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Abstract
The characteristics of inhalable particulate matter (PM2.5, PM10) in urban subway stations can have a
major impact on passengers’ health. Existing research largely fails to focus on different environmental
control systems and there are few studies focused on different pollution conditions. This study therefore
focused on measuring and comparing the characteristics of PM2.5 and PM10 at subway stations with
three control systems in Beijing different pollution conditions. Stations including three types of control
system (open, closed and screen door) and outside were monitored and analyzed using a general linear
model. The concentration of PM2.5 and PM10 at different locations, such as on platforms, in carriages
and in working areas, was compared and analyzed under different external pollution conditions. The
results show that at different environment control systems the characteristics of PM2.5 and PM10 are
different. The concentrations of particles in closed system are generally higher than screen system at
platform. While the pollution in carriage is heavier for open system than that of screen system. The
PM2.5/PM10 ratio was 91%, 90% and 83.84% at closed, open and screen system, respectively. While, the
PM2.5 and PM10 levels inside the stations were strongly correlated with the outdoor conditions
regardless of the environmental control system. This is the �rst study to show the PM concentration
characteristics for different subway environmental control systems. As such, it provides a solid
foundation for air clean studies at subway stations with different control systems.

1 Introduction
The recent large-scale urbanization of China and other places around the world has signi�cantly
increased the volume of tra�c in large and medium-sized cities. This has had a number of notable
convenient outcomes for commuters. In particular, as modern subway systems have developed, they
have encompassed ever more far-�ung suburbs, increasing the distances they cover and meaning that
the average time passengers spend in them has been greatly augmented. The United States
Environmental Protection Agency (EPA) found that the average amount of time people spent in subways
accounted for 7.2% per day (Qiao, 2015).

A consequence of this that has caused particular concern is that commuting by subway substantially
increases people's personal exposure to inhalable particulate matter. Coarse particulate matter can
become trapped in the trachea and bronchi of humans, resulting in it either being swallowed or
discharged from the respiratory system via coughing (Araji, 2017). According to the sizes, particulates
can be subdivided into coarse particulate (PM10 > 2.5 microns), �ne particulate (PM2.5 > 0.1 microns)
and ultra�ne particulate (PM < 0.1 microns). Many epidemiological studies have found a positive
correlation between the concentration of particulate matter and morbidity from respiratory, heart and lung
disease. It has been reported that the risk of cardiopulmonary disease rises by 4% and of lung cancer by
8% when PM2.5 concentrations reach a level of 10 µg/m3 (micrograms per cubic meter) (Aarnio, 2005).

A number of researchers have found that long-term exposure to high concentrations of PM2.5 in subways
can seriously harm human health (Cheng, 2012; Janssen, 2013). Some results suggest that the hazard
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from PM2.5 in subways is up to ten times greater than it is at ground level (Aarnio, 2005). A comparison
of the genotoxic and in�ammatory effects of particles generated by wood combustion, on highways, in
ordinary city streets and in subways, found that the particles in subways cause more damage to DNA
than any other particles (p < 0.001). This was put down to the greater presence of redox-active iron
(Karlsson, 2006).

Understanding and controlling the impact of particulate matter in subways on people's health and safety
is clearly now of vital concern. Monitoring and analyzing PM concentrations and their patterns of
variation in subway stations is an essential step towards improving the overall air quality within them
and supporting the development of healthy city transportation systems. This can then support the design
of more effective �ltration equipment and form the basis of further study. We conducted a study that
compared different control systems described following in subway stations by measuring the PM2.5
levels in different locations within them.

