). 128 

𝑙𝑛(𝜇𝑖) = 𝑋𝑖
𝑡𝛽 + 𝜀𝑖      (4) 129 

With a mean 𝜇𝑖, 𝜇𝑖 + 𝛼𝜇𝑖
2 represents the variance of negative binomial regression  distribution 130 

(Miaou, 1994). In the given situation, the measure of dispersion used in this case is the over-131 

dispersion parameter, represented as 𝛼. The following model is considered for investigating 132 

changes in the dependent variables: 133 

NCOV − 2019 𝐶𝑎𝑠𝑒𝑠 = 𝛽0 + 𝛽1(𝑃𝑀2.5) + 𝛽2(𝑃𝑀10) + 𝛽3(𝑁𝑂2) + 𝛽4(𝑆𝑂2) +134 

𝛽5(𝑂3)+ 𝛽6(𝑃𝑜𝑝𝑑𝑒𝑛𝑠𝑖𝑡𝑦)  (5) 135 

NCOV − 2019 𝑑𝑒𝑎𝑡ℎ𝑠 = 𝛽0 + 𝛽1(𝑃𝑀2.5) + 𝛽2(𝑃𝑀10) + 𝛽3(𝑁𝑂2) + 𝛽4(𝑆𝑂2) +136 

𝛽5(𝑂3)+ 𝛽6(𝑃𝑜𝑝𝑑𝑒𝑛𝑠𝑖𝑡𝑦) (6) 137 

3.2 Data and variable selection 138 

Tab. 1 shows the publicly available data from 30 provinces of China, for the initial 139 

analysis of this study. Between 24 January and 30 November, 2020, this study assesses 29 140 



provinces from mainland China. In order to avoid the extreme values effects and domestic 141 

influence, the Hubei province is not considered. The new confirmed cases and the number of 142 

deaths on a daily basis form the dependent variables for this study. The data consisting of 143 

concentrations of five air pollutants, including PM2.5, NO2, O3, PM10, and SO2, recorded on a 144 

daily basis is used in this study. The daily mean data of air pollutants from 24 January 2020 to 145 

30 November 2020 is acquired from the database of “National Meteorological Information 146 

Centre” (http://data.cma.cn), whereas the National Health Commission is used to acquire data 147 

for the number of NCOV-2019 new cases and deaths (http://www.nhc.gov.cn/). A daily pattern 148 

of air Pollutants emissions is shown in Fig. 2.  149 

 150 

Figure 2 Average daily concentration of air pollutants 151 

Table 1. Descriptive statistics of selected variables  152 

 
Mean Std Minimum Maximum 

Pop_density 484.00 726.33 8 3829 

cases 523.55 411.45 17 1620 

deaths 4.31 4.40 1 21 

PM25 91.24 23.81 8 128 

PM10 42.90 11.22 8 64 

SO2 38.55 14.71 2 52 

NO2 21.55 10.32 8 49 

http://data.cma.cn)/
http://www.nhc.gov.cn/


O3 9.52 11.97 1 45 

 153 

 154 

4. Results and Discussion 155 

4.1.  Air Pollutants and NCOV-2019 Nexus   156 

 157 

This study considers the five major air pollutant concentrations for the time period 158 

between 24 January, 2020 to 30 November, 2020, to find out the associations between NCOV-159 

2019 cases and the number of deaths, calculated on a daily basis. Focusing on the most 160 

consistent aggregation type reported for all air pollutants as explained through the analysis, the 161 

mean values of daily measurements are exclusively considered by the data, pertaining to the 162 

variation observed in the available data for each air pollutant. The spatial distribution for the 163 

number of NCOV-2019 cases observed on a daily basis, number of deaths and air pollutants 164 

are represented in Fig. 3. Considering the highest recorded deaths in Henan and Heilongjiang, 165 

following the Hubei province, the spatial pattern for number of deaths due to NCOV-2019 are 166 

aligned with the number of new cases on the basis of geographical distribution. Particulate 167 

matters and nitrogen dioxides concentration is recorded at a highest annual average value in 168 

the two given areas. On the basis of the ozone (O3) concentration in the free troposphere, the 169 

transport emission, latitude and altitude are recorded to have affected the ground-level ozone 170 

concentrations in the past. This study assessed the relationship between the increase in the 171 

number of NCOV-2019 infections and the spatial changes in air pollutants (especially PM2.5, 172 

