
Introduction

With the growing demand of green and efficient 
urban transportation, subway systems, by reducing 

gasoline consumption and providing rapid and 
affordable transportation, have been rapidly developed 
in last decades. The number of subway riders in 
metropolitan cities has continuously increased over 
recent years. Subway system is carrying the largest 
commuters daily in urban metropolises around  
the world [1-2]. By 2019, more than 50 countries and 
160 cities worldwide have subway systems, which have 

Pol. J. Environ. Stud. Vol. 31, No. 6 (2022), 5895-5903

	  		   			    		   		  Original Research              

Spatio-Temporal Distribution of Particulate Matter 
(PM10 and PM2.5) Concentrations in Urban Subway 

Station – A Case of Nanning in China
        

Fenghong Wu1*#, Yan Chi2#, Feng Zhou3 
 

1Department of Public Health, Nanning Center for Disease Control and Prevention, Nanning,  China
2Center for Reproductive Medicine and Genetics, People’s Hospital of Guangxi Zhuang Autonomous Region, 

Nanning, China
3Construction Branch, Nanning Rail Transit Group, Nanning, China

Received: 22 March 2022
Accepted: 27 July 2022

Abstract

Particulate matter is one of the primary air pollutants in urban subway stations. Characteristics 
of particulate matter concentration is specific due to the heterogeneity of subway system in each city. 
The spatio-temporal distribution of particulate matter (PM10 and PM2.5) concentrations in a typical 
urban subway station of Nanning city was analyzed. PM10 and PM2.5 concentrations of winter were both 
significantly higher than those of spring, summer and autumn (P<0.001). PM10 and PM2.5 concentrations 
of station were significantly higher than those of the ground control (P<0.001). PM10 and PM2.5 
concentrations of ticket office were significantly higher than those of platform, security checkpoint and 
passageway (P<0.001). PM10 and PM2.5 levels of station during the rush hour were significantly higher 
than those during the non-rush hour (P<0.001). There is a positive correlation between PM (PM10 and 
PM2.5) levels and passenger flow of station. The results indicated that the spatio-temporal distribution of 
PM (PM10 and PM2.5) level may be ascribed to seasonal factor, passenger flow, and layout structure of 
station respectively. The findings of this study therefore make them possible to be the part of preliminary 
foundation of subway-related standards improvement for airborne particulate matter in the future.
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over 15000 km mileage in operation and transport about 
68 billion riders per year [3]. According to the Statistics 
and Analysis Report of Urban Rail Transit of China [4], 
By the end of 2019, there are 40 cities in China have 
subway systems, which have over 5000 km mileage  
in operation and transport about 23 billion riders 
per year. From 2013 to 2019, China's annual average 
investment in transportation infrastructure stands 
at more than 280 billion dollars. Local governments 
and urban planners have realized the importance of 
rail transit system such as subway in improving air 
quality and traffic conditions. At present, China is the 
country with the longest operating mileage and the 
largest commuters of subway in the world. Although 
the high efficiency, green transport, safety and large-
scaled passenger capacity brought by subway system, 
one environmental health risk was observed that air 
pollutants may accumulate in confined space of subway 
station. There have been reports that the concentrations 
of air pollutants in underground station are higher than 
the outside ambient levels [5-7]. Subway station is a 
confined space that promotes the air pollutants entering 
from the outside atmosphere in addition to those 
generated inside. The growing body of literature has 
reported that various air pollutants were observed in 
subway stations and detected exceeding the stipulated 
standards [8-14]. As high ridership volumes are confined 
in such enclosed spaces, passengers who were exposed 
to these air pollutants may suffer health risks such as 
pulmonary dysfunction [15], cardiovascular diseases 
and cancer. This has become of a particular public 
concern [16-18]. 