1.1 Subway station environmental control systems
Three types of environmental control system are commonly used in subway stations around the world:
an open system, a closed system and a screen door system. In a subway station with an open
environmental control system in Fig. 1 (a), the inside public area is directly connected with the outside.
Typically, a piston wind shaft and the entrances are used as ventilation for air exchange. These types of
subway station are usually above ground or elevated. In a closed system (see Fig. 1 (b)), when a carriage
runs through the tunnel, it is almost completely isolated from the outside. The station itself uses a
ventilation and air conditioning system and the piston wind caused by the carriage carries cold air into
the tunnel to reduce the tunnel temperature. In a screen door system, the tunnel is completely isolated
from the station platform by a screen door or glass. In the red circle in Fig. 1 (c), we can see that the wall
runs from the roof to the �oor, so the air in the platform cannot go into the tunnel and vice versa. The
station platform and other public areas are controlled by a ventilation and air conditioning system, while,
in the tunnel, the heat has to be carried out or exchanged with the outside air by means of the piston wind
generated by the trains when they are moving. The difference between a closed system and a screen door
system is that, in the latter, the platform is completely isolated from the tunnel. When compared to a
screen door system, a closed system offers greater energy savings, while a screen door system can
maintain a more stable environment on the platform, with less �uctuation being caused by the piston
wind. Open systems are the most energy-saving of the three, as there is no air conditioning system and
fresh air moves directly from outside through the tunnel. The downside of this system is that the air
quality varies a lot, according to the outside conditions.

1.2 State of the art
A lot of research has already studied the presence of PM2.5 and PM10 in subway stations. The
geographical locations covered by this research are shown in Table 1 (Song, 2019). Related studies have
taken place in over 10 countries, with the research mostly concentrating on big cities where large
numbers of passengers take the subway every day.
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Table 1

The current research regarding PM2.5 and PM10 in subways
Area City Country Studies

North
America

Montreal Canada Boudia N, 2006

New York America Ruzmyn, 2015

Los Angeles America Kam W. Z., 2011

Puna America Delbari1, 2016

Mexico city Mexico Hernandez-Castillo CR, 2014.; Gomez-Perales, 2004;
Mugica-Alvarez, 2012

Europe Stockholm Sweden Midander, 2012

Helsinki Finland Aarnio, 2005

London England Adams, 2001

Birmingham England Harrison, 1997

Paris French Bachoual, 2007; Tokarek, 2006

Bracelona Spanish Moreno, 2014

Milan Italy Colombi, 2013

Istanbul Turkey Şahin, 2012

Asia Tehran Iran Hosein, 2014

Seoul Korean Kim K. Y., 2008; Son, 2012

Fukuoka Japan Huang, 2012

Shanghai China Guo, 2014; Ma, 2014)

Beijing China Huang, 2012; Guan, 2018; Pan, 2019

Guangzhou China Chan, 2002

Xi’an China Gao, 2015

Suzhou China Cao, 2017

Tianjin China Wang B. L., 2016

Taipei China Kam W. K., 2011

The majority of this research was conducted via on-site testing of PM at different places in the subway
stations, i.e. the station hall, carriages, etc (Cheng, 2012; Kim K. Y., 2008; Ruzmyn, 2015). Corresponding
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analysis was then conducted regarding the distribution and physicochemical properties of the PM2.5 in
each location. Lepeule et al.(Lepeule, 2012) measured the concentration of particles in six different cities
over a period of eight years in eastern America. Guo et al.(Guo, 2014) found that the concentration of
particles in the subway was much higher than in the outside environment. The factors in�uencing the
concentration and distribution of PM in subway stations include seasonal weather, time of day, tra�c
density, braking systems, ventilation systems, passenger density, depth, station design, being above
ground or underground, duration of station operation, location, piston effects, and outdoor tra�c (Guo,
2014; Ma, 2014; Aarnio, 2005; Boudia N, 2006, Cheng, 2012).

In China there are now thousands of kilometers of subway systems in large-and medium-sized cities
(Yang, 2018). In Beijing, over ten million people use the subway every day and spend an hour or more in
the underground. Increasing passengers �ow in subway transportation are making it increasing urgent to
investigate air quality issues in local stations. Unfortunately, very few studies focus on PM distribution
and its control in subways. Besides, the time discontinuous measurements in their results with few days
even few data in some studies make any of the proposed �ndings rather inconclusive (Adams, 2001;
Cheng, 2012; Mugica-Alvarez, 2012; Guo, 2014).