NO2 and O3) levels and the concentration of ground ozone in China. 173 



 174 

Figure 3. Provincial heat map of number of NCOV-2019 case, deaths and air pollutants 175 

4.2.  Analysis of Correlation Tests 176 

The newly confirmed cases, number of deaths and air pollution variables on a provincial 177 

level are assessed with the help of Spearman and Kendall correlation tests as the variables are 178 

not distributed normally. Population density is said to affect the spread of COVID-19, indicated 179 

by the average population density (rs=0.42, rs=0.32) positively correlated to the number of 180 

accumulated cases and deaths at 1% significant level through the Kendall and Spearman 181 



correlation test, as shown in Tab. 2. NCOV-2019 cases and deaths have a positive correlation 182 

with the air pollution variables PM2.5 (rs=0.16, rs=0.08), whereas a negative relationship is 183 

observed between PM10 and SO2 . Moreover, valid slump effects of air pollution variables on 184 

transmission of NCOV-2019 are indicated by the positive correlation between NO2 (rs=0.17, 185 

rs=0.08) and the considerable number of recently confirmed cases and number of deaths at 5% 186 

or higher. Tosepu et al., (2020) performed a similar study, which took Jakarta for the 187 

application of climate-related factors, whereas this study considers the stated factors with a 188 

focus on NCOV-2019 cases in China on a provincial level. Fig.4 reflects a moderate to weak 189 

relationship between population density and air pollution. Considering it's frequency in various 190 

provinces of China, significant information is gathered by the association between air 191 

pollutants and NCOV-2019 cases. Wasim et. al,(2020) proposed an increased risk of mortality 192 

in regard to its connection with the increase in PM2.5 level in relation to the respiratory and 193 

cardiovascular diseases  in thirty Asian countries,.  194 

Table 2. Spearman and Kendall rank correlation tests results  195 

  Spearman correlation coefficient Kendall correlation coefficient 

  (Cases) (No. of Deaths) (No. of cases) (No. of Deaths) 

Pop_density 0.42*** 0.32*** 0.58*** 0.41*** 

PM_25 0.16*** 0.08*** 0.19*** 0.11*** 

PM_10 -0.14* -0.03* -0.17* -0.02* 

SO2 -0.14 -0.15 -0.20 -0.21 

NO_2 0.17*** 0.04*** 0.25** 0.01*** 

O_3 -0.13*** 0.03*** -0.21*** 0.00*** 

 196 

Note: ***p-value<0.001 means 1% significance level; **p-value<0.01 means 5% 197 

significance level; * p-value<0.05 means 10% significance level. 198 

 199 

 200 



201 
Figure 4. Correlation analysis between Air Pollutants and analysis daily NCOV-2019 202 

confirmed cases and deaths 203 

 204 

4.2. Estimation Results of Negative Binomial Regression 205 

The association between air pollutant (MP2.5, PM10, NO2, SO2, O3) and the collective 206 

number of NCOV-2019 cases and deaths at provincial and regional levels for China is 207 

calculated with the help of a negative binomial regression model. Factors, such as data type, 208 

log likelihood and AIC scores are considered the top choices for this model. To validate the 209 

number of inhabitants throughout the provinces, population density is added to the model as 210 

an independent variable. The impact of air pollutants on NCOV-2019 cases in China on a 211 

provincial level is represented in Tab.3. According to the results, two significant predictors for 212 

NCOV-2019 cases (p < 0.01) include levels of particular matter (PM2.5), and nitrogen dioxide 213 

(NO2), regardless of the population density. At the significance level of 1% [0.1167332***; 214 

95% CI: 0.00074,0.2247], PM2.5 is positively related to the number of NCOV-2019 cases, 215 

depicting a significant 11.67% increase in the number of new cases for NCOV-2019 as a result 216 

of 1% increase in PM2.5 . Travaglio et al.(2021) validates the effect of PM2.5 on the number of 217 

coronavirus cases, which is consistent with our findings. At 5% significance level [-0.047***; 218 



95% CI: -0.10389-0.0098], the number of NCOV-2019 is correlated with the PM10 negatively. 219 

According to the results, at 1% significance level [0.0161756***; 95% CI: -0.00163-0.04992], 220 

NO2 showed positive association with number of people infected with NCOV-2019. Moreover, 221 

