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Abstract 
Roads are one of the most important factors affecting the environmental life within an urban area. Roads 
physically replace wildlife habitat and often reduce life’s quality nearby, fragment the remaining habitat, and 
cause increased mortality through vehicle collisions. Although road ecology is a growing field of study, 
relatively little of this research, and relatively few mitigation projects, has been done in urban landscapes. 
Road projects are generally intended to improve the economic and social welfare of people. But for all the 
positive aspects of road projects, they may also have significant negative impacts on nearby communities and 
the natural environment. Road ecology is the study of the ecological effects (both positive and negative) of 
roads and highways (public roads). These effects may include local effects, such as on noise, water pollution, 
habitat destruction/disturbance and local air quality; and wider effects such as habitat fragmentation, 
ecosystem degradation, and climate change from vehicle emissions. The design, construction and 
management of roads, parking, spatial distribution of the intersections and other related facilities as well as 
the design and regulation of vehicles can change their effect. Roads can have both negative and positive effects 
on air quality: a) Negative effects - Air pollution from fossil (and some biofuel) powered vehicles can occur 
wherever vehicles are used and are of particular concern in congested city street conditions and other low 
speed circumstances. Emissions include particulate emissions from diesel engines, volatile organic 
compounds, carbon monoxide and various other hazardous air pollutants including benzene. Concentrations 
of air pollutants and adverse respiratory health effects are greater near the road than at some distance away 
from the road. Road dust kicked up by vehicles may trigger allergic reactions. Carbon dioxide is non-toxic 
to humans but is a major greenhouse gas and motor vehicle emissions are an important contributor to the 
growth of CO2 concentrations in the atmosphere and therefore to global warming; b) Positive effects - The 
construction of new roads which divert traffic from built-up areas can deliver improved air quality to the 
areas relieved of a significant amount of traffic. The Environmental and Social Impact Assessment Study 
carried out for the development of the roads estimated that it would result in improved air quality in Beijing 
city centre. In this study, Combing the traffic characteristics at the intersection of urban road and the use of 
environmental protection facilities to set up an environmental data collection scheme at the intersection of 
urban road in Beijing, then combining the conditions of the facilities and the surrounding to determine the 
point of monitoring, frequency of monitoring, monitoring index and monitoring method environment was 
necessary. By analysing the concentration of particles at different monitoring points, the mean value and 
variance of the hourly concentration were compared and analysed. By further analysing, the correlation 
between particle concentration and traffic characteristics and fitting estimation of data，the spatial diffusion 
model of particulates at the intersection was established. Finally the distribution of particles at the 
intersection of urban roads is obtained. That is the distribution of particulate matter on the cross section of 
intersection was higher in the centre and then decreased to the two sides. The higher the concentration of 
particulate matter at the point near the intersection parking line, the greater the fluctuation. The fluctuation 
of particle concentration on the sidewalk is higher than that on the driveway. The regularity of PM2.5 in 
particulate matter is consistent with that of PM10 in particulate matter. 
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INTRODUCTION 
Roads ecology focuses on the relationship of the 

road network – the largest human artifact on the 
planet—and the land on which the roads are built. The 

roads tie the land together for humans but separate 
nature into pieces. There are four ways road systems 
impact the surrounding atmosphere and the ecology 
including wildlife habitat, human life, and other 
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environmental conditions. Roads produce significant 
amounts of dust and chemical pollution. Fossil fuel 
burned by cars and trucks driving on roads is a major 
source of atmospheric pollutants and greenhouse 
gasses. Road construction uses large amounts of 
concrete and asphalt, both of which impact the 
atmosphere. Road construction is destructive to natural 
environments and is a major cause for deforestation and 
the resulting loss of carbon storage.  