Despite the extent of the above-mentioned research, a number of problems remain regarding our
understanding of particulate pollution in subway stations. First, almost all of the research focuses solely
on the PM2.5 and PM10 characteristics, ignoring the effects of subway station control systems. An
exception, here, is He et al. (2018), from several years ago who studied the effects of different
environmental control systems. However, this research was conducted without consideration of the
outside conditions and was mainly focused on health risks, so important data was overlooked. At the
same time, the lack of clear comparison of different control systems in relation to different kinds of
particulate pollution means that there is not a comprehensive awareness of the impact different kinds of
control systems can have.

The environment control system is signi�cant for air quality at subway stations. Firstly, at the different
environment control systems, the fresh air volume for different locations such as platform, carriage and
so on is different. Secondly, it also represents that the supplied or required air parameters are different,
i.e., the air temperature. These two aspects are both mean that the concentration characteristics at
different environment control systems are different. Thirdly, different environment control systems also
mean the strategies for control to achieve the air quality demand are different. So clearing the
characteristics and the differences of PM2.5 and PM10 at different subway stations is meaningful for
future control strategy and equipment study.

1.3 Contribution and structure of the paper
This paper aims to �ll the research gaps mentioned above by comparing the characteristics of PM2.5 and
PM10 under different conditions at a number of different environmental control systems subway
stations, drawing upon newly measured data. We monitored levels of particulate matter in the subway
stations on three separate lines in Beijing, with different kinds of environmental control systems. The
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measurements at different locations in the stations were also collected under a range of different outside
conditions, enabling a much richer analysis of changing patterns of pollution. A further contribution of
the paper is its measurement and analysis of the particulate matter conditions in working areas. The
health impact of particulate matter for workers in subway stations is an important topic in its own right
and this is the �rst time such measurements have been made because these areas are typically not open
to public access.

The structure of this paper is as follows: First, in Sect. 2, it presented the methodology and introduce the
different environmental control systems, the monitored stations, the equipment and how to analyze the
data. The results of our measurements for different environmental control systems are presented and
discussed in Sect. 3. Section 4 provides the study limitation and the future work, and �nally, our overall
conclusions is presented in Sect. 5.

2 Background And Methodology

2.1 Monitored subway stations and measurement sites
Taking into consideration their environmental control systems and the outside conditions, stations on
subway lines 6 (green), 8 (yellow) and Yizhuang (red) in Beijing were selected for monitoring (see Fig. 2),
as the locations for these three lines are near, the outside condition is similar whichever it is. All the
stations on line 6 are closed environmental control systems. The overall length of the line is 42.8 km,
encompassing 26 stations. Six of these were selected for monitoring. Line 8 has a total of 35 stations
and a length of 45.6 km. Apart from Zhuxinzhuang station, which has an open system, all of the stations
have screen door systems. We tested nine stations on line 8. As Nanluoguxiang (NLGX) station is an
exchange station for lines 6 and 8. Yizhuang line has 14 stations and a length of 23.3 km. Only the
above-ground stations were monitored on the Yizhuang line, which are described in Sect. 3.3, to provide a
comparison with the underground stations.

Nanluoguxiang (NLGX), the exchange station for lines 6 and 8, is located at the junction of
Nanluoguxiang street and Dianmen East street. NLGX has an east-west orientation for both lines 6 and 8,
as shown in Fig. 3. The depth of lines 6 and 8 at NLGX is the same, but, for line 6, the station has a closed
environmental control system and, for line 8, it uses a screen door system. The platforms for both lines
allow boarding from both sides.

The measurement sites for all stations are shown in Fig. 4. The four measurement sites were tested
simultaneously, at a height of 1.5m. The distance from the screen door or safety door was also 1.5m,
while the distance from the side wall was 10m. The same measurement points were used on the
platforms at all of the other stations.

