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Abstract: Ambient air pollution is a pressing global environmental problem. To identify the source
of air pollution and manage air quality in urban areas, the patterns of air pollutants under different
traffic conditions and the impact of weather on air quality were explored in Hangzhou, China, a
city experiencing rapid growth in vehicles. Data for particulate matters (PM10, PM2.5, PM1.0, and
UFP), gaseous pollutants (CO, SO2, O3, and NO), and weather parameters (temperature, relative
humidity, wind speed, and air pressure) were collected at two venues with different traffic conditions.
An exploratory factor analysis was employed to identify the main factors contributing to air quality.
The results showed that PMs, particularly PM1.0 and UFP, significantly contributed to air quality
in monitoring venues, especially at Venue 2. As the leading factor, PMs contributed 40.85%, while
gaseous pollutants and traffic (particularly fuel type) contributed 30.46% to air quality. The traffic was
an independent contributor at Venue 2. Temperature and wind speed had negative influences on air
pollutants. The outcomes of the study suggest that exhaust emissions from vehicles, particularly PM1.0

and UFP from heavy-duty vehicles, contributed significantly to ambient air quality. The contribution
of meteorological factors to air quality varied at different venues and should not be ignored.

Keywords: air quality; particulate matter; meteorological factors; factor analysis; China

1. Introduction

Air pollution is a pressing global environmental problem, particularly in developing
countries. While experiencing a dramatic economic expansion as the world’s largest
developing country, China is also facing the challenge of air pollution. Air quality in
contemporary cities has raised concerns for the Chinese government since early 2010. Based
on the report from the Chinese Ministry of Environmental Protection, the annual mean
PM2.5 concentrations ranged from 29 to 47 µg/m−3 in the past decade [1], which exceed
the World Health Organization (WHO) air pollution guideline level of 10 µg/m−3 [2]. To
understand the status and influential factors of air pollutants in urban areas, many studies
on urban ambient air pollution have been conducted and mainly focused on particulate
matter with a diameter of less than or equal to 10 µm (PM10), particles with a diameter of
less than or equal to 2.5 µm (PM2.5), carbon monoxide (CO), ozone (O3), sulphur dioxide
(SO2), and nitrogen oxides (NOx) [3–8]. These air pollutants have air quality guideline
levels determined by the WHO and have been included in the Chinese National Ambient
Air Quality Standards (GB3095-2012) as air quality indicators [9]. Studies on ambient
particles with a diameter of less than or equal to 1 µm (PM1.0) [10] and ultrafine particles
(UFPs, diameter ≤ 0.1 µm or 100 nm) [11] were limited, even though they have drawn
significant attention due to their possibly greater threatening effects on health [12]. As
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various particle sizes may result in various health impacts, it is crucial to investigate
ambient air quality in a systematic approach, particularly for PM1.0 and UFP, to obtain
useful information on the patterns of air pollutants and influential factors to identify the
main sources of air pollution, efficiently manage air quality in urban areas, and provide
useful information for future regulation of these air pollutants.

With the rapid increase in the use of motor vehicles, traffic-related air pollution in
urban areas has become a major concern for its significant contribution to the total airborne
particulate concentration and related adverse health effects [13–16]. Hangzhou, the capital
city of Zhejiang Province located in southeast China, is one of the major coastal cities in
China with rapid growth in cultural, tourism, and other service industries [17]. The rapid
increase in vehicle numbers has resulted in increased on-road traffic volumes and tail
gas emissions, which may have a negative health impact on local residents, pedestrians,
and outdoor workers. Previous studies on traffic-related air pollution mainly focused on
monitoring concentrations of pollutants under general traffic conditions and often used
official monitoring data or remote sensing data [18–21]. Although big datasets can provide
representative data for monitoring the trend change of air quality over years for the covered
areas, such big data makes it difficult to obtain information on the pattern of air pollutants
for different traffic conditions and the contribution of different vehicle types to air quality.
Furthermore, the official monitoring or remote sensing data obtained from surveillance
points were usually obtained from locations far from emission sources and needed to
be estimated via various methods, such as the inverse distance weighted method or the
Kriging interpolation method, which cannot accurately reflect the local exposure level
due to the fast evolution of UFPs and PM1.0 in space and time [22]. In addition, weather
conditions could be different in different locations within one city. Limited studies in
Hangzhou using official or remote sensing data could not accurately obtain such data for
the monitoring sites [3,23,24]. Hence, first-hand monitoring data near the emission source,
including meteorological factors, is necessary.

In this study, an air quality experiment was conducted in Hangzhou to investigate
the patterns of air pollutants (PM10, PM2.5, PM1.0, UFPs, O3, CO, NO, and SO2) under
different traffic conditions, the contribution of traffic flow and type to air quality, and the
relationships among air pollutants, traffic flow, and meteorological factors.

