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Abstract 
In order to determine the influence of aerobic exercise on the human respiratory system in smog, the 
classification algorithm based on uncertain data flow is used to extract the influence data of aerobic exercise 
on human respiratory system in smog, and obtain the subjective feeling index of respiratory system. After 
determining the inflammatory factor content in the sputum of the aerobics in the smog, the measurement 
model of the aerobic exercise in the smog on the human respiratory system is constructed, which is also the 
evaluation model of the damage degree of single and multiple respiratory systems in the smog. The degree 
of respiratory damage is calculated and unified with the smog weather to analyze the relationship between 
respiratory damage and smog weather, and to study the effects of aerobic exercise on the respiratory system 
in the smog. The experimental results show that the degree of smog damage to the elderly and children’s 
respiratory system during aerobic exercise is in line with the actual characteristics, which is effective. The 
model has analyzed that the maximum error of smog damage to the respiratory system of aerobic exercise 
population is only 0.18 and it can clearly reflect the degree of damage to the human respiratory system caused 
by aerobic exercise in the smog. 
Keywords: smog, aerobic exercise, respiratory system, inflammatory factor, degree of damage, assessment 
 
Liu J, Lv K (2019) The Influence of Aerobic Exercise on the Human Respiratory System in Smog. Ekoloji 
28(107): 2567-2576. 

 

INTRODUCTION 
With the rapid development of China’s industry, air 

pollution, especially smog, has become more and more 
serious, which has become the common concern of the 
society (Rasmussen et al. 2018). When there is more 
water vapor in the air, some of the highly hygroscopic 
dry aerosol particles will absorb water, grow up, and 
eventually become cloud of condensation nuclei to 
produce fog. The hazes are a large number of very fine 
dry aerosol particles that float evenly in the air, making 
the air with horizontal visibility less than 10 km 
generally turbid. Smog is the collective name for fog and 
haze (Wu et al. 2016). The definition of haze in the Code 
for Surface Meteorological Observations of the China 
Meteorological Administration is that a large number of 
extremely fine dry dust particles are uniformly floating 
in the air, making the air with horizontal visibility less 
than 10 km generally turbid. Haze makes the bright 
objects in the distance slightly yellow and red, making 
the dark objects blue. Among them, PM is the main 
component of smog and the main cause of increased 
foggy weather pollution. Depending on the size of the 
diameter, the PM can be classified into PM10, PM 2.5, 

and the like. PM 2.5 is a particulate matter with 
diameter less than or equal to 2.5 microns in the 
atmosphere that can be directly inhaled into the lungs. 
It is called the invisible killer because PM 2.5 is carrier 
of chemicals and bacteria that are harmful to the 
respiratory system (Ludyga et al. 2016). In the case of 
smog, the wind is small and the air flows slowly. High 
concentrations of bacteria and particles can irritate the 
respiratory tract. If you exercise outdoors at this time, 
your body will be affected. As time goes by, it will 
eventually lead to diseases such as bronchitis, 
pharyngitis and conjunctivitis. In addition, the haze 
weather is humid and the sweat is not easy to evaporate. 
This situation is not conducive to the heat dissipation of 
the skin, and also hinders the gas exchange of the alveoli. 
Symptoms of hypoxia, such as chest tightness, 
suffocation, and dizziness, can occur and are likely to 
cause many adverse effects (Kargarfard et al. 2015). In 
addition, smog can also bring the nose and eye 
discomfort, irritability and poor sleep to the athletes. In 
the high PM pollution environment, what kind of 
reaction will be made to the physical body and what 
effect it will have on the health of athletes? At present, 
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there are few studies on this aspect. There is little 
research on the effects of long-term exposure on 
exercise health (Armstrong et al. 2016). This paper 
discusses the effects of smog on the respiratory system, 
and constructs the quantitative model of aerobic 
exercise damage to human respiratory system in smog, 
and studies related effects. 

MATERIALS AND METHODS 

Causes and Formation Factors of Smog 
Smog is the mixture of fog and haze. Fog is a 