Airborne particulate matter has been identified as 
one of the primary air pollutant in the subway station 
[19-21]. Particulate matter levels were reported in 
subway systems of many other countries and cities 
like Mexico, Milan and Barcelona [22-25]. Very high 
levels of particulates matter were reported in London  
and Stockholm’s subway stations, which were 
even 30~40 times higher than the reference limits 
recommended by World Health Organization [26-27]. 
Furthermore, studies also proposed that the constituents 
of subway particulate, including heavy metals such 
as Manganese, Chromium, Nickel, and Cuprum [28-
31], can induce negative health effects like oxidative 
stress in lung tissues, gene toxicity, excess cancer 
mortality and endocrine diseases on human bodies [32-
34]. A previous study also demonstrated that subway 
particulate was approximately 8 times more genotoxic 
than street particulate and induced 4 times oxidative 
stress in cultured human lung cells [35]. Despite time 
spent in subway was comparatively short, a rough 
estimate of an important part of exposure caused by 
commuting via subway preliminary indicated that the 
exposure to particulate matter increased a lot [36].

Generally, subway particulate exposure is specific 
due to the heterogeneity of subway system in each 
city. Field study should be taken into account so that 
more specific data could be produced regarding local  

subway-related exposure. Nanning, a regional 
center and an opening city that plays key role in the 
communication between China and Southeast Asia, is 
the city with a population of more than eight million 
people in southern China. At the end of 2020, there are 
5 subway lines and 104 subway stations in Nanning and 
the total mileage of the subway Network in operation 
was 128 km. It is estimated that the Nanning subway 
system carries over 270 million passengers per year. 
The objective of this study was to investigate the 
distributions of airborne particulate matter (PM10 
and PM2.5) concentrations in typical urban subway 
station, a case of urban subway station in Nanning, 
and to improve the information of field study about the 
particulate matter of subway station that can be used 
to help define the ideal or optimum environment of 
urban subway station. The findings are expected to help 
step towards healthy subway and facilitate sustainable 
operation of subway in future.

Materials and Methods  

Sampling Site

We selected six underground stations from 
two subway lines for monitoring. To ensure the 
representativeness of typical urban station, all of the 
chosen stations locate in downtown area and main 
residential areas. The stations are equipped with the 
central mechanical ventilation system. In each station, 
we selected four passenger activity areas included 
passageway, ticket office, security checkpoint and 
platform as sampling sites because of these sites are 
the necessary path nodes for passengers. According  
to the national standard of the Examination methods  
for public places-Part 2: Chemical pollutant (GB/T 
18204.2-2013), the sampling points at these areas located 
at a height of 1.5 meters were selected to avoid air 
inlets and outlets from the ventilation and air condition 
facilities and minimize inconvenience to passengers. 
Each sampling point was required with an air monitoring 
area over 1000 m2. In addition, ground control sampling 
site was situated about 10 meters adjacent to the ground 
entrance of each station for the comparative assessment 
of indoor subway pollution levels. 

Sampling Methods 

This study was performed from April 2019 to 
January 2020. The measurement was carried out during 
four seasons included winter (monitoring in January 
2020), spring (monitoring in April 2019), summer 
(monitoring in August 2019) and autumn (monitoring 
in November 2019). The monitoring was implemented 
three times a day for three consecutive workdays during 
each season (corresponding month). We selected three 
sampling time periods on each workday consisted 
of morning rush hour (7:00-8:00), non-rush hour 
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(10:00-11:00), and evening rush hour (18:00-19:00) 
for comparing the results of rush hours and non-rush 
hours. Mass concentration of PM2.5 and PM10 were 
recorded simultaneously at each time. In addition, the 
relationship between PM levels and passenger flow was 
analyzed in this study. 