2.2 Measurement parameters and equipment
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The monitoring period was December 2016 to January 2017, with a few additional days in March 2017
when measurements in working areas were undertaken. For safety reasons, the measurements were only
able to take place during non-peak hours between 13:00 and 15:00. The main monitored parameters, both
inside and outside of the station, included the concentration of PM2.5 and PM10, the temperature and the
humidity, at different sites including the platform, the passenger hall, outside the station, carriages and
the work area. A portable Dusttrak II aerosol monitor (Model 8532, TSI, USA - see Fig. 5) was used to
monitor the concentrations of PM10 and PM2.5, the temperature, and the humidity, with ± 0.1%
resolution. This device incorporates data-logging and a light-scattering laser photometer for real-time
aerosol mass readings. The data logging interval was set at 1 minute. The test equipment was calibrated
before conducting the measurements (Song, 2019) and the testing had to take place following strict
instructions from the subway authorities.

2.4 Data analysis
Different countries have different evaluation standards for concentrations of PM2.5 and PM10. The
United States uses the Environmental Protection Agency (EPA) standard published in 2006. The Chinese
standard (GB3095-2012, 2012) divides the PM2.5 and PM10 concentration limits into two levels. The �rst
level is similar to the EPA standard, the second level is lower. In this study, we adopted the second level.
Thus, the mean daily concentration limit for PM2.5 was taken to be 75µg/m3 and 150 µg/m3 for PM10.

As is commonplace with studies of this nature, SPSS (the Statistical Package for Social Science) was
used to analyze the monitoring data, with a general linear model (GLM) being applied to examine the
potential effects of the particulate matter concentration in the subway. A general linear model, or
multivariate regression model, is a statistical linear model that can be written as follows:

where, Y is a matrix with a series of multivariate measurements relating to the dependent variables; X is a
matrix of observations regarding the independent variables; B is a matrix containing parameters that are
typically estimated; and U is a matrix that is used to capture errors. The errors are usually assumed to be
uncorrelated across the measurements and to follow a multivariate normal distribution. If the errors do
not follow a multivariate normal distribution, the assumptions about Y and U can be relaxed.

The relationship between PM10 and PM2.5 at different locations was principally tested using correlation
analysis. This form of analysis is a statistical approach that can be used to study the strength of a
relationship between two, numerically measured, continuous variables. Pearson's sample correlation
coe�cient was adopted as the calculation model, i.e.:

Y = XB + U (1)

ρ = (2)
E [X − E (X)] [Y − E(Y )]

√D (X)√D (Y )
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where, E and D are the mathematical expectation and variance, respectively. is the overall correlation
coe�cient and γ is the sample correlation coe�cient (Pearson's sample coe�cient). X and Y are random
variables, with  and  representing the observations. The results of applying this analytic approach are
described in Chap. 3.

3 Results And Discussion
As noted above, we monitored the concentration of PM2.5 and PM10 for both lines 6 and 8. By
comparing different stations, we wanted to identify the impact of different environmental control systems
on particulate matter concentration. The results should then be meaningful for future forecasts.

3.1 Platform particulate matter concentration for different
conditions
Figure 6 shows the platform concentration of PM2.5 and PM10 for closed systems (line 6) and screen
door systems (line 8) over a week. Six stations with similar passenger �ows (about 60) and train
frequencies per �ve minutes interval were selected for each line. Measurements for the two different
systems were made at the same time and an outside monitoring point was chosen at NLGX, which is
where the two lines cross. The measurements were taken at a non-peak time, from 13:00 to 15:00. The
values in Fig. 6 are the average values across all the measurement points shown in Fig. 5. The total
number of data is over 1000 including outside measurement.

