
ABSTRACT A study on monitoring PM2.5 concentrations at an underground subway 
station using light scattering and beta attenuation methods was conducted. Six optical 
particle counters (OPCs), which were representative of the light scattering method and 
had 16 size channels, were installed at different sampling sites in the waiting room and 
platforms to compare PM2.5 concentrations, determine PM2.5 /PM10 ratios, and character-
ize the size distribution based on particle number. In terms of the beta attenuation 
method, a beta-ray attenuation monitor (BAM) was set up at the platform to compare it 
with OPCs for one month. It was found that 1h-average PM2.5 concentrations varied at 
different sampling sites depending on PM composition, while 24h-average PM2.5 concen-
trations were independent of the sampling sites. There was a significant difference 
between the means of 1h-average PM2.5 concentrations observed by the BAM and OPC 
when PM2.5 contributed to less than 50% or higher than 80% of PM10. In contrast, the 
24h-average PM2.5 concentrations observed by the BAM and OPC showed the same pat-
terns as each other with an insignificant difference. Therefore, an OPC can be used to 
monitor the 24h-average PM2.5 concentration in an underground subway station. How-
ever, the use of OPC to measure the 1h-average PM2.5 concentration should consider PM 
composition and other factors. In addition, more frequent calibration is needed on a regu-
lar basis.
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1. INTRODUCTION

Subway systems have been widely used in megacities with complex transporta-
tion systems for millions of passengers per day to reduce the stress of traffic jams 

(Lee et al., 2016; Yan et al., 2015). Particulate matter (PM) in metro subway stations 

(so-called subway PM) has been found to reveal different characteristics compared 
to ambient PM (Grass et al., 2010). In particular, subway PM comprises polycyclic 
aromatic hydrocarbons (PAHs) and an abundance of metals such as Fe, Mn, and Cr 
with their oxides, which can cause adverse health effects, such as DNA damage, oxi-
dative stress in cultured lung cells, or even cancer (Yan et al., 2015; Colombi et al., 
2013; Mugica-Álvarez et al., 2012; Grass et al., 2010; Kang et al., 2008). Therefore, 
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PM in subway stations has been well measured and mon-
itored (Son et al., 2021; Lee et al., 2018; Reche et al., 
2017; Lee et al., 2016; Byeon et al., 2015; Yan et al., 2015; 
Park et al., 2014; Colombi et al., 2013; Jung et al., 2012; 
Kim et al., 2012; Midander et al., 2012; Mugica-Álvarez 
et al., 2012; Grass et al., 2010; Kang et al., 2008; Kim et 
al., 2008; Salma et al., 2007; Seaton, 2005; Johansson 
and Johansson, 2003). For continuous PM monitoring 
in subway systems, optical particle counters (OPCs) and 
beta-attenuation monitors (BAMs) have been widely 
applied (Reche et al., 2017; Lee et al., 2016; Yan et al., 
2015; Park et al., 2014; Colombi et al., 2013; Son et al., 
2013; Midander et al., 2012). An OPC is a spectrometer 
based on the light scattering principle. The number of 
particles can be determined by the frequency of the scat-
tered light and the size of a particle can be evaluated 
based on the intensity of the scattered light (Denker and 
Shklovsky, 2013). The BAM was developed to measure 
the mass concentration of PM based on the gravimetric 
method and the beta-ray attenuation technique (Shukla 
and Aggarwal, 2022). The gravimetric method is a pri-
mary standard for measuring the mass concentration  
of PM (US EPA, 2016). In this method, PM is captured 
by a filter coupled with a low- or high-volume sampler; 
then, the mass of PM deposited on the filter is checked 
using the gravimetric method. A beta-ray is a collection of 
beta particles that are high-energy electrons or positrons 
emitted from a beta particle source (Shukla and Aggar- 
wal, 2022). Due to this characteristic, beta-rays can be 
absorbed or reflected or can penetrate a material; there-
fore, beta-ray are applied to determine the thickness or 
mass of a material based on the attenuation of beta-ray 
intensity after passing the material (Shukla and Aggarwal, 
2022). Hence, the beta-ray can be used to estimate the 
mass of PM deposited on a filter called a BAM, instead 
of using the gravimetric method (Shukla and Aggarwal, 
2022). A BAM reveals a higher measurement accuracy 
than that of an OPC in terms of PM mass. However, a 
BAM needs a longer sampling time (i.e., a few minutes to 

1 hour) to measure the PM than an OPC (i.e., 6 sec-
onds) because it takes time for PM to accumulate on a 
filter. Thus, the BAM cannot provide real-time measure-
ment data. Furthermore, the BAM cannot measure vari-
ous PM sizes, unlike the OPC, which may measure parti-
cles from 0.1 µm to 30 µm, depending on the type of 
OPC (Shukla and Aggarwal, 2022; Burkart et al., 2010). 
The price of a BAM is also higher than that of an OPC. 

