
Ekoloji 28(108): 753-758(2019) 

753 

Modeling and Analysis of Potential Damage of High Bacteria 

Content to Human Body in Haze Environment 
Xi Li* 
Department of Physical Education, Xi’an Physical Education University, Xi’an 710068, China 
*Email: lx19820701@163.com

In recent years, haze weather occurs frequently in Beijing, and the accumulation of air particulate matter is one of 

the main causes of haze weather. As an important air particulate matter, biological aerosol is harmful to human 

health. This study investigated the distribution of biological aerosol concentration and particle size in haze 

weather, and the Spearman’s relationship between biological aerosol concentration and air quality index PM2.5 

(AQI), ambient temperature and humidity. The correlation was studied. The particle size distribution of 

bio-aerosols in severe fog and haze weather in winter and summer was analyzed. The potential damage to human 

body was also studied. The results showed that the concentration of bio-aerosols was negatively correlated with 

PM2.5 (AQI) and positively correlated with ambient temperature. Environmental humidity was negatively 

correlated with bacterial aerosol concentration and positively correlated with fungal aerosol concentration. In 

winter, the maximum concentration of bacterial and fungal aerosols was detected in the range of 4.5-7.0 μm and 

2.1-3.3 μm, respectively, while in summer, the highest concentration of bacterial and fungal aerosols were 

distributed. In the range of 3.3-4.5 μm, the results of this study will provide basic data for evaluating the hazards 

of bio-aerosols to human health under different haze conditions. 
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Ⅰ INTRODUCTION 
At present, Beijing has been listed as one of the top ten air-polluted cities in the world. Especially since 

January 2013, the frequency of haze weather outbreaks in Beijing has greatly increased, causing serious harm to 
people’s health. Haze is a climatic phenomenon caused by the accumulation of particulate matter in the air, 
particulate matter including smoke and dust and other different kinds of solids and droplets, including 
bio-aerosols. Bio-aerosols are aerosols containing biological particles such as bacteria, fungi, viruses, spores and 
cell debris. Microorganisms attached to the surface of plants, soils and rocks are important sources of 
bio-aerosols. Although bio-aerosols account for a small proportion of aerosols, their potential hazards to human 
health cannot be ignored. It is noteworthy that high concentrations of heavy metals and inorganic ions in the air 
can accelerate allergic and asthmatic reactions caused by biological particles in fog and haze weather. Many 
scholars have analyzed them and obtained some research results. 

Jiatong Liu, Ke Lv, published an article entitled “The Influence of Aerobic Exercise on the Human 
Respiratory System in Smog” in the Journal of Ekoloji on Issue 107, 2009. In this paper, it is mentioned that in 
order to determine the effects of aerobic exercise on human respiratory system in smoke, a classification 

LETTER TO THE EDITOR 



Ekoloji 28(108): 753-758(2019) 

754 

algorithm based on uncertain data flow is used to extract the effects of aerobic exercise on human respiratory 
system in smoke. Influencing data were used to obtain subjective sensory indicators of breathing. After 
determining the content of inflammatory factors in sputum of aerobic exercise in smoke, a measurement model of 
aerobic exercise in human respiratory smoke was constructed, which is also an evaluation model of single and 
multiple respiratory system injury. The degree of respiratory system injury in smoke was calculated and unified 
with smoke weather. The relationship between respiratory system damage and smoke weather was analyzed, and 
the effect of aerobic exercise on smoke respiratory system was studied. The experimental results show that the 
smoke damage degree of the respiratory system of the elderly and children during aerobic exercise is consistent 
with the actual characteristics, and it is effective. The model analysis shows that the maximum error of smoke 
damage in respiratory system of aerobic exercise population is only 0.18, which can clearly reflect the degree of 
damage to human respiratory system caused by aerobic exercise in smoke. The effects of smoke on human 
respiratory system and the degree of damage are introduced clearly. Therefore, the methods used in this study can 
provide a basis for this study. 