Figure 6 shows that, no matter what the concentration outside or the date, the particle concentrations for
both PM2.5 and PM10 were higher for the closed system (line 6) than for the screen door system (line 8).
For the closed system, the highest concentration of PM2.5 was 415 µg/m3, while the lowest was 94
µg/m3. Both of these are higher than the standard (75 µg/m3). The highest concentration of PM2.5 for
the screen door system (line 8) reached 395 µg/m3 and the lowest value was 42 µg/m3 (below the
standard). The lowest concentration of PM10 for both systems was below the standard of 150 µg/m3.

The concentrations of PM2.5 and PM10 at platform in screen door system is lower than that in closed
system whatever the outside it is. This maybe caused by the piston wind which is related to control
system. The platforms on line 6 (with a closed system) are connected with the tunnel and the
concentration of the particles on the platform is signi�cantly affected by the piston wind caused by
trains, with particles in the tunnel being driven onto the platform by the piston wind. For screen door
systems (line 8), the platforms are almost completely isolated from the tunnel, the piston wind has little
effect. While for all other factors, including run time, passenger �ow, train frequency, measurement time

γ = (3)
∑n

i=1(xi−
−
x)(yi−

−
y)

√∑n
i=1 (xi−

−
x)

2
√∑n

i=1 (yi−
−
y)

2

ρ

xi yi
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and structure, the two lines are similar or the same. So, the environmental control system maybe the main
reason for this phenomenon.

Something else to notice about the above results is that, whatever the system, when the particle
concentration outside increased, the concentration on the platform increased as well, and vice versa.
Thus, the outdoor conditions have a signi�cant effect on subway stations. However, when the
concentration outside was very low, for instance on the 22nd and 23th, with a PM2.5 concentration of
just 14 µg/m3, the platform pollution was higher than it was outside, which contradicts the
measurements made on the 20th and 21st. This may have been caused by an accumulation of these
particles, as the subway is half-enclosed and the ventilation system is closed at night, preventing the
particles from being effectively removed.

To compare the impact of trains on platform particle concentration in relation to the different
environmental control systems, the three different kinds of system were monitored on line 6 (closed), line
8 (screen door) and at Zhuxinzhuang station (an open system at the end of line 6), before and after trains
had entered the station. The reason for choosing these stations was that they had a similar structure to
many other stations of their type. Thus, they could be considered representative of the majority of
stations in Beijing using the three different control systems. The changes in PM2.5 and PM10
concentrations on the platform are shown in Tables 2 and 3. The measurements were taken at the same
time for the three different systems, with the data being recorded one minute before the carriage door
opened and one minute after the door had closed, to test the impact of the air in the train on the platform.
Each state was monitored 30 times. The results are the average of the 30 measurements.

 
Table 2

Variations in PM2.5 and PM10 for the different systems as trains passed through the stations when the
outside conditions were good (µg/m3)

  Outside Closed system
(Dongdaqiao line
6)

Screen door system
(Anhuaqiao line 8)

Open system
(Zhuxinzhuang line
8)

  PM2.5 PM10 PM2.5 PM10 PM2.5 PM10 PM2.5 PM10

Before train
entered

62 68 102 103 81 91 56 62

After train
left

143 153 104 126 56 68

Percentage
increase

29% 33% 22% 28% 0% 9%
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Table 3
Variations in the PM for the different systems as trains passed through the stations when there was

heavy pollution outside (µg/m3)

  Outside Closed system
(Dongdaqiao line
6)

Screen door system
(Anhuaqiao line 8)

Open system
(Zhuxinzhuang line
8)