complex atmospheric phenomenon. It is an aerosol 
system formed by water droplets or ice crystals 
suspended in the air, which is can also be considered as 
the condensation of near-surface moisture. Haze is also 
known as ash or smog and is composed of particles of 
dust, nitric acid, sulfuric acid and organic hydrocarbons 
in the air (Mishra et al. 2015). It causes the air to become 
turbid, which blurs the human vision and ultimately 
leads to lower visibility. Smog is mainly composed of 
three substances: nitrogen oxides, sulfur dioxide and 
respirable particulate matter (Sun et al. 2015). Nitrogen 
oxides and sulphur dioxide are gaseous pollutants, and 
the main cause of smog is respirable particulate matter. 
The mixing of these three substances and the mist 
causes the air to be gray. Particulate Matter (abbreviated 
as PM), also known as dust, is a solid or liquid 
particulate matter in the atmosphere. What we have 
tested in our country is fine particles, PM2.5. Fine 
particulate matter refers to particulate matter having an 
aerodynamic equivalent diameter of less than or equal 
to 2.5 μm. It can be suspended in the air for a long time, 
the higher its concentration is, the more serious the air 
pollution is (Wang et al. 2015). Exhaust emissions from 
vehicles, waste from factory discharge, and dust from 
construction are the causes of smog formation, and 
large-scale incineration and volcanic eruptions may be 
the cause of smog formation. However, after entering 
the era of fossil fuels, smog poses the serious threat to 
the environment and health (Hong et al. 2015).  

The main sources of smog fall into two categories: 

(1) Human factors: In the first place is the car 
exhaust. Diesel is the main cause of PM2.5 formation. 
The second is the gas produced by the combustion of 
coal. The third is emissions from industrial production. 
The fourth is dust. The above four cases are the main 
source of haze weather (Lee et al. 2015). 

(2) Climate factors: The first is that buildings in 
cities are getting taller and taller, and blocking and 
friction are significantly weakened when the wind flows 

through the city (Liu et al. 2015). Static wind is not 
conducive to the diffusion and dilution of suspended 
particles in the atmosphere, and it is easy to accumulate 
in cities and suburbs. The second is the inverse 
temperature in the vertical direction. This temperature 
phenomenon, which is slightly higher than the low 
temperature, makes the range of vertical movement of 
the low air layer limited, and it is difficult for air to 
capture suspended particles at high altitude. The third 
is the increase in suspended particulate matter and 
organic pollutants in the air. Along with the growth of 
urban population and industrial development, the 
increase in the number of cars has led to a significant 
increase in pollutant emissions and suspended solids 
(Keating et al. 2015). 

The Effect of Smog on the Respiratory System 

The effect of smog on the incidence of respiratory system 
Whether the person is upright or not is closely 

related to the occurrence of the disease, and the smog is 
a disease caused by external evils. If it is full of vitality 
and powerful, it is not easy to develop (Xu et al. 2015); 
then the disease is issued. Therefore, patients with smog 
in the clinic are more likely to have coughs in the elderly 
and children, and young people are relatively few. In the 
extent of the disease, the smog invades the human body, 
and the damage is light, but the disease is serious. When 
the harm is light, the human body has no obvious 
discomfort and no clinical symptoms appear. But the 
righteousness is getting hurt, and the root of the disease 
is hidden. When the smog is not scattered for a long 
time, it is sick. When the hazard is serious, the body has 
typical symptoms such as cough and sore throat, and the 
righteousness hurts evil and wins the disease. If the 
lungs are sufficient, it can prevent evil, and if the lungs 
are debilitated, it will invade the lungs (Vromen et al. 
2016). At the same time, smog can also induce 
stagnation, such as stimulating the sputum to make the 
stagnation of the disease, aggravating the condition, if 
not treated in time, can endanger life. 

The effect of smog on the cause of respiratory system 
Traditional Chinese medicine is an intuitive 

medicine. It takes the clinical main card as the entry 
point of the disease. Most of the patients with smog in 
the clinic complain of “smoke sneezing”, cough, dry 
nose and throat, and dry throat. Its symptoms are 
consistent with the characteristics of dryness and 
disease, and the smog is mostly in autumn and winter, 
and the weather is mainly dry, so the cause of smog is 
related to dryness and evil (Zhao et al. 2015). At the 
same time, the haze itself is a small particle composed 
of nitrogen oxides, which should belong to the 
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turbidity. Although there are “fog” and “haze” names in 
ancient books, they are fundamentally different in 
meaning and present. In the Eastern Han Xu Shen’s 
Analytical Dictionary of Characters explained: Fog is the 
atmosphere, the sky should not; haze is the wind, rain 
and soil. They are all natural phenomena. The smog 
that today’s people say is mostly caused by industrial 
exhaust. The unnatural six evils should be classified as 
the poisonous evils of Chinese medicine. In Chinese 
medicine, there are three concepts of poison. One is five 
poisons. Second is the five elements of the standard 
violent, namely the so-called cold poison, heat poison, 
wet poison, dry poison, cleansing. Three specifically 
refers to heat poisoning. In addition to the general dry 
symptoms, smog-causing patients also have the 
characteristics of swollen gums, chest pain, fever or 
even high fever, which are consistent with the toxic and 
toxic characteristics of the accumulation of evil spirits. 
Smog can also carry bacterial viruses into the human 
respiratory tract and alveoli to cause infection, so it 
should be classified as the so-called fire poison of 
Chinese medicine (Huang et al. 2016). In summary, the 
respiratory diseases caused by smog have the 
characteristics of dryness, turbidity and toxicity. 