Since the end of 1960s, many foreign scholars have 
studied the vehicle exhaust diffusion model, which is 
mainly divided into street canyon model and road 
diffusion model. The main research object of this topic 
is the road intersections of the city, which belong to the 
road diffusion model. The main representative models 
of the road diffusion model are HIWAY-2 and CALINE 
(Benson 1984, Vincent et al. 2011). The newer model 
includes the ADMS model of the Cambridge 
environmental research company and the RLINE 
model of the EPA (Carruthers et al. 1994, Snyder et al. 
2013). The HIWAY-2 model classifies the atmospheric 
stability into three classes: unstable, neutral and stable, 
and takes into account the influence of the mechanical 
turbulence on the atmospheric stability during the 
diffusion process. The CALINE model divides the 
highway into several road sections, which can be used 
to evaluate the distribution and variation of pollutants 
in the 500m range of both sides of the highway, and 
then predict the emission concentration of pollutants 
on the highway. Chen Lu and others summarized the 
monitoring values of PM2.5 mass concentration in 
different regions and at different times in China. It was 
found that the distribution of mass concentration of 
PM2.5 in different functional areas, sources of 
pollutants, meteorological conditions and so on existed 
in time. Corresponding spatial differences (Chen et al. 
2013). Yang Wentao and others from Hunan University 
of Science and Technology used spatial cluster analysis 
to detect the aggregation structure of PM2.5 
concentration in 2014 in Beijing. On this basis, the 
seasonal temporal and spatial distribution characteristics 
of PM2.5 were analyzed by means of aggregation 
structure. It is concluded that the degree of PM2.5 
pollution and spatial variation in spring and summer 
seasons are lower than those in autumn and winter 
seasons. The spatial distribution characteristics of 
PM2.5 concentration in north and south are lower than 
those in autumn and winter seasons (Yang et al. 2018).  

At home and abroad, most of the researches mainly 
focus on the research of large area pollutants in roads or 
large areas such as cities or countries, and the pollutants 

are mainly concentrated in CO and nitrogen oxides. In 
this paper, the urban road intersection and particulate 
matter are studied separately, and the spatial 
distribution model is established on the basis of the 
study of spatial distribution law, which is an innovation 
and supplement to the research on the concentration 
distribution of particulate matter. 

The number of intersections in the city is many and 
widely distributed. It can be seen from the 
characteristics of motor vehicle operation that the 
vehicles at intersections are often in the state of 
acceleration, deceleration and idling. Because of its 
unique vehicle driving characteristics, the concentration 
of pollutants at intersections is often the highest in all 
road types of urban traffic. The harm of particulate 
matter to human body cannot be ignored, so it is very 
urgent to study the air pollutants at the intersection of 
urban roads. 

MATERIAL AND METHODS 
In order to explore the multi-directional spatial 

distribution of particulate matter in urban road 
intersections, three dimensions of horizontal, 
longitudinal and height are selected for monitoring. 
The monitoring points are mainly distributed in 
different functional areas of intersections, such as motor 
lanes. Non-motorized lanes and sidewalks. The 
monitoring instruments for particulate matter are hand-
held PM2.5 high precision speedometer and mobile 
trace gas analyzer. The hand-held PM2.5 high precision 
speedometer is a special monitoring instrument for 
measuring the values of PM2.5 and PM10 in air. It has 
the advantages of simple operation, stable performance 
and so on. The portable monitor is convenient for 
workers to move around at multiple monitoring points, 
and can be monitored in short time and frequency. The 
recording frequency of the instrument is one record per 
second. That is, 60 sets of data per minute. It is suitable 
for low-security and large-scale instruments can not be 
placed for a long time. The portable trace gas analyzer is 
an electrochemical ppb gas sensor produced by 
Environmental Sensor Technology Corporation of 
USA. After many years of verification, the 
concentration of environmental gas can be measured as 
low as 1 ppb, and the dust in the environment can be 
analyzed by laser scattering unit. The recording 
frequency of the instrument is once a minute, that is, 60 
sets of data per hour. All monitoring instruments are 
calibrated prior to formal monitoring to maintain 
consistency with environmental quality data released by 
EPA. 
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Monitoring Programme for Horizontal Points at 
Intersections 

Because the main roads are mainly used to link up 
with important traffic hubs, important public places and 
other important places, the traffic volume is large, and 
it plays a major role in the traffic function in Beijing. In 
this investigation, three kinds of intersections of 
different grades of roads and main roads are selected for 
field monitoring. They are the intersections of main 
roads and main roads (M&M), the intersections of main 
roads and sub-main roads (M&S), and the intersections 
of main roads and branches (M&B). The indicators 
monitored were PM2.5 and PM10.PM2.5 and PM10 as 
respirable fine particles suspended in the air, which 
were affected by the wind, so they were chosen to be 
observed in a clear, windless or breezy (wind speed less 
than 4 m / s). The traffic parameters such as traffic flow 
and speed are recorded, and the vehicle operation at the 
intersection during the whole monitoring process is 
recorded by video recorder. 