  PM2.5 PM10 PM2.5 PM10 PM2.5 PM10 PM2.5 PM10

Before train
entered

549 573 544 539 438 446 328 359

After train
left

535 524 444 448 337 366

Percentage
increase

-1.7% -2.8% 1.4% 0.4% 2.7% 1.9%

It can be seen in Table 2 that, when trains entered the stations and the outside conditions were good, the
concentration of PM2.5 and PM10 increased. Because the concentrations at platform is higher than in
tunnel, where is directly connected with outside. The percentage increase in PM2.5 for the closed system,
screen door system and open system was 29%, 22% and 0%, respectively. The percentage increase in
PM10 for each system was 33%, 28% and 9%, respectively. The percentage increase for the closed
system was the highest and lowest for open door system. However, when there was heavy pollution
outside, the trend was the opposite. As the pollution in tunnel is heavier than platform. The open system
had the highest percentage increase (1.7% and 1.9% for PM2.5 and PM10, respectively) while the lowest
increase was measured for the closed system (-1.7% and − 2.8% for PM 2.5 and PM10, respectively). The
screen door system was in the middle under both conditions (1.4% and 0.4% for PM2.5 and PM 10,
respectively, under the worst conditions).

In the case of an open system, the station is directly connected with the outside, so the outside
environment has an obvious effect upon it. Indeed, the effect of the outside environment is even greater
than the tunnel, because the changes outside are more pronounced. In the case of both closed and screen
door systems, they are chie�y affected by the inside environment. This includes both the tunnel and the
passenger hall. So, the �uctuations in the concentrations of PM2.5 and PM10 follow an opposite trend to
the open system.

3.2 Concentrations in the carriages
To understand how air�ow from the public areas in the screen door and open systems may affect the
concentration of particles in train carriages, we monitored inside trains running on line 8 (screen door
system) and the Yizhuang line (open system). The environment in carriage is similar at closed system
stations and screen door system, where are both controlled by HVAC system, so we only show the results
of screen door and open system. On line 8, six stations, including Guloudajie (GLDJ), Andelibeijie (ADL),
Anhuaqiao (AHQ), Beitucheng (BTC), Aoti center (ATC), and Olympic (ALPK) were monitored. On the
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Yihzuang line, seven stations were monitored, including Jiugong (JG), Yizhuangqiao (YZQ), Wenhuayuan
(WHY), Wanyuanjie (WYJ), Rongjing East street (RJD), Rongchuang East street (RCD) and Tongji South
Road (TJN). The data was recorded when the carriage was in the tunnel, entering the platform (slowing
down), stopped at the platform (doors open) and leaving the platform (accelerating). The measurements
were taken over a period of thirty minutes. The results are averaged across the 30 minutes.

Figure 7 shows the results for line 8 (screen door system) with two different outside conditions. When the
outside conditions were good, the average PM2.5 concentration was 18 µg/m3. The carriage PM2.5
concentration in all stations was higher than outside but lower than the standard (75 µg/m3). It can be
seen in Fig. 7(a) that the PM2.5 concentration generally increased slightly when the carriage doors
opened, but the increase was not signi�cant. When there was heavy pollution outside (549 µg/m3) in
Fig.7(b), the carriage levels in all stations, a minimum of 215 µg/m3 when the doors were open at ALPK
and a maximum of 292 µg/m3 when the train was accelerating at ADL, were lower than outside, but still
much higher than the standard (75µg/m3). Unlike when the outside conditions were good, when the
carriage doors opened, there was an obvious decrease in the PM2.5 concentration in most stations. This
may have been caused by the movement of air between inside the carriage and the platform, with
changes in the passengers and pressure adding to the phenomenon.

Figure 8 shows the results for an open system (the Yizhuang line). Here, the patterns of PM2.5
concentration were the opposite of those for a screen door system (line 8). While the train was running,
the concentration generally decreased when the outside conditions were good (around 77 µg/m3) in
Fig. 8(a), but the concentration increased when there was heavy pollution outside (630 µg/m3). In an
open system, the platform and tunnel are directly connected with the outside environment, so the
concentration of particles in the carriages is signi�cantly affected by external pollution. While the train is
running, the in�ltration is continuous, so there is an obvious increase or decrease in keeping with the
conditions outside.