PM2.5 and PM10 were sampled and measured by PM 
sampler Dust-Trak 8532 Aerosol Detector (TSI, USA). 
Its detection sensitivity was 1µg/m3. The instrument 
combines the function of photometer and optical particle 
counter. All instruments were seriously zero-calibrated 
before each measurement. Sampling flow rate was set 
at 3.0L/min. The instruments were fixed on tripods 
measuring 1.5 meters in height, which corresponded to 
the breathing zone of people. The instruments were kept 
off the places with strong air current, such as air inlets 
and outlets of the ventilation and air condition facilities, 
and kept at least 1 meter away from walls. During 
sampling time periods of each day, the measurement 
was carried out in the time of 7:00-8:00, 10:00-11:00 
and 18:00-19:00 respectively. Mass concentration of 
PM10 and PM2.5 were recorded at the same time. The 
data was transferred to a computer after measurement 
and dealt with using statistical software such as SPSS.

Statistical Analysis

Based on the normal distribution of PM 
concentration (p>0.05) by Shapiro-Wilk Statistical test, 
mean value was used to describe the average value. 
All the data was shown in mean±standard deviation 
(SD). Consequently, mean values are employed for 
comparison with PM concentrations in different 
sampling sites and time periods. SPSS version 16.0 
(SPSS Inc., Chicago) was applied for the statistical 
analysis. Different mass concentration of PM among 
sampling sites and time periods were analyzed for 
their statistical significance by One-way ANOVA 
and Student-Newman-Keuls multiple comparison. To 
evaluate the relationship between PM concentrations 
and passenger flow, Bivariate correlations analysis 
(Pearson’s correlation coefficient test) was performed.  
A significance level of p value as 0.05 was used.

Results and Discussion

PM Concentrations in Different Seasons

There are significant differences in the concentration 
levels of PM10 and PM2.5 among different seasons. 
As seen in Table 1, as for station, PM10 and PM2.5 
concentrations of winter were both significantly higher 
than those of spring, summer and autumn (P<0.001). 
Additionally, as for ground control, PM10 and PM2.5 
concentrations of winter were also significantly higher 
than those of spring, summer and autumn (P<0.001).

PM Concentrations at Different Time Periods

Three different time periods consisted of morning 
rush hour (7:00-8:00), non-rush hour (10:00-11:00), and 
evening rush hour (18:00-19:00) during three consecutive 
work days for monitoring. As seen in Table 2,  
PM10 concentration in the evening rush hour was 
significantly higher than those in the morning rush hour 
and non-rush hour (P<0.001). PM2.5 concentrations in the 
rush hour (morning and evening) were all significantly 
higher than that in the non-rush hour (P<0.001). PM10 
and PM2.5 concentrations of ground control varied with 
different measuring time but did not appear significant 
difference (P>0.05). 

PM Concentrations in Different Sites 
of Station

 In this study, four sites of each station included 
passageway, ticket office, security checkpoint, platform 
and ground control of outdoor environment were 
monitored for PM10 and PM2.5 concentrations. As seen 
in Fig. 1, PM10 and PM2.5 concentrations of passageway, 
ticket office, security checkpoint and platform were 
all significantly higher than those of the ground 
control (P<0.001). As for the comparison with PM 
concentrations among different sites of internal station, 
we found that PM10 and PM2.5 concentrations of ticket 
office were significantly higher than those of platform, 
security checkpoint and passageway (P<0.001).

Seasons
Station Ground control

PM2.5 (µg/m3) PM10 (µg/m3) PM2.5 (µg/m3) PM10 (µg/m3)

Winter (January) 81±12 184±19 59±8 143±10

Spring (April) 77±8 160±17 52±5 106±9

Summer (August) 74±10 164±18 54±8 110±10

Autumn (November) 75±8 179±18 51±6 127±8

P-value <0.001 <0.001 <0.001 <0.001

a The comparison by use of One-way ANOVA and Student-Newman-Keuls multiple comparison. 