Human Respiratory System Impact Data 
Extraction 

Because aerobic exercise in the smog environment 
has the effect on the respiratory system, it affects the 
skin system and the cardiovascular system (Liu and Shi 
2015). Therefore, the classification algorithm based on 
uncertain data streams is used to extract data on the 
effects of aerobic exercise on the human respiratory 
system in smog environment. Uncertainty can occur 
both in the magnitude of the impact data and on the 
nominal property (Gómez-Hervás et al. 2015). The set 
of uncertain properties of the influence of aerobic 
exercise on the human respiratory system in smog 
environment is as follows 

 𝐴𝐴𝑢𝑢 = {𝐴𝐴1𝑢𝑢,𝐴𝐴2𝑢𝑢, . . . ,𝐴𝐴𝑘𝑘𝑢𝑢} (1) 

where, 𝐴𝐴𝑢𝑢 represents the set of uncertain properties 
of the influence of aerobic exercise on the human 
respiratory system in smog environment, 𝐴𝐴𝑖𝑖𝑢𝑢 represents 
the 𝑖𝑖 uncertainty attribute of 𝐴𝐴𝑢𝑢, and 𝐴𝐴𝑖𝑖𝑖𝑖𝑢𝑢  is the attribute 
value of the uncertain attribute 𝐴𝐴𝑖𝑖𝑢𝑢 on the 𝑡𝑡th sample of 
the influence data. 𝑘𝑘 indicates the number of attributes 
that affect the data uncertainty. 𝑖𝑖 ∈ [1, 𝑘𝑘]. 

The uncertainty attribute value 𝐴𝐴𝑖𝑖𝑖𝑖𝑢𝑢  that affects the 
data contains a range of values and the probability 
distribution over the range. If 𝐴𝐴𝑖𝑖𝑢𝑢 is a numeric attribute, 
its range of values is represented by [𝑎𝑎𝑖𝑖𝑖𝑖 , 𝑏𝑏𝑖𝑖𝑖𝑖], 

where𝑎𝑎𝑖𝑖𝑖𝑖 ,𝑏𝑏𝑖𝑖𝑖𝑖 ∈ 𝑅𝑅, the probability distribution is 
represented by the probability density function 𝑔𝑔𝑖𝑖𝑖𝑖(𝑥𝑥) 
and satisfies ∫  𝑏𝑏𝑖𝑖𝑖𝑖

𝑎𝑎𝑖𝑖𝑖𝑖𝑔𝑔𝑖𝑖𝑖𝑖(𝑥𝑥) = 𝑑𝑑𝑥𝑥 = 1. If 𝐴𝐴𝑖𝑖𝑢𝑢 is noun 

attribute, its range of values is defined as 𝑅𝑅𝑎𝑎𝑅𝑅(𝐴𝐴𝑖𝑖𝑢𝑢) =
{𝑟𝑟1, . . . , 𝑟𝑟𝑚𝑚} and the probability distribution is 
represented by the vector𝑃𝑃 = {𝑝𝑝𝑖𝑖1 , . . . , 𝑝𝑝𝑖𝑖𝑚𝑚}, where, 
Pr(𝐴𝐴𝑖𝑖𝑢𝑢 = 𝑟𝑟𝑖𝑖) = 𝑝𝑝𝑖𝑖𝑖𝑖  and ∑ 𝑝𝑝𝑖𝑖𝑖𝑖𝑚𝑚

𝑖𝑖=1 = 1. 

The sequence of uncertain data samples affecting the 
human respiratory system is represented by equation 
(2): 

 𝐷𝐷𝑢𝑢 = {𝐷𝐷1𝑢𝑢 ,𝐷𝐷2𝑢𝑢 , . . . ,𝐷𝐷𝑖𝑖𝑢𝑢 , . . . } (2) 

where, 𝐷𝐷𝑖𝑖𝑢𝑢 is an uncertain data sample of human 
respiratory damage. Each uncertain data sample 𝐷𝐷𝑖𝑖𝑢𝑢 
contains an attribute vector 𝐴𝐴𝑢𝑢 and a category𝑦𝑦𝑢𝑢, 
namely: 

 𝐷𝐷𝑖𝑖𝑢𝑢 = (𝐴𝐴𝑢𝑢, 𝑦𝑦𝑢𝑢) (3) 

where, y𝑢𝑢 ∈ 𝐶𝐶𝑢𝑢 = �𝐶𝐶1𝑢𝑢,𝐶𝐶2𝑢𝑢, . . . ,𝐶𝐶|𝐶𝐶|
𝑢𝑢 � indicates the 

category to which the sample𝐷𝐷𝑖𝑖𝑢𝑢 belongs. 