SO2 and O3 also showed negative correlation with the case of NCOV-2019 at a substantial 5 222 

percent level, suggesting that the decrease in air pollution is can prevent the invasion and spread 223 

of coronavirus (Zhang et al., 2021). A nonlinear dose-response relationship between the spread 224 

of coronavirus and air pollution is eminent through the results. SARS patients were said to die 225 

from pneumonia more than twice as likely according to a research carried out by researchers 226 

from the UCLA School of Public Health amidst the SARS outbreak in China. NCOV-2019 is 227 

also said to be highly affected by pollution, the same way as the previous diseases.  228 

 Table 2. Regression results of air pollutants on NCOV-2019 cases in China at the provincial 229 

level. 230 

  Estimate St. Error Z_Value Confidence Interval Pr(>|z|) 

Pop_density 0.0004*** 0.00019 2.062 (0.00006,0.0008) 0.0003 

PM2.5 0.1167*** 0.0619 1.885 (0.00074,0.2247) 0.0005 

PM10 -0.04705** 0.0309 -1.52 (-0.10389,0.0098) 0.0012 

SO2 -0.0207** 0.0245 -0.843 (-0.0067,0.02627) 0.0033 

NO2 0.0161*** 0.01801 0.898 (-0.00163,0.04992) 0.0004 

O3 -0.0086** 0.02494 -0.347 (-0.0057,0.03928) 0.0072 

Intercept 5.7996*** 0.8781 6.127 (3.95131,7.8539) 0.0000 

Theta: 1.847 0.452 
 

 
 

log-likelihood: -410.96 
  

 
 

AIC: 426.96 
  

 
 

 231 

Note: AIC: Stands for Akaike information criteria, ***p-value<0.001 means 1% significance 232 

level; **p-value<0.01 means 5% significance level; * p-value<0.05 means 10% significance 233 

level. 234 

 235 

Tab. 4 represents a relationship between air pollutants (PM2.5, PM10, NO2, SO2 and O3) 236 

levels and the number of NCOV-2019 deaths. In addition to population density, NCOV-2019 237 

deaths are directly affected by the PM2.5, nitrogen dioxide and ozone levels. At 1% significance 238 

level [0.1167: 95% CI: 0.00074,0.2247], PM2.5 is related with the number of COVID_19 deaths 239 



positively, according to Tab. 3. Following the population density account, deaths caused by 240 

NCOV-2019  are predicted by NO2 and O3, a 1% significant level [0.0071***; 95% CI: -0.0250,  241 

0.0393] is positively correlated with NO2 , whereas deaths caused by NCOV-2019 are 242 

negatively associated with O3 [-0.0480; 95% CI: -0.0891, -0.0075]. The relationship between 243 

the variation of air pollution in China on a provincial level and NCOV-2019 cases and the 244 

number of death is provided by this study for the first time. The two main contributors for an 245 

increased number in NCOV-2019 deaths, include PM2.5, and NO2 . Pollutants, such as PM10, 246 

and SO2 are not validated for affecting the number of NCOV-2019 deaths in China in any way. 247 

The first association between air pollution and NCOV-2019 deaths in the US is found by a 248 

Harvard study. The relationship between air pollution and death rates is supported by various 249 

recently conducted studies on NCOV-2019 in many countries.  250 

Table 4. Regression results of air pollutants on NCOV-2019 deaths in China at the provincial 251 

level. 252 

 
Estimate Std. Error  Z_Value Confidence Interval P_Value 

Pop_density 0.0004*** 0.0002 2.42 (0.0001, 0.0007) 0.0001 

PM2.5 level 0.1840*** 0.0635 2.896 (0.07992, 0.2921) 0.0037 

PM10 level -0.0657 0.0312 -2.105 (-0.1198, -0.0130) 0.3528 

SO2 level -0.0457 0.0232 -1.969 (-0.0860, -0.0062) 0.4898 

NO2 level 0.7123*** 0.0176 0.405 (0.0250,  0.993) 0.0006 

O3 level -0.0480*** 0.0235 -2.035 (-0.0891, -0.0075) 0.00041 

Intercept 1.2654*** 0.8781 1.441 (-0.1554, 2.6982) 0.0001 

Theta  4.29 2.16 
   

log-likelihood:    -130.128 
    

AIC:  146.13 
    

Note: AIC: Stands for Akaike information criteria, ***p-value<0.001 means 1% significance level; **p-253 
value<0.01 means 5% significance level; * p-value<0.05 means 10% significance level. 254 