Because the width of the position of each point on 
the main road can meet the needs of the large scale 
instrument, the “fixed point type” monitoring method 
is chosen to monitor the trunk road, that is, the portable 
trace gas analyzer is placed to monitor the trace gas for 
a long time. The width of monitoring points on the 
remaining types of roads is limited and it is not possible 
to place large instruments for long periods of time, so 
“mobile” monitoring methods are used to monitor 
other types of roads. The hand-held portable monitor 
moves and monitors at various points. The monitoring 
time of each location is 7: 00 and 19: 00. The specific 
situation of each monitoring site and the distribution of 
monitoring points are shown in Table 1. 

Transverse Distribution of Particulate Matter 
From the analysis of the mean and variance of 

particle concentration in Fig. 1, we can see that the 
concentration of particulates at the center line of the 

road is the highest, and the volatility is the largest, 
decreasing gradually on both sides. 

From the Figs. 2-4, it can be seen that at the 
intersection of the main road and the secondary trunk 
road, the concentration of particulate matter in the cross 
section of the secondary trunk road basically shows the 
spatial distribution trend of “W” shape. The 
concentration in the central separation zone is higher 
and gradually decreases to both sides, and the 
concentration in the non-motorized lane about 7 meters 
from the central separation zone is the lowest, with an 
average decrease of about 3.3 percent. The 
concentration from non-motor vehicle to sidewalk 
increased gradually, with an average increase of 1.6. The 
concentration of sidewalk was slightly higher than that 
of particulate matter in central isolation.  

Table 1. Overview of environmental monitoring at intersections 

Type of 
 intersection 

Monitoring  
position 

Location of 
monitoring 
section 

Number of 
lanes at 
monitoring 
section 

Central 
segregation of 
monitoring 
sections 

Monitoring 
instrument 

Intersection of main 
road and main road 
(M&M) 

The intersection of 
Xidawang Road and 
Shuanglong Road 

Shuanglong Road Two-way 8 lane Central green belt mobile trace gas 
analyser, video recorders 

Intersection of main 
road and sub-main road 
(M&S) 

The intersection of Song Yu 
Nan Roadand Wusheng East 
Road 

Wusheng East 
Road Two-way 4 lane Central guardrail 

hand-held PM2.5 high 
precision speedometer, 
video recorders 

Intersection of main 
road and branche 
(M&B) 

The intersection of Zuo’an 
men’s inner street and 
Longtan road 

Longtan road Two-way 2 lane No central isolation 
hand-held PM2.5 high 
precision speedometer, 
video recorders 

 

 
Fig. 1. Data Analysis of particulate concentration at the 
intersection of the main road and the access road 
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At the intersection of the trunk road and the main 
road, the concentration of the cross section of the trunk 
road basically presents the spatial distribution of the 
shape of “M”. The analysis of the mean value of particle 
concentration in Fig. 5 shows the same spatial pattern. 
The highest point of particulate concentration is located 
in the non-motorized lane on both sides. Then down to 
both sides. About 9.5 in the central separation zone 

about 20 meters from the non-motorized lane, and 
about 39% on the sidewalk about 5 metres away from 
the non-motorized lane. And from the figure, there is a 
significant difference between the two sides of the 
decline. This is due to the asymmetric canyon type on 
both sides of the main road, the Jianguo Hotel of Beijing 
University of Technology on the north side of the road, 
which has a higher floor and a four-story building on 
the south side of the road. 

According to the transverse distribution of 
particulate matter in the intersection of different road 
types, the different road structure has a certain influence 
on the distribution of particulate matter. From the point 
of view of pedestrians, the concentration of particulate 
matter in the sidewalk at the intersection of the trunk 
road and the main road is the lowest and the decrease is 
the largest. It is suggested that the slow traffic should be 
set on the trunk road with low particulate concentration 
as far as possible. 