In the Seoul Metro system in the Republic of Korea, 
BAMs have been applied to monitor 1h-average and 
24h-average PM2.5 concentrations (i.e., PM with a size 
less than 2.5 µm) at each subway station (Korea Environ-
ment Cooperation, 2021). However, usually only one 
BAM is used on each station platform, but a station is 
large, generally including one waiting room and two plat-
forms (Korea Environment Cooperation, 2021). There-
fore, the PM data from this BAM may be unrepresenta-
tive of PM quality in the indoor air of the whole station.

Accordingly, this study was conducted to compare the 
performance of OPC and BAM in terms of PM2.5 mea-
sured in an underground subway station. In addition, the 
characteristics of PM at different monitoring sites will 
also be investigated by OPCs coupled with 16 size chan-
nels.

2. MATERIALS AND METHODS

2. 1  Experimental Apparatus
A BAM (5028i, Thermo Fisher Scientific, Waltham, 

Massachusetts, USA) was used as a beta-ray attenuation 
method for measuring PM2.5 concentration. Its sampling 
flow rate was 16.67 L/min. The sampling time was 1 
hour. Six OPCs (AQM-06, HCTM Co., Ltd., Gyeonggi-
do, Republic of Korea) with 16 size channels were used 
with a light scattering method. Their sampling flow rate 
was 1.2 L/min and their sampling time varied from 6 s to 
24 h. To enable comparison with the BAM, the sampling 
time of the OPCs was also set to 1 hour. The specifica-

Table 1. Specifications of beta attenuation monitor and optical particle counters in this study.

Parameter BAM OPC

Sampling flow rate 16.67 L/min 1.2 L/min
Sampling time 1 h 1 h
Size range <2.5 µm 0.25-10 µm (16 size channels)
Measurement mass range 0-1 mg/m3 0-2 mg/m3

Precision ±2 µg/m3 <3% of full range
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tions of the BAM and OPCs used in this study are shown 
in Table 1. An OPC consists of a small volume chamber, 
a laser source, and a detector (Denker and Shklovsky, 
2013). When a particle passes through a light beam, a 
part of the light is scattered and a detector measures it. 
The number of particles can be determined by the fre-
quency of the scattered light and the size of a particle can 
be evaluated based on the intensity of the scattered light 

(Denker and Shklovsky, 2013). Through the number of 
particles, the mass concentration of PM at each size can 
be calculated with respect to its density and size, as 
shown in equation (1) (Colombi et al., 2013):
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where A is the surface area of the filter (cm2), I0 is inci-
dent beta-ray intensity (mg/cm2), I is the attenuated 
beta-ray intensity after passing through the PM layer 

(mg/cm2), µ is the attenuation coefficient (cm2/mg), Q 
is the air flow rate (L/min) and t is the sampling time 

(min). 
The BAM and six OPCs were calibrated and certified 

by the Korea Laboratory Accreditation Scheme. The six 
OPCs were also calibrated in the same chamber to deter-
mine their correlation. The coefficient of determinations 

(r2) among OPCs was found to be >0.99 for both PM10 
and PM2.5. 

2. 2  Experimental Method
An underground subway station of line 7 (Sang-dong 

station) of Seoul Metro was selected to investigate PM2.5 
in indoor air. The instruments were set up and operated 
for several days before data collection from March 15 to 
April 15, 2021. In this period, the temperature of the sta-
tion varied from 15.3-21.8°C and relative humidity was 

20-70%. The station has two platforms on the B2 floor 
with screen doors. One BAM was placed on a platform 
to monitor PM2.5. Six OPCs were installed at six sites to 
measure PM10 and PM2.5 in the waiting room and plat-
forms. The experimental set-up is presented in Fig. 1. 
Two OPCs (i.e., OPC_1-1 and OPC_1-2) were instal- 
led in the waiting room. Two OPCs (i.e., OPC_2-1 and 
OPC_2-2) were set up in the platform without a BAM, 
and two others (i.e., OPC_2-3 and OPC_2-4) were loca- 
ted in the platform with a BAM. The locations of the 
OPCs and BAM are shown in Fig. 1. The experiment was  
conducted for one month. 