Table 1.  PM concentrations in different seasonsa
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Relationship between PM levels 
and passenger flow

Passenger flow data of morning rush hour  
(7:00-8:00), non-rush hour (10:00-11:00) and evening 
rush hour (18:00-19:00) was obtained from station 
ticket system. Relationship between particulate matter 
concentrations and passenger flow was explored in this 
study. As seen in table 3, the results showed that the 
correlation coefficient (r) between particulate matter 
concentration and passenger flow was statistically 
significant (P< 0.001). As shown in Fig. 2, there is a 
positive correlation between particulate matter (PM10 
and PM2.5) levels and passenger flow of station.

In this study, the average concentrations of PM10 
and PM2.5 of station were about three times higher than 
those of air quality standard recommended by WHO 
guideline (50 µg/m3 for PM10, 25 µg/m3 for PM2.5). 
Although passengers are exposed to subway station 
environment for a short time, the exposure may induce 
harmful or dissatisfactory effects on their health.  
The exposure to particulate matter in subway station 
has become of a health concern.

PM10 and PM2.5 concentrations varied with different 
seasons was observed in this study. PM10 and PM2.5 
concentrations of winter were significantly higher than 
those of spring, summer and autumn. This seasonal 
concentration variation may be related to atmospheric 
pollution that is more common in winter [37-38]. 
In this study, we also observed that PM10 and PM2.5 
concentrations of ground environment in winter were 
higher than those in other seasons. Subway stations 
are generally connected with the external atmospheric 

Fig. 1. PM concentrations in different sites of station (Note: The comparison by use of One-way ANOVA and Student-Newman-Keuls 
multiple comparison.  Significant P-value0.001, compared to ground comtrol value; Significant P-value0.001, compared to all 
other four sites (ground comtrol, passageway, security checkpoint and platform) value.)

Time periods
Station Ground control

PM2.5 (µg/m3) PM10 (µg/m3) PM2.5 (µg/m3) PM10 (µg/m3)

non-rush hour 71±8 164±19 52±7 120±18

morning rush hour 77±9 170±19 53±8 118±17

evening rush hour 82±9 181±20 56±8 125±17

P-value <0.001 <0.001 0.087 0.066

a The comparison by use of One-way ANOVA andStudent-Newman-Keulsmultiple comparison.

Table 2. PM concentrations at three different time periods a.

  Monitoring 
indicators

Correlation 
coefficient (r) P-value

PM10 0.801 <0.001

PM2.5 0.713 <0.001
a The correlation coefficient between PM levels and 
passenger flow was calculated by use of Bivariate 
correlations analysis (Pearson’s correlation coefficient test)

Table 3. Correlation coefficient between PM levels and passenger 
flow a.
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environment through the entrance and exit of the 
station, fresh air pavilion and other channels. During a 
large time scale such as seasons, atmospheric particles 
to some extent could apparently affect the concentration 
of particulate matter in the station. 

In this study, PM10 and PM2.5 concentrations of station 
in the rush hour were significantly higher than that in 
the non-rush hour. Particulate matter concentration 
varied with different time period has also been reported 
in other city subway stations [39-40]. The reason for 
this temporal distribution is probably related to the 
passenger flow. The correlation between particulate 
matter concentration and passenger flow was analyzed 
in the current study. The results showed that both PM10 
and PM2.5 concentrations were positively correlated 
with passenger flow, and the correlation was statistically 
significant. The passenger flow may be a influence factor 
of particulate matter concentration in station. Subway 
station is an underground confined space environment 
with lacking of natural ventilation. Such architecture 
feature would promote the air pollutants entering from 
the outside atmosphere in addition to those generated 
inside when the passenger flow increased significantly. 
Activities of subway passenger can also induce re-
suspension of particles in addition to carrying particles 
into the station from the outside atmosphere [41-42]. 
Some studies have revealed that human activities can 
lead to the secondary suspension of particles, which was 
considered as an important source related to airborne 
particle concentration of indoor environment [43-44]. 
In addition, the result of ground control showed that 
PM10 and PM2.5 concentrations of outside station did 
not display significant difference among different time 
periods of a day. This may suggest that the fluctuation of 
particulate matter concentration of internal station had 
little correlation with the air quality of outside station 
during a small time scale of a day. The present study 

in Nanning provided specific data to indicate that not 
like the effects of seasonal concentration variation of 
atmospheric particle, atmospheric particle concentration 
in a day does not seem to influence the temporal 
fluctuation of concentration of station significantly. 
There is a variation when comparing current results 
with those of other city subway systems [45]. This 
may due to the heterogeneity of subway system in each 
city, such as the differences in design of the stations, 
the system age, the passenger density, the ventilation 
systems, and other factors.