Transverse Distribution of Particulate Matter 
In view of the longitudinal distribution of particulate 

matter in intersection, because there are many 
longitudinal monitoring points, this investigation 
chooses the intersection of Songyu Nan Road and 
Wusheng East Road to focus on monitoring. The 
longitudinal monitoring points are shown in Fig. 6. 

 
Fig. 2. The Lateral distribution of PM2.5 at the 
intersection of the main road and the secondary road 

 

 
Fig. 3. The Lateral distribution of PM10 at the 
intersection of the main road and the secondary road 

 

 
Fig. 4. Data Analysis of particulate concentration at the 
intersection of the main road and the secondary road 

 
Fig. 5. Data Analysis of particulate concentration at the 
intersection of the main road and the main road 



 
 
 Measurement and Analysis on the Law of Spatial Distribution of Particles at the Intersection of Urban Roads … 
 

 
Ekoloji 27(106): 951-957 (2018)  955 
 

Because of the number of instruments, longitudinal 
monitoring points are many, monitoring is divided into 
two times. In order to control the variables as much as 
possible and reduce the influence of weather factors on 
the environmental quality data, the real-time 
environmental quality background values published by 
the Environmental Protection Bureau on the same day 
were reduced by the instrument monitoring values.  

The overall trend of the longitudinal distribution of 
particulate matter in the driveway is similar to that in 
the sidewalk, showing regular fluctuations. But it can be 
seen from the Fig. 7 that the fluctuation of particulate 
matter in the driveway is obviously smaller than that on 
the sidewalk, and the data of each group are very 
concentrated. The variance analysis of PM2.5 
concentration on the sidewalk and PM2.5 
concentration on the driveway also shows that the 
fluctuation of the concentration on the sidewalk is 
obviously higher than that in the driveway. The 
concentration of parking line is the highest, and the 
concentration decreases rapidly from 5 meters to 10 
meters. After 10 meters, the concentration of particulate 
matter fluctuated slightly and the trend was stable. 

RESULTS 

Correlation Analysis 
In order to analyze the relationship between the 

influence factors of motor vehicles and the spatial 
distribution of particulate matter concentration, the 
traffic parameters of vehicle flow and vehicle speed were 
collected. The traffic flow data are obtained by the 
traffic flow counter. 

The concentration of particulate matter is 
monitored at the intersection of the main road and the 
main road. At the same time, the traffic flow data are 
collected by the car flow counter. The data are for three 
days of 7: 00~19: 00. The speed data is obtained by 
video recording of the intersection in the process of 
monitoring, and the motion analysis software Simi is 
used to analyze the video. 

Because the rules of PM2.5 and PM10 were the 
same, only PM2.5 was analyzed. As shown in the Fig. 
8, the distribution trend of hourly traffic flow and 
particulate matter PM2.5 with time is basically the 
same, and there are obvious differences between peak 
period and ordinary period. By regression analysis of 
hourly traffic volume and average PM2.5 concentration, 
the combined distribution of vehicle flow and 
particulate PM2.5 is shown in Fig. 9. The correlation 
coefficient was 0.809801 and the fitting result R2 was 
0.66. It can be seen from the data that the correlation 
between vehicle flow and particulate matter PM2.5 is 
high. The relationship between vehicle speed and 
particle PM2.5 was analyzed using the same method. 
The correlation coefficient between speed and PM2.5 is 
only 0.296758. The relationship between the velocity 
and the concentration of PM2.5 also shows that the 
correlation between the velocity and the concentration 
of PM2.5 is low. 

 

 
Fig. 6. Longitudinal monitoring point distribution 

 
Fig. 7. Comparative analysis ofPM2.5 concentration in 
sidewalk and non-motorized driveway at the 
intersection 

 
Fig. 8. The distribution of PM2.5and vehicle flow 
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Establishment of Spatial Distribution Models 
The spatial transverse distribution of particulate 

matter varies with the type of road. Different road types, 
road width and the height of buildings on both sides of 
the road have different effects on the lateral diffusion of 
particulate matter. The concentration of particulate 
matter in the driveway has little effect on the health of 
the traveller in the vehicle, so this study mainly focuses 
on the distribution of particulate matter on the 
sidewalk. In other words, the longitudinal spatial 
distribution of particulate matter is modeled. 