This paper aims to construct a classifier for the 
uncertain data stream 𝐷𝐷𝑢𝑢 in order to correctly classify 
the damage data sample 𝐷𝐷𝑖𝑖𝑢𝑢 = (𝐴𝐴𝑢𝑢, y𝑢𝑢 =? ). In big data 
environment, data sources in uncertain data flow 
systems are constantly coming. Since the data is not 
obtained all at once and only one scan is allowed, the 
incremental classification model, the incremental 
decision tree model, needs to be constructed to convert 
the uncertain attributes𝐴𝐴𝑢𝑢 into category probability 
distributions �Pr(𝐶𝐶1𝑢𝑢), . . . , Pr�𝐶𝐶|𝐶𝐶|

𝑢𝑢 ��. So whenever the 
model predicts the sample 𝐷𝐷𝑖𝑖𝑢𝑢belongs to the category 

 𝑦𝑦𝑢𝑢 = 𝑎𝑎𝑟𝑟𝑔𝑔 𝑚𝑚𝑎𝑎𝑥𝑥
𝑐𝑐=1,...,|𝐶𝐶|

{𝑃𝑃𝑟𝑟(𝐶𝐶𝑐𝑐𝑢𝑢)} (4) 

where, 𝑐𝑐 is a quantifier of the category. 

Measurement Model of Damage 
In order to accurately analyze the damage of the 

aerobic exercise to the human respiratory system in the 
smog, in the impact data obtained in the previous 
section, the subjective sensory index of the aerobic 
exerciser’s respiratory system is extracted, and the 
inflammatory factor content in the sputum is 
determined. Finally, the quantitative model of aerobic 
exercise damage to the human respiratory system in 
smog is constructed. 

Subjective sensory indicators of the respiratory system 
Respiratory system sensation indicators are used to 

describe the ease with which aerobic exercisers breathe 
during exercise (Yang et al. 2015). When a certain 
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concentration of smog air enters the human respiratory 
system, two physical processes occur, one is diffusion 
and the other is penetration (Campanhaversiani et al. 
2017). There is a very famous theory about the effect of 
smog air on the human respiratory system. The 
mathematical expressions are as follows: 

 𝛾𝛾 = −𝐼𝐼𝑅𝑅
𝐾𝐾
𝐾𝐾0

= 𝐼𝐼𝑅𝑅
1
𝜆𝜆
− 𝛼𝛼 ⋅ 𝑝𝑝 ⋅ 𝑐𝑐 (5) 

where, 𝛾𝛾 is the subjective sensory index of aerobic 
exercise personnel, 𝐾𝐾0 is the diffusion intensity, 𝐾𝐾is the 
penetration strength, 𝜆𝜆 is the expansion ratio, 𝛼𝛼is the 
absorption coefficient, 𝑝𝑝 is the total absorption of smog, 
and 𝑐𝑐is the concentration of inhalable particles. 
According to the above mathematical expressions, when 
a person maintains aerobic exercise in smog 
environment, the respiratory system’s supervisory index 
of the haze air is also continuously changed, because the 
amount of haze absorbed by the human body is 
different each time. This causes a change in the 
diffusion intensity and penetration strength of the haze 
(Ai et al. 2017). 

Inflammatory factor content 
In smog environment, prolonged aerobic exercise 

can cause the increase in sputum, and sputum contains 
a large amount of inflammatory factors. In order to 
determine the amount of inflammatory factors in their 
sputum, we first take the tester’s sputum 3mL in the 
morning. After centrifugation, the supernatant is taken 
for inflammatory factor level detection. The level of C-
protein in the supernatant is determined by 
immunoturbidimetric turbidimetry, and the level of 
inflammatory-α protein factor is determined by double-
antibody sandwich method. After the test is completed, 
the content of each cell in the sputum of the aerobic 
exercise personnel is compared with the cell content in 
the human sputum under normal circumstances (Dixit 
et al. 2017). The content of each cell in common human 
sputum is shown in Table 1. 

Because the main function of eosinophils is to 
phagocytose inflammatory factors, the proportion of 
eosinophils in people who have been in smog 
environment for a long time will increase significantly. 