Comparing the results in Figs. 7 and 8, the results showed that no matter what the outside it is, the
pollution in carriage is heavier for open system than that of screen system, especially when the outside is
heavy polluted, the values for open system is much higher than that of screen system. This is caused by
the difference of environment control system. As carriage at open system is directly connected with
tunnel, and tunnel is directly connected with outside through air shaft. While the carriage at screen door
system is connected with tunnel through HVAC system, which could �lter the pollution in the tunnel.

3.3 Working area concentrations
The work areas were almost totally located underground, which is closed off from the outside and the
environment is controlled by HVAC system for all different control system at subway stations. The work
areas in a subway station with a screen door system were monitored to assess the PM2.5 pollution
conditions affecting station staff. The results are shown in Fig. 9. The station used an air conditioning
system in the work areas and the outside conditions were good during our measurements, with PM2.5
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concentration of 54 µg/m3. It can be seen in Fig. 9, that the corridor had the highest concentration (105
µg/m3), and most rooms at working areas is heavier polluted than outside. The staff remain for long
periods in the work areas, so the quality of the environment has an important impact on their health.
Combined with the results showed in Fig. 9, though the research undertaken here was preliminary and
rather constrained as a result of subway regulations, but we strongly advocate the regular inclusion of
work areas in future studies of this kind.

3.4 The ratio of PM2.5 to PM10 at carriage
The higher of ratio of PM2.5 to PM10 at carriage, the higher risk to passenger. The PM2.5 to PM10 ratio
for different environmental control systems was also calculated and analyzed across when the outside
condition was good. The results are shown in Table 4. The outside PM2.5 and PM10 were 34 µg/m3 and
37 µg/m3. The highest ratio was outside, at 91.89%. This was followed by the closed system and open
system, respectively, at 91% and 90%. The lowest was for the screen door, at 83.84%. This result also
reveals that environment in screen door is better than others, as the environment is almost related to air
control system, the effects by outside and tunnel is the least. While the open system is directly related to
outdoor environment, the outside environment has the highest in�uence.

 
Table 4

The PM2.5 to PM10 ratio for different environmental control systems (µg/m3)

  Outside Screen door system Closed system Open system

PM2.5 34 83 91 36

PM10 37 99 100 40

PM2.5/ PM10 91.89% 83.84% 91% 90%

3.5 Correlation analysis at platform
As discussed in Sect. 2.4, a correlation analysis was undertaken between the results for the three
representative stations mentioned in Sect. 3.2 and outside conditions using the data in Sect. 3.2. The
results show that the correlation in different systems is all obvious, as the signi�cant values are less 0.02,
near 0. The PM2.5 linear regression equation for the closed systems was Y = 0.622X + 91.093. For the
screen door systems, it was Y = 0.602X + 41.534. For the open systems it was Y = 0.895X + 0.522. The
PM10 linear regression equation was Y = 0.641X + 123.335 for the closed systems, Y = 0.708X + 46.103
for the screen door systems and Y = 0.902X-7.000 for the open systems. The range for the revised R2 was
0.697–0.981. As this is approaching 1, it suggests that, regardless of the environmental control system,
PM2.5 and PM10 concentrations in subway stations have a strong correlation with the outside
conditions. The variable coe�cients in the equations represent the degree of variation. The variable
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coe�cients for the open system were the highest (0.895 for PM2.5 and 0.902 for PM10). This means that
the open system is the most easily affected by the outside conditions.

 
Table 5

Correlation analysis for PM levels inside and outside subway stations with different environmental
control systems

Station PM Equations R Revised R2 Sig.