 255 

According to Fig. 5, provinces with higher population density have a higher number of 256 

NCOV-2019 cases, evident through the moderate relationship  between population density and 257 

the number of NCOV-2019 cases, depicted by the R square value (0.5118). It can be concluded 258 

from current research and study that NCOV-2019 cases are affected by many variables (i.e., 259 

https://www.nytimes.com/2020/04/07/climate/air-pollution-coronavirus-covid.html


economic conditions, genetic factors, changes in population disorders, geographical climate, 260 

health care systems, number of tests, and variations in age). The various possible dependencies 261 

cannot be  calculated, pertaining to the lack of a basic direct and explicit method. Therefore, 262 

more research needs to be conducted in order to solve the problems mentions above. 263 

 264 

Figure 5. Relationship between population density and NCOV-2019 cases 265 

4.3 Discussion and Comparison  266 

The ability of our body to defend itself against infections becomes limited as it 267 

experiences chronic respiratory stress and therefore, a polluted environment means a polluted 268 

body. People are more susceptible to contracting NCOV-2019 due to the harmful exposure of 269 

pollutants (e.g., PM2.5 and NO2) causing serious damage to health, particularly  causing 270 

respiratory and lung diseases. The effects of air pollution on the recently confirmed cases and 271 

number of deaths in China due to NCOV-2019 are calculated by a negative binomial regression 272 



model, depicting a significant correlation between air pollutants and number of NCOV-2019 273 

cases and deaths. The findings of the study represents that 11.67% (95% CI: 0.074%, 22.47%) 274 

increase in the NCOV-2019 new case and an 18% (95% CI: 7.992%, 29.21%) in the number 275 

of deaths occurs  with 1%  increase in long-term exposure to PM2.5.  The significant association 276 

between NCOV-2019 cases and deaths with long-term exposure to PM2.5 is evident by our 277 

study. By adjusting various demographic and health-related confounders, Our findings are 278 

similar to other studies conducted in China, France, the United States, and the United Kingdom . 279 

These studies evaluated the long-term effects of PM2.5 on NCOV-2019 cases and deaths, our 280 

findings are consistent with the observations made by studies done in the US and Northern 281 

Europe (Konstantinoudis et al., 2020). A recent study by Wang et al.(2020) has shown a 282 

significant reduction of PM2.5 emissions in China during the lockdown. Another study in 283 

United States also assessed the impact of PM2.5 on COVID-19 mortality. Their exposure 284 

model has been verified, and the annual estimate R2 = 0.89. The evidence of PM2.5 is very weak, 285 

that is to say, every increase of 3.4μg/m3 in PM2.5 concentration after adjustment will increase 286 

by 10.8% (95%CI: -1.1%, 24.1%) (each increase of about 3.2%) 1μg/ m3). The strict and 287 

stringent steps to control the worldwide spread of NCOV-2019 had an exceptional 288 

environmental impact by significantly reducing pollutant emissions, particularly PM2.5 289 

concentrations.  290 

Moreover, the studies evaluated the long-term effects of NO2 on NCOV-2019 cases and 291 

deaths, our findings are consistent with the observations made by studies done in the US and 292 

Northern Europe (Konstantinoudis et al., 2020). A 2% (95% CI: -0.00163,0.04992) and 293 

7.2%(95% CI: 0.0250%,  0.993%) increase in the number of NCOV-2019 cases and deaths is 294 

evident by the increase in long-term exposure of NO2 to 1%. Our findings are in line with a 295 

study conducted in 335 cities in the Netherlands showed that the average exposure level during 296 

the period 2015-2019 and the COVID-19 death report on June 5, 2020 showed that for every 297 



increase of 1 μg/m3 in NO2, the number of COVID-19 deaths will be increase by 0.35 (95% 298 