In this study, the particulate matter concentrations 
in subway station displayed a spatial distribution. 
The PM10 and PM2.5 concentrations of station were 
significantly higher than that of the ground control. 
Several studies have also shown that the particulate 
matter concentration of internal station is generally 
higher than that of outdoor environment [46-47]. This 
may be attributed to the underground confined space 
environment of subway station. Particularly, high 
passenger volume and lacking of natural ventilation in 
this confined space could aggravate the accumulation of 
particulate matter. 

Among the four monitoring sites of internal station, 
the particulate matter concentration of ticket office 
area was the highest, followed by that of platform. 
Particulate matter concentrations of passageway and 
security checkpoint were similar and lowest. The 
reason for this spatial distribution is probably related 
to the layout structure of subway station. Ticket office 
installed with ticket vending machine was set at both 
two ends of station hall. Many passengers gathered here 
to buy tickets. The fresh air outlets of the ventilation 
and air condition system are distributed at the middle 
of the station hall’s ceiling. The position of ticket office 
is far away from fresh air outlets. Consequently, the 
relative small volume of fresh air flow with low velocity 

Fig. 2. Correlation between particulate matter (PM10 and PM2.5) concentration and passenger flow.
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may not purify the air effectively, which may result in 
the high level of particulate matter [48]. The platform 
is where passengers get on and off the subway train. 
Due to the abrasion and wear of rail tracks and wheels 
caused by the passage of the trains as well as to the 
braking system, the train tunnel outside the screen door 
of the platform is a source of particulate matter in the 
station. Because of piston wind effect, particulate matter 
generated from tunnel can be brought into the platform 
area when the trains passing through the platform [49]. 
This may increase the particulate matter level of the 
platform. A study in Seoul subway station showed that 
the highest concentrations of airborne PM10 and PM2.5 
were observed in platform. Another study in Shanghai 
subway station also showed that the PM10 concentrations 
of platform were significantly higher than that of station 
hall. The position of security checkpoint is in the 
middle of station hall close to fresh air outlets. Due to 
high volume of fresh air flow in this region, the fresh 
air flow can purify the air effectively, and therefore 
this region has relative low level of particulate matter. 
The passageway is close to the entrance and exit of the 
station, and is the transition region between external 
ground environment and internal station. The relative 
low particulate matter concentrations of passageway 
may be attributed to natural ventilation that generated 
by air convection from external ground.

As for passenger related activity areas of subway 
station, the spatial distribution of airborne particulate 
matter concentrations occurred in different areas 
of station was also reported by other studies. In the 
current study, we investigated airborne particulate 
matter concentrations of passenger activity areas such 
as passageway, ticket office, security checkpoint and 
platform in more detail because of these areas are the 
necessary path nodes and important places of particle 
exposure for passengers in subway station. We found 
that ticket office area and platform have relative high 
level of particulate matter while relative low level of 
particulate matter was found in passageway and security 
checkpoint areas. If we compare these results with 
previous other studies measuring the concentrations of 
particulate matter, there is a variation among respective 
results. This could be explained by differences in the 
monitoring conditions such as measurement place, time, 
and layout structure of subway station, air filter unit 
efficiency and the year of construction of each subway 
station. In addition, seasonal condition s may not be 
excluded. 