Closed system

(Dongdaqiao)

PM2.5 Y = 0.622X + 91.093 0.880 0.742 0.020

PM10 Y = 0.641X + 123.335 0.992 0.981 0.000

Screen door system (Anhuaqiao) PM2.5 Y = 0.602X + 41.534 0.940 0.866 0.000

PM10 Y = 0.708X + 46.103 0.991 0.980 0.000

Open system (Zhuxinzhuang) PM2.5 Y = 0.895X + 0.522 0.857 0.697 0.003

PM10 Y = 0.902X-7.000 0.963 0.916 0.000

4 Limitations
Limited by measurement conditions, as the measurement is very di�cult considering the measured
people’s safety, passengers’ convenience and requirement from subway company, the number of data is
not big. Especially for working areas, where is forbidden except workers, the data is small, only one
station. For future study, longtime measurement at different stations and locations is need for more
situation studies. However, the existed data are statistically signi�cant to show the general concentration
characteristics of PM2.5 and PM10 at different environment control systems as different location. In
these systems, the values of PM2.5 and PM10 are analyzed and the comparison are conducted under
different outside conditions.

The differences of station structure such as length, width, and depth, the passengers’ �ow and the
operation frequency are not considered in this study. As the objective for this paper is to study the
in�uence of environment control system, to reduce these factors’ effects, the measurement is conducted
at one line or similar stations where the subway length and depth are near, and the measurement time is
non-peak period, when the passengers’ �ow and the operation frequency are similar. And method in this
paper could be co-opted and the results could be reference for future deeper and boarder measurement
studies.

5 Conclusions
This paper has presented the results of the monitoring and analysis of PM2.5 and PM10 concentrations
in subway stations with different environmental control systems in Beijing, China. SPSS was used to
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analyze potential correlations between particulate matter concentrations. The particle characteristics at
subway stations with three different control systems were �rst studied and compared at different
locations, such as on the platforms and in the carriages. In addition, the working areas in a closed system
were measured for the �rst time in such a study. The ratios of PM2.5/PM10 at different stations and the
correlations between stations with different systems and the outside were analyzed and compared. The
main conclusions were as follows:

When trains entered the station under good outside conditions (PM2.5 was 62 µg/m3), the PM2.5
and PM10 concentrations both increased. The percentage increase for closed systems was the
highest, at 29% and 33%, respectively, while the open system had the lowest increase at 0% and 9%.
However, when there was heavy pollution outside, the trend was the opposite.

When the outside conditions were good (PM2.5 was 18 µg/m3), the PM2.5 concentration in carriages
in all stations was higher than it was outside. When there was heavy pollution outside (PM2.5 was
549 µg/m3), the carriage concentrations were lower than outside.

The results showed that no matter what the outside it is, the pollution in carriage is heavier for open
system than that of screen system, especially when the outside is heavily polluted.

The PM2.5 to PM10 ratio was highest outside, at 91.89%. This was followed by the closed system,
then the open system. While the screen door system ratio was 83.84%, which reveals that the particle
content is different.

Correlation analysis between inside and outside the subway stations showed that, regardless of the
kind of environmental control system, the PM2.5 and PM10 concentrations at subway platform have
a strong correlation with the outside conditions.

But there are also limitations, i.e., more measurements are required in the future to build upon this work,
including a wider range of measurements in working areas in stations with different environmental
control systems. The ongoing assembly of this kind of data will help to drive future monitoring for the
greater bene�t of public health in evolving transport systems in urban areas around the world.
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Figures

Figure 1

Different environmental control systems (the red circles indicate how the closed system allows air to pass
between the tunnel and the platform, while the screen door system keeps the two areas sealed off from
one another)
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Figure 2

Monitored subway lines in Beijing: line 6 (green); line 8 (yellow); and Yizhuang (red)

Figure 3
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Schematic of Lines 6 and 8 at NLGX station

Figure 4

Schematic of the measurement points on the platforms (screen door system, with similar points being
used in all stations)

Figure 5

TSI 8532 monitoring device
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Figure 6

Platform measurement results for closed systems and screen door systems: top - PM2.5 concentrations;
bottom - PM10 concentrations
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Figure 7

PM2.5 concentration in the carriages for a screen door system
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Figure 8

PM2.5 concentration in the carriages for an open system
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Figure 9

PM2.5 concentrations in the various work areas