CI: 0.04, 0.66). Similarly, the discontinuation of industrial activities in this period has 299 

minimized harmful wastes that stem from the recovery of the environment and, most notably, 300 

reduced PM2.5, NO2 and O3 concentrations to a certain extent (Ataguba, 2020). Studies have 301 

revealed that NCOV-2019 is transmitted from China to other parts of the world through the 302 

medium of air, and air pollution is considered a carrier of coronavirus (Sciomer et al., 2020) 303 

and (Bashir et al., 2020). In such situations, there is a clear scope to provoke appropriate public 304 

health intrusions and robust policies that reassess our lives and have a marginal effect on the 305 

environment and individual lives. 306 

In addition, there is a negative correlation between the levels of O3 and the number of new 307 

cases of COVID-19, and deaths can be due to decreased conversion of nitrogen oxide to ozone 308 

in urban areas, a phenomenon previously recorded in highly trafficked areas. A nonlinear 309 

relationship between nitrogen oxides and ozone is found, regardless of the gasses constituting 310 

the key ozone precursors. Scavenging close to where its emitted and consistent with an increase 311 

in nitric oxide, an inverse relationship between ozone levels and NCOV-2019 is seen due to 312 

the highly reactive nature of ozone. A substantial relationship is not found between the number 313 

of NCOV-2019 deaths and the other pollutants, such as PM10, SO2. (Tang et al., 2014) validates 314 

these findings and are consistent with the studies conducted during the previous SARS 315 

outbreak on how long-term exposure to pollutants has caused harmful effects to the patients 316 

suffering from SARS in China the past.   317 

5. Conclusions and Policy Implications 318 

 319 

Both  coronavirus and air pollution can cause or exacerbate respiratory health problems. The 320 

latest research argue that long-term exposure to air pollution will not only affect the severity 321 

and vulnerability of COVID-19, but also adversely affect the respiratory system and increase 322 



the risk of death. This study examines the air pollution impact on the transmission of NCOV-323 

2019 in China, using data from 24 January to 30 November 2020 on newly reported cases from 324 

29 provinces (excluding Hubei province to remove the effects of endogenous control and 325 

extreme values). The study uses the NBR (negative binomial regression) model to evaluate air 326 

contaminants' (MP2.5, PM10, NO2, SO2, O3) correlation with the number of cases of both 327 

NCOV-2019 and deaths at Chinese provincial and regional levels. The model is selected 328 

according to the data format, AIC and log likelihood score. As an independent variable to 329 

account for variations in the number of inhabitants across the provinces, population density (a 330 

confusing factor) was applied to this model. Empirical outcomes of the negative binomial 331 

regression model analysis show that:  332 

• PM2.5 emissions are significantly positively correlated with the number of NCOV-2019 333 

cases and deaths. A 1% increase in PM2.5 resulted in a 11.67% increase in new NCOV-334 

2019 cases and an 18% increase in NCOV-2019 deaths. 335 

• The number of NCOV-2019 cases and deaths rose by 2.00 percent and 7.2 percent, 336 

respectively, with a 1 percent rise in long-term exposure to NO2.  337 

• There is a negative correlation between O3 and the number of new NCOV-2019 cases 338 

and fatalities. 339 

• There was no substantial relation between the number of deaths from NCOV-2019 and 340 

other contaminants, including PM10 and SO2.  341 

Environmental pollution, which leads to environmental destruction, is a product of human 342 

actions. Because of the NCOV-2019 pandemic, public perception of environmental issues is 343 

expected to increase. There are some practical effects of the results of this study. In the process 344 

of preventing and predicting the spread of the coronavirus, air pollutant indicators are crucial 345 

and indispensable. To avoid the coronavirus pandemic, colder regions of the world should 346 

adopt stricter measures. Air pollution has a significant and credible impact on the spread of 347 

coronavirus and is of great significance for mitigation policies needed to avoid and predict the 348 



spread of other new epidemics. China should step up its efforts to transform the energy system 349 

from coal to clean energy, especially in power generation and house heating. In addition to 350 

industrial production and transportation, this is also the main source of air pollution. Similarly, 351 

if the new coronavirus coexists with humans for a long time, all countries should adopt anti-352 

epidemic policies. On a global scale, immediate measures must be taken to reverse climate 353 

deterioration, change habitats, and decentralize international cooperation and monitoring of 354 

sustainable development.  355 

Furthermore, the research results conclude that the current NCOV-2019 epidemic and 356 

epidemics similar to NCOV-2019 can not only be solved through medical research and practice, 357 

but also interdisciplinary scientific research must be conducted on the basis of environmental 358 

and sustainable science. There are some challenges in conducting such research on the factors 359 

that determine the infectious spread of the virus. In order to develop appropriate sustainable 360 

policies to reduce infections, more detailed studies on the spread of NCOV-2019 are needed, 361 

which requires a complex relationship between environmental and atmospheric factors. Air 362 

pollution and indirect interaction with viral vectors may have a negative impact on the 363 

country’s public health. 364 
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