Assuming that the proportion of eosinophils in human 
sputum in non-smoggy environment and smog 
environment is 𝐸𝐸 and 𝐸𝐸𝑥𝑥, respectively, the 
inflammatory factor content can be determined 
according to the following formula: 

 𝜎𝜎 =
(1 − 𝐸𝐸)𝜉𝜉𝑖𝑖𝑖𝑖(𝐸𝐸𝑥𝑥 − 𝐸𝐸) + 𝛼𝛼 ⋅ 𝑝𝑝 ⋅ 𝑐𝑐

(1 − 𝐸𝐸𝑥𝑥)𝜉𝜉𝑖𝑖𝑖𝑖
 (6) 

where, 𝜎𝜎 indicates the content of inflammatory 
factors in sputum, 𝜉𝜉𝑖𝑖𝑖𝑖 indicates the stage strain of 
inflammatory factors in smog environment, and 𝛼𝛼 ⋅ 𝑝𝑝 ⋅
𝑐𝑐 is the sensory index of human respiratory system, 
which is obtained by formula (6). 𝛼𝛼 ⋅ 𝑝𝑝 ⋅ 𝑐𝑐 and 𝐸𝐸𝑥𝑥 are 
directly proportional to the severity of the haze, and the 
E value remains unchanged, so the inflammatory factor 
content 𝜎𝜎 in the sputum also increases as the smog 
concentration increases. 

Evaluation model for the degree of damage to the single 
respiratory system 

If there are n kinds of pollutants in the air, the harm 
of a certain kind of pollutant to the human respiratory 
system can be described by the “James damage-
concentration curve”. The model is as follows: 

 𝑆𝑆 =
𝐾𝐾

1 + 𝑎𝑎 × 𝑒𝑒𝑥𝑥𝑝𝑝(−𝑏𝑏 ⋅ 𝑐𝑐)𝜎𝜎 ⋅ 𝛾𝛾 (7) 

where, 𝑆𝑆 indicates the harm caused by a pollutant to 
the respiratory system, 𝑐𝑐 is the concentration of the 
pollutant, 𝑎𝑎 and 𝑏𝑏 indicate the parameters determined 
by the characteristics of the dye, which can be 
determined by damage experiments, and 𝐾𝐾 is the 
amount or value of the functional resource. Definition: 
R is the ratio of the damage produced by the pollutant 
to 𝐾𝐾𝑖𝑖 at a certain concentration 𝑐𝑐, which is called the 
pollution damage rate. Therefore, the following 
formula can be obtained by the formula (8): 

 𝑅𝑅 =
𝐾𝐾
𝑆𝑆

=
1

1 + 𝑎𝑎 × 𝑒𝑒𝑥𝑥𝑝𝑝(−𝑏𝑏 ⋅ 𝑐𝑐) (8) 

Generally, the pollution damage rate of the j-th 
smog pollutant to the i-th function of human breathing 
is: 

Table 1. Cell contents in human sputum in NON-HAZE environment 
Project 1 2 3 4 

TCC (×106/ml) 1.41±0.51 1.41±0.51 1.40±0.51 1.44±0.51 
NPP (%) 39.43±6.81 39.43±6.81 39.40±6.81 39.41±6.81 
ECP (%) 17.62±2.72 17.60±2.72 17.66±2.72 17.63±2.72 
LPP (%) 36.30±5.53 36.33±5.53 36.33±5.53 36.31±5.53 
EPP (%) 17.97±2.51 17.99±2.51 17.95±2.51 17.94±2.51 
ICP (%) 0.94±0.77 0.93±0.77 0.94±0.77 0.97±0.77 

 



 
 
 The Influence of Aerobic Exercise on the Human Respiratory System in Smog 
 

 
Ekoloji 28(107): 2567-2576 (2019)  2571 
 

 𝑅𝑅𝑖𝑖𝑖𝑖 =
1

1 + 𝑎𝑎𝑖𝑖𝑖𝑖 × 𝑒𝑒𝑥𝑥𝑝𝑝�−𝑏𝑏𝑖𝑖𝑖𝑖 ⋅ 𝑐𝑐𝑖𝑖�
 (9) 

𝑎𝑎𝑖𝑖𝑖𝑖  and 𝑏𝑏𝑖𝑖𝑖𝑖  are parameters related to pollutant 
characteristics and human respiratory performance, 
which are objective and cannot be selected at will. When 
there are multiple types of pollutants in the human 
body, the comprehensive damage rate is not the sum of 
the different damage rates. When there are n kinds of 
pollutants, the comprehensive damage rate 𝑅𝑅𝑖𝑖𝑖𝑖𝑖𝑖  is: 

 𝑅𝑅𝑖𝑖𝑖𝑖 = 𝑅𝑅𝑖𝑖𝑖𝑖−1 + (1 − 𝑅𝑅𝑖𝑖𝑖𝑖−1) ⋅ 𝑅𝑅𝑖𝑖𝑖𝑖 (10) 