In the article of Huang and Lu, in order to evaluate the haze of different PM2.5 concentration on human 
health, a structural analytic neural Petri net model, called SP_NPN model, is constructed by combining the 
learning mechanism of functional Petri net and artificial neural network. The model can inherit the self-learning 
function of ANN, has the associative storage function of ANN, and can quickly find the optimal solution. The 
network structure can be arbitrary, so it has good adaptability; the model does not depend on input information, it 
regards the dynamics within the network as the focus of attention, so it is especially suitable for the analysis of 
complex system structure and causal correlation analysis; the internal nodes of the model have clear physical 
meaning, so it is convenient to model complex system. The application results show that the SP_NPN model is 
used to analyze haze. For the hazards to human health, a group of observation inputs and outputs will obtain a 
variety of analytical results, according to which we can find all the pathogenic types existing in the human body 
system, thus pointing out the direction for the formulation of relevant accurate diagnostic schemes; by fixing the 
weight coefficients of some arcs, we can make the analytical results unique, thus discovering the key causal 
correlation when the analytical results are unique. In addition, the causal relationship analysis function of 
SP_NPN model can reveal the causal relationship between the change of PM2.5 concentration in haze and human 
pathogenic mechanism, and calculate the haze of different PM2.5 concentration on human health, so as to achieve 
the purpose of evaluating the hazard of haze. However, the purpose of the evaluation is too limited. Therefore, 
this paper studies the pollution status of bio-aerosols in the air under the condition of haze outbreak. As the 
background reference value of environmental quality, domestic and foreign researchers have reported in detail the 
concentration and size distribution of culturable bio-aerosols in the air environment. However, at present, the 
bio-aerosols in the air during the haze outbreak have been reported in detail. In view of this situation, this study 
analyzed the concentration and particle size distribution of culturable bacteria and fungi aerosols in the air of 
Beijing under different haze weather, and their relationship with haze pollution, in order to provide basic data for 
evaluating the haze caused by biological aerosols to human health. 

Ⅱ IDEA DESCRIPTION 
The sampling site of this study is located between the West Fourth and the West Third Rings of Beijing. The 

roof of the Biological Center of Beijing Academy of Agricultural and Forestry Sciences is about 20 m from the 
ground, and the sampling height is 1.5 m. The air quality index (AQI) is an index describing the living air 
conditions of any or multiple organisms. Among them, PM2.5 (AQI) is calculated from the concentration of 
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PM2.5 and PM2.5. In this study, bacterial aerosols and fungal aerosols were detected under different PM2.5 
(AQI) conditions. Sample collection time was from 2013-01-14 to 2013-07-02. 

The FA-I impact sampler (Liaoyang, China) is used to collect bio-aerosols. The instrument simulates the 
anatomical structure and aerodynamic physiological characteristics of human respiratory tract. The microbial 
particles suspended in the air are collected on the surface of the sampling medium hierarchically by the principle 
of inertial impact for microbiological analysis. Stage VI: 0.65-1.1 μm, Stage V: 1.1-2.1 μm, Stage IV: 2.1-3.3 μm, 
Stage III: 3.3-4.7 μm, Stage II: 4.7-7.0 μm and Stage I: > 7.0 μm. Sample collection time is 2 minutes, gas flow 
rate is 28.3 L min-1, and the flow rate of the sampling pump is calibrated by flowmeter (Yu Yao, China) before 
each sampling point. Sampling is repeated for 3 times. 

Bacteria were cultured in beef extract peptone medium for 2 days at 30℃, fungi were sampled in 
Bangladesh red medium and cultured in 25℃ incubator for 3 days. Positive hole method was used to correct the 
colony number of samples collected during colony counting. 

According to the sampling time and gas flow rate, the total concentration of bio-aerosols at all levels was 
calculated by formula (1). 
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  (1)

In the formula, c is the concentration of bacterial or fungal aerosol (CFU·m-3); N is the number of colonies at 
all levels; t is the sampling time (min); F is the gas flow rate (L·min-1) at sampling time. Air temperature and 
relative humidity are measured by Thermohygrometer (WD - 35612, OAKTON, Germany). 