The 1h-average PM2.5 concentrations observed by the 
BAM and OPCs were compared for seven consecutive 
days. The PM2.5/PM10 ratios were calculated to deter-
mine the relationship between PM sizes and the correla-
tion between BAM and OPC. The distribution of parti-
cle size based on the particle number observed by OPCs 
was also taken into account. A Fisher’s least significant 
difference (LSD) procedure was used to compare the 
mean PM2.5 between the BAM and OPCs at the 95.0% 
confidence level using MATLAB (Version 9.10.0. 
1684407, MathWorks, Inc., Natick, USA). On the other 
hand, 24h-average PM2.5 concentrations obtained from 
BAM and OPCs were also considered. All experimental 
results were illustrated as figures using Microsoft Office 
Excel 2019 (Excel 2019, Microsoft Cooperation, Red-
mond, Washington, USA). 

Fig. 1. Experimental set-up for investigating PM2.5 and PM10 con-
centration at an underground subway station.
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3. RESULTS AND DISCUSSION

3. 1   Comparison of 1h-average PM2.5 
Concentrations Observed by BAM and OPCs 
at an Underground Subway Station

The variations in1h-average PM2.5 concentrations 
measured by a BAM and six OPCs in the waiting room 
and platforms for seven days are shown in Fig. 2. As 

shown in Fig. 2, PM2.5 variations observed from the 
BAM had a similar pattern to those observed from six 
OPCs. However, the correlation between PM2.5 concen-
trations measured by BAM and OPCs differed from 
Monday to Wednesday but were similar from Thursday 
to Sunday. To explain this pattern, more data are present-
ed and discussed in the next section. In addition, the 
PM2.5 concentrations in the platforms revealed unclear 

Fig. 2. Variations in hourly PM2.5 concentrations measured by two different methods at various locations.
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patterns not only between rush hours and rest hours but 
also between weekdays and weekends. Since the plat-
form is connected to the train tunnel, the PM concentra-
tion in the platform is generally affected by the train’s 
operation, which emits abundant particles (Son et al., 
2013). However, the subway station in this study had 
screen doors installed to separate the platform from the 
tunnel. It was previously reported that the PM level in a 
platform coupled with screen doors was significantly 
lower than that in the tunnel, and the correlation of PM 
levels in the platform and ambient air was high (i.e., 0.6-
0.8) (Son et al., 2013). Moreover, many air purifiers were 
also employed to remove particles from the air in the cur-
rent station (as shown in Fig. 1). Therefore, unclear 
PM2.5 patterns between rush hour and rest hour and 
between weekdays and weekends were observed. In 
terms of the effect of relative humidity (RH) on OPCs, 
because all relative humidity values were less than 50% 

(Fig. 2, dotted line), humidity could not have a signifi-
cant effect on OPCs. Besides, since the OPCs had heat-
ing units on the sampling inlet area, humidity might not 
be a significant problem in this study. 

To clearly determine the correlation between PM2.5 
measured by BAM and OPCs, PM2.5 concentrations 
observed from OPC_1-1 and OPC_1-2, OPC_2-1 and 
OPC_2-2, OPC_2-3 and OPC_2-4, OPC_1-1 and 
BAM, OPC_2-1 and BAM, and OPC_2-3 and BAM 

were compared using linear regressions. The results are 
shown in Table 2. Moreover, Fisher’s LSD procedure was 
employed to compare the means of different analyzers. A 
Box-Whisker plot was also illustrated, as shown in Fig. 3, 
for easy observation of the patterns.

As shown in Fig. 3, the means of 1h-average PM2.5 con-
centrations obtained from BAM from Monday to Wed- 
nesday were significantly higher than those observed 
from OPCs at all sites. As shown in Table 2, two OPCs 
on the same floor denoted a good correlation. The corre-
lation of BAM versus OPC_1-1 from Monday to Wed- 
nesday showed the lowest correlation (i.e., r2<0.4) due 
to different floor locations. However, in the same plat-
form, the correlation between BAM and OPC_2-3 was 
also low from Monday to Wednesday. In contrast, BAM 
and OPCs showed a good correlation (i.e., r2>0.65 for 
different floors and r2>0.75 for the same floor) although 
they were located on different floors. The Fisher’s LSD 
results for 1h-average PM2.5 concentrations among ana-
lyzers confirmed this significant difference between 
BAM and OPCs from Monday to Wednesday (Table 3).