When 𝑅𝑅𝑖𝑖1 = 𝑅𝑅𝑖𝑖1 , different pollutant concentrations 
can be substituted into equation (9) in order to obtain 
the single pollution damage rate. The comprehensive 
pollution damage rate can be obtained by formula (10). 
When calculating 𝑅𝑅𝑖𝑖𝑖𝑖, the combined damage rate 𝑅𝑅𝑖𝑖2 of 
the two smog pollutants is calculated first, and then 
𝑅𝑅𝑖𝑖2 = 𝑅𝑅𝑖𝑖2 + [1 − 𝑅𝑅𝑖𝑖2] ⋅ 𝑅𝑅𝑖𝑖3 is calculated. And so on until 
𝑅𝑅𝑖𝑖𝑖𝑖 is obtained. 

Evaluation model for degrees of damage to multiple 
human respiratory systems 

For the human respiratory system with m (m>1) 
aerobic exercise performance, the damage degree of 
different aerobic exercise performance is determined 
according to the single function human respiratory 
damage assessment method. If the comprehensive 
analysis is required, the value 𝑉𝑉𝑖𝑖 of the different aerobic 
performance needs to be clarified, which can be 
obtained by the value assessment method in anatomy. 
According to 𝑉𝑉𝑖𝑖/∑ 𝑉𝑉𝑖𝑖𝑚𝑚

𝑖𝑖=1 , the comprehensive evaluation 
of the degree of multiple aerobic exercise performance 
in human respiratory system is 

 𝑅𝑅 =
𝑉𝑉1𝑅𝑅1 + 𝑉𝑉2𝑅𝑅2+. . . +𝑉𝑉𝑚𝑚𝑅𝑅𝑚𝑚

𝑉𝑉1 + 𝑉𝑉2+. . . +𝑉𝑉𝑚𝑚
𝜎𝜎 ⋅ 𝛾𝛾 (11) 

Multiply R by the total value of the human 
respiratory system ∑ 𝑉𝑉𝑖𝑖𝑚𝑚

𝑖𝑖=1  to obtain the total damage 
∑ 𝑉𝑉𝑖𝑖𝑚𝑚
𝑖𝑖=1 𝑅𝑅𝑖𝑖 of the performance value of the human 

respiratory system. Thus, R is the total damage rate of 
aerobic exercise to the human respiratory system under 
conditions of smog weather and multiple assessments, 
which describes the overall degree of damage to 
multiple respiratory systems of aerobic exercise in 
smog. This evaluation is not only related to the type and 

concentration of contaminants, but also to the operation 
of the human respiratory system (Wu et al. 2016). 

Relationship between the degree of respiratory damage 
and smog 

The degree of damage to the human respiratory 
system is unified with the weather assessment to analyze 
the relationship between the two. In order to obtain 
more intuitive and visual results, human respiratory 
damage is divided into several levels according to the 
combined damage rate and air assessment practices 
(Arena et al. 2015).The details are described in Table 2. 

The air quality is directly related to the degree of 
damage to the human respiratory system, and the smog 
damage rate can be regarded as the evaluation result of 
the human respiratory system performance in aerobic 
exercise. This will not only overcome the shortcomings 
of previous human respiratory system performance 
assessment models, but also unify the degree of human 
respiratory damage with air quality assessment. It 
ensures that the assessment of the degree of damage to 
the respiratory system in sports in smoggy weather is 
clear and that accurate assessment results are obtained 
(Timmerman et al. 2015). 

RESULTS 

Effectiveness Analysis 
In order to verify the validity of the model, the 

corresponding experimental analysis is required. The 
model is used to calculate the comprehensive damage 
rate, pollution degree and damage degree under 
different functions of the respiratory system of aerobic 
exercisers in the smog. The results are described in 
Table 3. 

It can be seen from Analysis Table 3 that the smog 
analyzed by the model in this paper has different 
comprehensive damage rates for different functions of 
the human respiratory system, and the corresponding 
degree of pollution and degree of damage are also 
different. It exhibits mild and micro-damage to the 
bronchial illusion and the respiratory center, but it 
poses serious hazard to the damage of other respiratory 
functions. The sports strategy and place should be 
adjusted according to the sports countermeasures under 

Table 2. Classification standard 
Comprehensive 
damage rate/% %<1 1≤%<5 5≤%<20 20≤%<50 50≤%<90 %≥90 

Pollution level Excellent Still clean Light pollution Middle pollution Heavy pollution Serious 
pollution 

Damage degree No harm Micro damage Slight damage Intermediate damage Serious damage Loss of 
function 
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the smog weather. Patients with serious illness should 
be treated in time. 