Based on the longitudinal distribution of particle 
concentration on the sidewalk and the correlation 
analysis between vehicle factors and particle 
concentration, the function between particle 
concentration and the distance between particle 
concentration and the parking line at intersection is 
approximately as follows: 

 𝑃𝑃 = 𝑓𝑓{𝑄𝑄,𝐸𝐸𝐸𝐸,𝐷𝐷}  

𝑃𝑃: The average hourly concentration of particles on 
the sidewalk at the intersection. The units are:μg/m3 

𝑄𝑄: The hour traffic volume of vehicles near the 
sidewalk side of the intersection 

𝐸𝐸𝐸𝐸: Emission factors for various models (Cai and 
Xie 2010, Xie et al. 2006)  

𝐷𝐷: Distance from the stop line at the intersection 

Based on the correlation between the above traffic 
parameters and the concentration of particulate matter 
and the fitting and estimation of the existing data of each 
parameter by the mathematical analysis and processing 

software SPSS. The specific function forms are 
determined as follows: 

 𝑃𝑃 = 𝑄𝑄 × 𝐸𝐸𝐸𝐸 × 𝐴𝐴 × 𝐷𝐷𝐵𝐵  

The longitudinal distance 𝐷𝐷, the volume of traffic 𝑄𝑄, 
the concentration of PM2.5 emission factor PM2.5 and 
the above function are analyzed by nonlinear regression 
analysis. The parameter estimates are shown in Table 
3. The coefficient 𝐴𝐴=6.418, 𝐵𝐵=-0.02 

The longitudinal distribution model of particulate 
matter PM2.5 is as follows: 

 𝑃𝑃 = 𝑄𝑄 × 𝐸𝐸𝐸𝐸 × 6.418 × 𝐷𝐷−0.02  

The same method is used to analyze the longitudinal 
distance, traffic volume, and various models for the 
emission factors of PM10, the concentration of PM10, 
and the nonlinear regression analysis of the above 
models. The coefficient A=12.706, B=0.19. 

The longitudinal distribution model of the particle 
PM10 is as follows: 

 𝑃𝑃 = 𝑄𝑄 × 𝐸𝐸𝐸𝐸 × 12.706 × 𝐷𝐷0.19  

DISCUSSION 
As an important part of urban traffic network, urban 

road intersection cannot be ignored. It is an important 
factor affecting traffic congestion. The frequent 
acceleration and deceleration of vehicles at intersections 
make urban road intersections a region with poor 
environmental quality. In this study, the spatial 
distribution of particulate matter and its correlation 
with other traffic parameters at urban intersections 
which resulted in vast ecological and environmental 
changes including air, and water and also noise 
pollution, wildlife mortalities, atmospheric changes, 
etc. were studied by collecting the data of particulate 
matter in urban intersections. Draw the following 
conclusions: 

1) The distribution of particulate matter 
concentration on the cross section at the 
intersection is higher in the centre and then 
decreases to the two sides. The process and 
extent of the decrease are slightly different with 
different road types. 

 
Fig. 9. The distribution of PM2.5and vehicle speed 
 
Table 2. Correlation coefficient between PM2.5 and 
motor vehicle factors 

Traffic parameter index Concentration of PM2.5 
Hourly traffic flow 0.809801 

Hourly average speed 0.296758 
 

Table 3. Estimated value of parameter 

Parameter Estimate Standard 
error 

95% confidence interval 
Lower limit Superior limit 

A 6.418 2.325 0.730 12.107 
B -0.020 0.122 -0.318 0.277 
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2) The diffusion rule of particulate matter on the 
vertical section within 50 meters of intersection 
is that the higher the concentration of particulate 
matter at the point near the intersection parking 
line, the greater the fluctuation. Because of the 
diffusion of gas, the fluctuation of longitudinal 
distribution on sidewalk is higher than that of 
driveway. The correlation between the specific 
distance and the concentration of particulate 
matter can be found in the model in the previous 
section. 

3) The concentration of particulate matter under 
the flyover is the highest. Due to the gradual 
diffusion of the concentration of particulate 
matter, the upward concentration decreases first 
and then increases, but it is still lower than that 
of the ground level. 

4) The rules of PM2.5 and PM10 were consistent. 

5) Government departments are advised to place 
slow traffic on the sidewalks of trunk roads as far 
as possible. 
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