Because FA-I impact sampler does not have PM2.5 cutter, according to previous reports, the particle size 
D50 greater than 2.1 μm (Stage III) is defined as coarse particulate matter. The formula for calculating the 
proportion of bacterial aerosol in coarse particulate matter is as follows: 
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In formula BⅠ, BⅡ, BⅢ, BⅣ, BV and BⅥ are the concentration of bacterial aerosols in Stage Ⅰ, II, III, IV, V 
and VI particle sizes respectively. 

The formula for calculating the proportion of fungal aerosols in coarse particulate matter is as follows: 
( ) 100%
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In formula F I, F II, F III, F IV, F V and F VI are the concentration of fungal aerosols in Stage I, II, III, IV, V 
and VI, respectively. 

SPSS 21.0 was used to calculate descriptive statistical parameters, such as t-test, one-way ANOVA and 
Spearman’s correlation analysis. When P value was less than 0.05, there was significant difference in 95% 
confidence interval. 

Ⅲ RESULTS 
In January 2013, large-scale haze outbreaks occurred in various parts of the country. The number of haze 

days in Beijing was the largest in the same period since 1954, which attracted wide attention in China and abroad. 
In this study, biological aerosols in the air were collected within 14 days of the initial haze outbreak (sample 
collection time from 2013-01-14 to 2013-01-28), and the data of 6 days were analyzed. When the air pollution 
index PM2.5 (AQI) is between 94 and 426, the bacterial and fungal aerosol concentrations are 248-926 CFU•m-3 
and 120-478 CFU•m-3, respectively, the relationship between PM2.5 (AQI) and aerosol concentrations of bacteria 
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and fungi was analyzed, and no significant correlation was found. At the same time, no significant correlation was 
found between the aerosol concentration of bacteria and fungi within 14 days of investigation. According to 
previous studies, heavy metals in the air are negatively correlated with the concentration of bio-aerosols after a 
week in non-haze weather, which indicates that the effect of air pollution on bio-aerosols may be lagging behind. 
In order to clarify the relationship between the degree of pollution and microorganisms in the air, long-term 
detection of the two changes is needed. The concentration and particle size distribution of bacteria and fungi in 
the air of Beijing were measured systematically during different haze levels from July to July. 

Firstly, the concentration of bacterial and fungal aerosols in the air was monitored under different haze 
conditions. The corresponding PM2.5 (AQI), ambient temperature and humidity were recorded. Within six 
months of sample collection, the range of PM2.5 (AQI) was 14-452, the range of temperature was -1.9-38, and 
the range of relative humidity was 10.3%-79.0%. The concentration distribution range of bacterial and fungal 
aerosols was 253.3%-79.0%, respectively. The concentration of fungal aerosols in summer was higher than that in 
winter (P < 0.05). 

In this study, the possible effects of haze on the particle size distribution of bio-aerosols were investigated. 
For convenience, haze pollution was classified into four grades according to PM2.5 (AQI) index, namely PM2.5 
(AQI) 0-100, 100-200, 200-300 and > 300. The average values of PM2.5 (AQI) detected in each range were 
calculated, and the average values were 59.5, 158.1, 259.1 and 359.3. The concentration of bacterial and fungal 
aerosols in different particle sizes was analyzed under the pollution degree. 

On the whole, no significant effect of haze degree on the particle size distribution of bio-aerosols was found. 
Firstly, bacterial aerosols were mainly distributed in the large particle size range under different haze and 
non-haze weather conditions. This is consistent with the previous research results of domestic and foreign 
scholars on the particle size distribution of bacterial aerosols in non-haze weather. This is due to bacterial usually. 
The concentration of fungal aerosols on the surface of particulate matter increases with the increase of particulate 
particle size and presents the reported distribution trend. Secondly, under the four air quality conditions 
investigated, fungal aerosols show normal distribution in different particle size ranges, which is different from the 
distribution characteristics of bacterial aerosols. On haze and non-haze days, fungal aerosols mainly distribute in 
Stage IV (2.1-3.3 μm) and Stage III (3.3-4.7 μm) are in the range of 2.1-3.3 μm. This is similar to the distribution 
of non-haze days reported by predecessors. For example, the highest concentration in Beijing is 2.1-3.3 μm, while 
that in Taipei and Qingdao is 3.3-4.7 μm. 