It was previously reported that PM concentration 
obtained from an OPC could be different from that 
obtained from gravimetric method because the variation 
of PM composition results in a difference of its density, 
which is used to estimate the mass of PM based on the 
number of PMs (Colombi et al., 2013). Hence, the ratios 

Table 2. Correlation of PM2.5 concentrations observed by different analyzers.

Comparison Mon Tue Wed Thu Fri Sat Sun

OPC_1-1 vs 
OPC_1-2

y = 0.831x
+ 16.018 

r2 = 0.69

y = 1.1555x
-2.8654 

r2 = 0.9363

y = 1.6128x
-8.9982 

r2 = 0.5825

y = 1.2754x
-6.8944 

r2 = 0.9642

y = 0.8715x
+ 10.354 

r2 = 0.8715

y = 0.9115x
+ 2.6466 

r2 = 0.8977

y = 0.9762x
+ 1.1733 

r2 = 0.9828

OPC_2-1 vs 
OPC_2-2

y = 0.7121x
+ 27.338 

r2 = 0.5339

y = 0.8905x
+ 6.1305 

r2 = 0.8406

y = 1.7x
-9.9963 

r2 = 0.6047

y = 1.1666x
-2.0315 

r2 = 0.9746

y = 0.9397x
+ 8.5445 

r2 = 0.9645

y = 1x
+ 3.2052 

r2 = 0.9262

y = 0.8473x
+ 7.3352 

r2 = 0.9663

OPC_2-3 vs 
OPC_2-4

y = 0.8111x
+ 12.862 

r2 = 0.8542

y = 1.0454x
-1.4586 

r2 = 0.9712

y = 1.0951x
-1.3585 

r2 = 0.8864

y = 0.9867x
+ 0.1953 

r2 = 0.991

y = 0.9756x
+ 1.8542 

r2 = 0.9961

y = 1.342x
-12.056 

r2 = 0.8113

y = 1.1515x
-4.2747 

r2 = 0.8515

OPC_1-1 vs 
BAM

y =-0.7749x
+ 128.04 

r2 = 0.1466

y = 1.0235x
+ 16.73 

r2 = 0.3

y = 1.2069x
+ 6.7906 

r2 = 0.1584

y = 0.7063x
+ 15.194 

r2 = 0.883

y = 0.939x
+ 5.5297 

r2 = 0.8629

y = 1.0148x
+ 4.4308 

r2 = 0.6974

y = 0.5338x
+ 13.472 

r2 = 0.651

OPC_2-1 vs 
BAM

y = 0.2865x
+ 61.851 

r2 = 0.0202

y = 0.8737x
+ 14.765 

r2 = 0.3832

y = 1.8346x
-9.7356 

r2 = 0.4698

y = 0.5534x
+ 16.254 

r2 = 0.8745

y = 0.8761x
+ 0.5834 

r2 = 0.8219

y = 0.9684x
+ 0.4371 

r2 = 0.7588

y = 0.5632x
+ 10.817 

r2 = 0.7518

OPC_2-3 vs 
BAM

y = 1.057x
+ 0.2429 

r2 = 0.238

y = 0.9658x
+ 9.6296 

r2 = 0.3984

y = 1.0572x
+ 4.2164 

r2 = 0.426

y = 0.6153x
+ 15.832 

r2 = 0.9097

y = 0.9186x
+ 1.5376 

r2 = 0.8562

y = 1.0757x
+ 0.1932 

r2 = 0.7816

y = 0.5501x
+ 12.297 

r2 = 0.7539
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of PM2.5/PM10 and the distribution of various particle 
sizes based on particle number were estimated to deter-

mine the relationship between PM composition and the 
correlation between BAM and OPC. As shown in Table 

Fig. 3. Distribution of 24h-average PM2.5 concentration in a week with respect to BAM and OPCs.

Table 3. Fisher’s LSD results for representative comparison of 1h-average PM2.5 concentrations between BAM and OPCs for three days.