According to the model of this paper, the damage 
rate of different types of aerobic exercise personnel is 
described in Table 4. 

Analysis Table 4 shows that the smog analyzed by 
the model in this paper is the most serious damage to 
the respiratory system in the elderly and children during 
aerobic exercise. The degree of damage to female 
personnel is also more serious, while the damage to 
adult males is relatively small. This result is consistent 
with the characteristics of the actual different types of 
people’s respiratory system function, which shows that 
the model is effective. 

Performance Analysis 
The model, random cross-analysis model and 

analytic model were used to conduct comparative 
experiments. For the same type of population, the 

analysis error of the three models for the degree of 
damage to the respiratory system is described in Fig. 1. 

Analysis of Fig. 1 shows that the maximum 
analytical error of the model is 0.15, the maximum 
analytical error of the random cross-analysis model is 
0.6, and the maximum analytical error of the analytic 
model is 0.59. The error of the model proposed in this 
paper is obviously smaller than the other two methods, 
and the other two methods have large fluctuations with 
the increase of the number of experiments. 

For different types of people, the error analysis 
results of the damage degree of the three models on the 
respiratory system are described in Fig. 2. 

Analysis of Fig. 2 shows that the model analysis 
error is 0.18, the random analysis model has the 
maximum analysis error of 0.6, and the analytic model 
has the maximum analysis error of 0.6. It can be seen 

Table 3. Different function of human respiratory system pollution damage rate 
The damage rate is R/% Comprehensive damage rate/% Pollution level Damage degree 

Respiratory function of lung 
pulmonary ventilation 7.24 Heavy pollution Functional impairment 
Pulmonary ventilation 6.85 Heavy pollution Serious harm 

Defense and Immune Function 
of Respiratory System 

Respiratory mucosa 
and mucociliary 
delivery system 

5.46 Middle pollution Intermediate damage 

Pulmonary blood circulation 
Pulmonary circulation 5.12 Light pollution Serious harm 
Bronchial circulation 4.86 Light pollution Micro damage 

Respiratory motor regulation 
Respiratory center 3.52 Light pollution Micro damage 

Chemical Regulation 
of Respiratory Motion 5.25 Heavy pollution Serious harm 

 

Table 4. Different types of pollution damage to the respiratory rate 
The damage rate is R/% Comprehensive damage rate/% Pollution level Damage degree 

Age group 
The elderly 10.35 Heavy pollution Functional impairment 
Children 8.93 Heavy pollution Intermediate damage 

Adult 4.32 Middle pollution Intermediate damage 

Gender 
Male 5.36 Light pollution Micro damage 

Female 6.78 Middle pollution Intermediate damage 
 

 
Fig. 1. Error comparison results of three models  

Fig. 2. The results of different kinds of people 
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that the results analyzed by the model have the high 
degree of matching with the actual test results and have 
achieved satisfactory results. 

To further analyze the analysis results of the three 
models, four subjects are first subjected to a 3-hour 
aerobic exercise in the simulated environment and used 
as an experimental group. The other 4 subjects are 
subjected to aerobic exercise for 3 hours in the non-
smog environment and used as a control group. The 
subjective sensory index of the respiratory system of the 
two groups is collected, and the contents of each cell in 
the sputum are compared and tested. The results are 
shown in Table 5 and Table 6. 

 

 The data of Table 5 and Table 6 are analyzed by 
using three models. The analysis results of the 
stochastic cross-analysis model and the analytic 
hierarchy model are respectively described in Fig. 3 and 
Fig. 4; the analysis results of the model are described in 
Fig. 5. 

 According to Fig. 3 and Fig. 4 (the black target 
point represents the inflammatory factor), the random 
cross-analysis model and the analytic hierarchy model 
are used to determine the respiratory damage effects of 
the experimental group and the control group. The 
experimental results are scattered and not clear. The 
results of the experimental and control groups did not 
help to determine the severity of aerobic exercise 
damage to the human respiratory system in smog 
environment. 

Analysis of Fig. 5 shows that the damage degree of 
the experimental group obtained by the model is 
significantly higher than that of the control group, and 
each target point is evenly distributed in a certain order, 
which makes it easier to determine the experimental 
results. 