As for airborne particulate matter, although many 
countries and regions have established their own 
standards or guidelines so as to protect public health, 
these standards are more applicable to outdoor ambient 
air above ground and plays limited role in assessing 
environment of urban subway station. There is a great 
vacancy in urban subway station standards for airborne 
particulate matter. Meanwhile, several defects were 
found in the current standards related to subway station, 
such as incomplete information and poor pertinence to 

subway station environment. Despite of some similarity 
with outdoor ambient particulate matter exposure, 
subway station shows quite a difference in passengers 
exposure during their subway commuting. The standards 
regarding ambient air quality above ground are hardly 
to serve as reference for the situations of subway 
station. Comparing with above ground environment, 
some factors such as underground confined space 
environment, varied passenger flow related to specific 
time periods, layout structure of station, and seasonal 
condition could bring about the heterogeneity of subway 
station in respect of particulate matter and other 
substances exposure. Additionally, differences between 
subway and aboveground particle concentration, 
composition and size distribution further limit the value 
of comparisons to outdoor particulate matter guidelines. 
Therefore, field studies are commonly deployed for 
characterization of subway stations. Data obtained from 
these field studies could then serve for the evaluation 
of subway station. The meanings of present study, as 
a case of field study, was providing more specific data 
about spatio-temporal distribution to evaluate subway 
particulate matter exposure and helping to establish or 
revise the standards related to subway in the future. 
While in the field of subway environment research, 
there will be more demand for field studies to create 
more abundant data. In addition, more field studies,  
in a wide range of cities, are also needed.

Conclusions

With the aim to contribute to a healthy subway 
environment, field studies conducted in subway 
stations are needed. As the first step to investigate 
the characteristics of PM in urban subway station, the 
present field study draws attention to the spatio-temporal 
distribution of particulate matter (PM10 and PM2.5) in the 
stations. We have monitored the concentration of PM10 
and PM2.5 in different places of station during different 
time periods and seasons. The results of the current 
study provided specific data of particulate matter 
levels in typical urban subway stations of Nanning 
city. The findings revealed that seasonal variation of 
atmospheric particle concentration could apparently 
affect the particulate matter concentration of station. 
In addition, there is a positive correlation between PM 
(PM10 and PM2.5) levels and passenger flow of subway 
station. Passenger flow is the important factor affecting 
the PM (PM10 and PM2.5) level of subway station. The 
temporal and spatial distribution of particulate matter 
(PM10 and PM2.5) level may be ascribed to seasonal 
factor, passenger flow and layout structure of station 
respectively. 

These results would help us to better understand 
particulate matter exposure and its related influence 
factors in subway station. The findings therefore make 
them possible to be the part of preliminary foundation 
of subway-related standards establishment and revision. 
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In fact, at present, only a few countries and regions 
worldwide have established standards for subway 
particulate matter exposure. Although many other 
countries and regions such as United State and China 
mainland has promulgated some standards related to 
particulate matter for atmospheric environment, the 
relevant standards can hardly match with the variability 
of the subway station. Therefore, more specific data of 
subway came from field study needs to be collected 
and analyzed. Moreover, the present study could be 
used as reference to take effective policy measures. 
The findings of this study could remind the public 
to emphasize the issues of urban subway station 
environment. Based on this study, it is recommended to 
adopt some protective solutions to reduce health risks of 
subway station environments. For instance, passengers 
should raise self-protection awareness, such as wearing 
particle-proof masks. Subway managers should pay 
more attention to the health of station staff. Besides, 
the plan to control subway particulate matter pollution 
is required, such as utilizing high-efficiency air filter 
units, optimizing structure design of subway station, 
strengthening the management of passenger flow, and 
so on. Finally, this study provided specific data of 
spatio-temporal distribution of particulate matter (PM10 
and PM2.5) in typical urban subway station. However, 
more details related to particulate matter of subway 
station should be further studied, and more steps should 
be taken to reduce particulate exposure and improve air 
quality of subway station so as to build a healthy and 
friendly environment and ensure the health for subway 
passengers.
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