Parameter

Monday Tuesday Wednesday

BAM vs 
OPC_1-1

BAM vs 
OPC_2-1

BAM vs 
OPC_2-3

BAM vs 
OPC_1-1

BAM vs 
OPC_2-1

BAM vs 
OPC_2-3

BAM vs 
OPC_1-1

BAM vs 
OPC_2-1

BAM vs 
OPC_2-3

Limit of LSD ±9.4 ±9.4 ±9.4 ±7.2 ±7.2 ±7.2 ±2.8 ±2.8 ±2.8
Difference* 21.7 12.7 4.6 17.2 11.3 8.6 10.2 6.9 5.4

Note: *the difference is out of the limit range, which demonstrated that there is a significant difference between any pair of means at 95% confidence. 
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4, PM with sizes less than 2.5 µm contributed 50-80% 
mass of PM10 from Thursday to Sunday. In contrast, this 
mass contribution was higher than 80% on Monday and 
less than 50% on Tuesday and Wednesday. In addition, 
when the size distribution of particles based on the parti-
cle number was investigated, the pattern of particle size 
from Monday to Wednesday was also different from that 

on the other days (Fig. 4). As shown in Fig. 4, most parti-
cles in this station were less than 0.5 µm based on particle 
number. The number of particles<0.5 µm observed on 
Monday (see red dotted circle in Fig. 4) was significantly 
higher than on the other days. In contrast, the number of 
particles<0.4 µm observed on Tuesday and Wednesday 

(see black dotted circle in Fig. 4) was significantly lower 

Table 4. Average PM2.5/PM10 ratio (%) at the current subway station with respect to various sampling locations and days.

Day OPC_1-1 OPC_1-2 OPC_2-1 OPC_2-2 OPC_2-3 OPC_2-4

Monday 83.0 79.7 81.3 80.5 81.8 82.4
Tuesday 44.2 38.6 48.7 49.8 50.0 48.3
Wednesday 32.3 24.9 34.4 37.0 35.6 35.3
Thursday 62.2 55.5 59.5 60.2 59.9 58.4
Friday 66.8 59.0 65.6 65.5 65.4 63.2
Saturday 69.4 66.7 68.5 67.5 69.1 68.1
Sunday 78.8 73.6 77.7 75.5 77.0 77.3

Fig. 4. Size distribution of PM based on particle number obtained from six OPCs on various days.
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than on the other days. This suggests that the difference 
in PM2.5 between BAM and OPCs depends on particle 
size. 

Previous studies have reported that PM2.5/PM10 ratios 

varied at different underground subway stations (Table 
5). Although these ratios varied depending on locations, 
the contribution of different levels of PM2.5 was generally 
high. This indicates that when a BAM and an OPC are 

Table 5. Various PM2.5/PM10 ratios with respect to different underground subway stations.

No. Location PM2.5/PM10
 (%) Reference

1 London, UK 8-20 (Seaton, 2005)
2 Stockholm, Sweden 54-55 ( Johansson and Johansson, 2003)
3 Taipei, Taiwan 60-75 (Cheng et al., 2008)
4 Beijing, China 15-75 (Li et al., 2007)
5 Seoul, Republic of Korea 34-40 (Kim et al., 2008)
6 Seoul, Republic of Korea 70-85 (Park and Ha, 2008)
7 Seoul, Republic of Korea 50-80 (Kim et al., 2012)
8 Seoul, Republic of Korea 25-83 This study

Fig. 5. Variations of 24h-average PM2.5 concentrations with respect to BAM and OPCs: (a) daily variations and (b) Box-Whisker plot of 
one month. 

(a)

(b)
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used to measure PM2.5 at these stations, the correlation 
between BAM and OPC could be relatively high depend- 
ing on the composition of PM. 

Consequently, the 1h-average of PM2.5 concentrations 
in an underground subway station varied with the sam-
pling locations. Hence, a PM database observed from 
only one sampling site might not be representative of PM 
concentration at Seoul subway stations. In terms of a sam-
pling method, PM2.5 concentrations obtained from OPCs 
revealed a good correlation with those from BAM in this 
study when the PM10 comprised 50-80% PM2.5. How- 
ever, more studies should be carried out to identify a reli-
able pattern of PM2.5/PM10 ratios. In addition, no OPC 
was installed next to the BAM to observe particle charac-
teristics. This is a limitation of this study which should be 
overcome in future works. 