Table 5. Test results of experimental group 
Project 1 2 3 4 

TCC (×106/ml) 1.41±0.51 1.41±0.51 1.40±0.51 1.44±0.51 
NPP (%) 39.43±6.81 39.42±6.81 39.41±6.81 39.40±6.81 
ECP (%) 17.62±2.72 17.63±2.72 17.61±2.72 17.64±2.72 
LPP (%) 36.30±5.53 36.31±5.53 36.32±5.53 36.30±5.53 
EPP (%) 25.84±2.51 25.99±2.51 27.95±2.51 27.94±2.51 
ICP (%) 0.94±0.77 0.91±0.77 0.97±0.77 0.95±0.77 

 

Table 6. Test results of control group 
Project 1 2 3 4 

TCC (×106/ml) 1.41±0.51 1.41±0.51 1.40±0.51 1.43±0.51 
NPP (%) 39.43±6.81 39.41±6.81 39.45±6.81 39.40±6.81 
ECP (%) 17.62±2.72 17.61±2.72 17.65±2.72 17.62±2.72 
LPP (%) 36.30±5.53 36.31±5.53 36.32±5.53 36.30±5.53 
EPP (%) 17.97±2.51 17.98±2.51 17.99±2.51 17.93±2.51 
ICP (%) 0.93±0.77 0.92±0.77 0.95±0.77 0.95±0.77 

 

 
Fig. 3. Analysis results of stochastic cross-analysis 
model 

 

 
Fig. 4. Analytical hierarchy process model 
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 By comparison, it can be proved that the model can 
clearly show the severity of aerobic exercise damage to 
human respiratory system in smog environment. 
Judging the damage effect by this model can help people 
to face the seriousness of the airborne pollution of the 
smog weather on the respiratory system of outdoor 
dancers, and alert people to pay attention to smog and 
do a good job of prevention. 

DISCUSSION 
Combined with the research content of this paper, 

the following countermeasures are given: 

(1) Popularization of sports knowledge: Use a 
variety of communication channels, such as online 
video, Sina Weibo, and public service advertisements to 
popularize the knowledge of healthy sports in the smog. 
Social sports instructors can promote and guide relevant 
knowledge within the community to enable people to 
exercise safely in smog weather. 

 (2) Adjust the movement mode: The concentration 
and frequency of smog in spring and winter are high. At 
this time, high-intensity outdoor sports should be 
avoided as much as possible. According to the survey, 
the smog concentration is higher in the four periods 
from 1:00 to 4:00, 6:00 to 8:00, 13:00 to 15:00, and 16:00 
to 20:00. Therefore, when choosing outdoor sports, you 
should avoid these four time periods. 

(3) Strengthening smog treatment: Outdoor sports 
in the smog, a large number of harmful particles are 
inhaled into the human body, resulting in respiratory, 

cardiovascular and cerebrovascular diseases. Moreover, 
symptoms such as dizziness, chest tightness, poor 
breathing, etc., which are not timely oxygen supply, are 
prone to occur. Vehicle exhaust, factory exhaust, dust, 
etc. are the causes of smog formation. To avoid the 
harm caused by smog, only to fundamentally control 
the smog, this requires government departments to 
increase supervision, control pollution emissions, and 
adjust the industrial model. 

(4) Exercise place and time: Smog usually occurs on 
nights or mornings when the ground is full of water and 
stability. Most scientists suggest that indoor activities 
should be more acceptable in smog. Therefore, in order 
to get the exercise under the best environmental 
conditions, please try not to do outdoor activities in the 
spring or autumn morning. More green areas such as 
parks and forests should be selected to make them 
healthy, efficient and comfortable. 

(5) Countermeasures: If movement in the haze is 
inevitable, remedial work should be carried out in a 
timely manner to minimize the effects of particulate 
dust. In the first step, the washing after the end of the 
exercise can remove the dust from the surface of the 
skin. In the second step, the amount of glucose is taken 
to supplement the energy needed by the body. The third 
step, some digestible foods, preferably foods rich in 
vitamins, inorganic salts and minerals, are used to 
moisturize the lungs and clear the throat. At the same 
time, you should also pay attention to the diet cannot be 
greasy, avoid spicy and alcohol, eat more tofu, 
vegetables, eggs, etc., to create healthy body for yourself. 

CONCLUSIONS 
In order to determine the influence of aerobic 

exercise on the human respiratory system in smog, the 
classification algorithm based on uncertain data flow is 
used to extract the influence data of aerobic exercise on 
human respiratory system in smog, and obtain the 
subjective feeling index of respiratory system. After 
determining the inflammatory factor content in the 
sputum of the aerobics in the smog, the measurement 
model of the aerobic exercise in the smog on the human 
respiratory system is constructed. It has been verified 
that the model can help people to face the seriousness 
of the aerobic exercise on the human respiratory system 
in the smog environment, to alert people to the 
importance of smog. In smoggy weather, try to reduce 
your outings or take precautions before going out. 

 
Fig. 5. Analysis results of the model in this paper 
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