Spearman correlation analysis of the relationship between PM2.5 (AQI), ambient temperature and humidity 
and bio-aerosol in January-July 2013 was carried out, including the concentration of bio-aerosol (BI to BVI, FI to 
FVI), total bio-aerosol concentration (TB and TF), proportion of bacterial aerosol in fine particulate matter (FBT), 
proportion of bacterial aerosol in coarse particulate matter (CBT), fungal aerosol in fine particulate matter. From 
the results of particle size distribution of bacterial aerosols, it can be seen that most bacterial aerosols are 
distributed in a large particle size range (> 2.1 μm). Therefore, PM2.5 (AQI) and PM10 (AQI) are used as two 
parameters to represent air quality in this stage to investigate the relationship between haze and bio-aerosols. 

Firstly, the relationship between PM2.5 (AQI) and bio-aerosols was investigated. PM2.5 (AQI) was 
negatively correlated with the total concentration of bacterial and fungal aerosols (P < 0.05). Among them, it was 
negatively correlated with the concentration of bacterial and fungal aerosols (except BVI and FV) in most particle 
sizes (P < 0.05). It indicated that the concentration of bacterial and fungal aerosols in the air decreased gradually 
with the increase of haze. This may be due to the large amount of toxic and harmful substances in air particulate 
matter, especially in haze weather. The concentrations of pollutant elements and inorganic ions in Beijing air are 
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3.6-10.0 and 2.0-2.8 times higher than those in non-haze days, respectively. PM2.5 (AQI) is negatively correlated 
with bacterial and fungal aerosol concentrations.  

The results show that the proportion of bacterial and fungal aerosols in fine particulates decreases with the 
increase of haze, but increases in coarse particulates. The reason for this phenomenon may be that in haze 
weather, small and medium-sized particulates in the air can aggregate to form large-sized particulates, leading to 
the formation of large-sized particulates. The proportion of microorganisms changed. PM10 (AQI) was 
negatively correlated with TB, TF and bacterial and fungal aerosols in different particle sizes, but the correlation 
was not significant. 

Ⅳ DISCUSSION 
Since particle size is an important parameter for evaluating the hazards of particulate matter to human health, 

the particle size distribution characteristics of bacterial and fungal aerosols in the air during severe haze weather 
of PM2.5 (AQI) > 300 in winter and summer were analyzed. In severe haze weather, the particle size distribution 
characteristics of bacterial and fungal aerosols in the air in winter and summer are different. In winter, the 
maximum concentrations of bacterial and fungal aerosols are detected at 4.5-7.0 and 2.1-3.3 μm, respectively, 
while in summer, the highest concentrations of bacterial and fungal aerosols are distributed in the range of 3.3-4.5 
μm. Among them, in the range of 3.3-7.0 μm, in summer. The concentration of bacterial aerosol is higher than 
that in winter; in the range of 2.1-7.0 μm, the concentration of fungal aerosol in summer is higher than that in 
winter. The dynamic particle size of air particles is an important parameter to determine human exposure and 
subsequent hazard assessment. Biological aerosol particles with different particle sizes will settle in different 
positions of human respiratory tract. For example, Stage I (nose and mouth), Stage II (pharynx), Stage III (trachea 
and trachea). The results of this study preliminarily showed that the particle size distribution of bacterial and 
fungal aerosols changed in severe haze weather in winter and summer, and the impact on human health may also 
be different. However, if the haze weather is to be evaluated in detail, biological aerosols may cause harm to 
human health. One step is to study the uncultured microorganisms and related chemicals in particulate matter. 

V CONCLUSION 
The results showed that PM2.5 (AQI) was negatively correlated with the total concentration of bacterial and 

fungal aerosols, negatively correlated with the proportion of bio-aerosols in fine and coarse particles, positively 
correlated with ambient temperature, negatively correlated with the total concentration of bacterial and fungal 
aerosols, negatively correlated with relative humidity, and negatively correlated with fungal aerosols. The 
maximum concentration of bacterial and fungal aerosols in winter was 4.5-7.0 and 2.1-3.3 μm in severe haze 
weather, respectively, while the highest concentration in summer was 3.3-4.5 μm. 
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