3. 2   Comparison of 24h-average PM2.5 
Concentrations Observed by BAM and OPCs 
at an Underground Subway Station 

The 24h-average PM2.5 concentrations were investigat-
ed for one month, and their variations are depicted in 
Fig. 5. 

As shown in Fig. 5, the 24h-average PM2.5 concentra-
tions observed from BAM showed a similar pattern to 
those observed from OPCs in terms of daily variations. 
Moreover, the mean values of one month were similar 
among different measurement techniques (Fig. 5b). To 
clearly demonstrate this pattern, a Fisher’s LSD proce-
dure at 95% confidence for the mean value of each tech-
nique was conducted, and linear regressions were also 

run. The correlation of 24h-average PM2.5 concentra-
tions between BAM and OPCs is shown in Fig. 6. 

As shown in Fig. 6, although different monitoring tech-
niques were conducted at different sampling locations in 
the station, 24h-average PM2.5 concentrations revealed a 
very good correlation between BAM and OPCs, as well 
as among OPCs. The results of the Fisher’s LSD also 
confirmed that there was no significant difference 
between each pair of means because all differences were 
within the limit of ±9.7. The PM2.5/PM10 ratios based 
on the 24h-average data were also evaluated. The results 
are presented as a Box-Whisker plot in Fig. 7.

As shown in Fig. 7, most PM2.5/PM10 ratios were in the 
range of 50-80%. This pattern was similar to that of 
1h-average concentrations, which also showed a good 

Fig. 6. Relationship of 24h-average PM2.5 concentrations among different measurement locations and methods.

Fig. 7. Various PM2.5/PM10 ratios based on 24h-average concen-
trations.
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correlation between BAM and OPCs when the PM2.5/
PM10 ratios were within 50-80%. In particular, the r2 
coefficients between OPC and BAM found in this study 
were >0.9, which is similar to the correlation between 
OPCs and gravimetrical method found in another study 

(i.e., 0.85-0.97) (Colombi et al., 2013). This indicates 
that OPCs could be used to monitor PM2.5 concentra-
tions in terms of 24h-average at subway stations. Fur-
thermore, 24h-average PM2.5 concentrations with a good 
correlation among different sampling locations (i.e., 
waiting room vs. platform) were also found. An analyzer 
could be used to demonstrate 24h-average PM2.5 con-
centrations and can be installed at any location in sub-
way stations. 

Since the use of 24h-avarage data could not observe 
the real-time status of air quality to recognize and solve 
indoor air quality issues in a timely manner, real-time 
data monitoring is suggested in addition to 1h and 
24h-average data. In this case, good calibration OPCs 
could be used. 

4. CONCLUSIONS

PM2.5 concentrations in an underground subway sta-
tion were investigated with respect to 1h and 24h-averag-
es using OPCs and BAM. Two OPCs were located in a 
waiting room. Four OPCs were installed in platforms, 
with two in each platform. PM2.5 concentrations at each 
sampling site measured by these six OPCs were com-
pared. PM2.5/PM10 ratios were also evaluated to charac-
terize the distribution of PM2.5 to PM10. A BAM was 
installed in a platform for comparison with the OPC in 
the same subway station. The experiments were con-
ducted for one month. It was found that the 1h-average 
PM2.5 concentrations varied among different locations 
depending on the PM2.5/PM10 ratios. In contrast, the 
24h-average PM2.5 concentrations were similar among 
different sampling locations. In terms of the comparison 
of BAM and OPC, a significant difference in 1h-average 
PM2.5 concentrations between BAM and OPC was 
found when the PM2.5/PM10 ratios were outside the 
50-80% range although they were located in the same 
platform. Therefore, it is suggested that OPCs should be 
calibrated based on PM characteristics. In contrast, 
24h-average PM2.5 concentration observed by the BAM 
and OPCs did not reveal significant differences. There-
fore, this suggests that various analyzers should be used 

to monitor PM2.5 at different locations in a subway sta-
tion to correctly demonstrate PM characteristics based 
on a 1h-average. In addition, when an OPC is used, the 
PM composition should be considered to compensate 
for the bias of measurement data. In terms of 24h-aver-
age monitoring, an OPC may be used instead of a BAM. 
However, this study was carried out at only one station 
for one month, so the results might not be representative 
of all cases. Thus, further experiments should be con-
ducted in the future at other stations and for longer time 
periods to investigate PM emission patterns. Moreover, 
other factors, such as PM size and density should be also 
taken into account.
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