2. Materials and Methods
2.1. Sampling Venues and Strategy

The air quality monitoring study was conducted from April to June at two venues,
representative of two different traffic conditions, in Hangzhou (Figure 1). Venue 1 was
located in the centre of the Hangzhou metropolitan area and was a 4-lane, twenty-metre-
high viaduct that could only be used by light-duty vehicles. The length of the viaduct from
north to south is about 20 km, and the sampling site was near North Ring Road, which is
near the midpoint of the viaduct’s length. Venue 2 was about 8 km away from Venue 1
and was located at a T-junction near the beginning of the Fourth Bridge, a bridge across
the Qiantang River. About 150 m to the east of the venue were two offices and a textile
sales market, and 200 m to the west was a residential area. Compared with Venue 1, this
venue was a two-lane traffic road located in the southeast of the city. The traffic flow in this
venue was not as busy as that in Venue 1, but the majority of vehicles traveling on the road
were heavy-duty vehicles. The vehicle speed limit is 60 km/h for Venue 2 and 80 km/h
for Venue 1. The measuring instruments’ inlets were situated 1.3 m above the ground, and
the sampling duration covered 8 h every day (from 8:00 to 16:00 Beijing time) during the
study period.
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year and was zeroed using a HEPA filter before sampling each day. The flow rate of the 
device was set at 1.7 L min−1 and the log interval was set at 1 min. The number concentra-
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TSI, Shoreview, USA) measuring particles in the 20 to 1000 nm range. The CPC was zeroed 
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Professional Weather Centre (model WMR200A, Oregon Scientific, Tualatin, USA). The 
inlet filters of monitoring devices were cleaned in a clean environment before measure-
ment. All monitoring devices were placed side by side, and the inlet nozzles faced the 
road.  

2.3. Statistical Analysis 
Descriptive statistics were generated for summarising purposes. The median, mini-

mum, and maximum were calculated for each particulate matter, each gaseous pollutant, 
and each meteorological variable at each monitoring venue. Because the data was not nor-
mally distributed, the Wilcoxon Mann–Whitney test was used to compare the differences 
in PMs between the two monitoring venues. To demonstrate the variation of fine PMs, 
traffic flow, and meteorological parameters, the concentrations were aggregated into 
hourly averages, and line charts were drawn. 

To get an insight into the pattern of air pollution and the contribution of meteorolog-
ical parameters, a separate explanatory factor analysis (EFA) with principal component 
extraction and the oblique rotation method was carried out for the overall data and then 
for each monitoring site. Before the analysis, the distributions of the outcome variables 
were assessed for normality, and some of them were found to be not normally distributed; 
however, factor analysis is generally robust to mild violations of normality [25]. The Kai-
ser–Meyer–Olkin (KMO) statistic was calculated, and Bartlett’s test of sphericity was con-
ducted to test the sampling adequacy and zero correlation coefficients, respectively [26]. 
When the partial correlation coefficients between all variables are much smaller than the 
sum of squares of simple correlation coefficients, the KMO value is close to 1, indicating 
the data is suitable for factor analysis. When the KMO value is smaller than 0.6, the ob-
served variable is considered inappropriate for EFA. Factors with eigenvalues that ex-
ceeded 1.0 were determined to be retained; however, items with factor loadings below 0.4 
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is the sampling site.

2.2. Equipment and Quality Control

The concentrations of PM2.5 and PMl.0 were measured with a real-time aerosol monitor
(DustTrak DRX, model 8533, TSI, Shoreview, MN, USA), which can simultaneously measure
multiple sizes of segregated mass fractions of the sampled aerosol, including total PMs,
PM10, PM2.5, and PM1.0. The DustTrak DRX was calibrated by the manufacturer each year
and was zeroed using a HEPA filter before sampling each day. The flow rate of the device
was set at 1.7 L min−1 and the log interval was set at 1 min. The number concentration
of UFPs was determined using a condensation particle counter (CPC, model 8525, TSI,
Shoreview, MN, USA) measuring particles in the 20 to 1000 nm range. The CPC was zeroed
before sampling each day, and the isopropyl alcohol cartridge was replaced every 4 h. The
concentrations of gaseous pollutants, such as CO, SO2, NO2, and O3, were measured using
YES Plus LGA (CET, Brampton, ON, Canada). The meteorological factors, including air
temperature, pressure, relative humidity, and wind speed, were monitored in situ using a
Professional Weather Centre (model WMR200A, Oregon Scientific, Tualatin, OR, USA). The
inlet filters of monitoring devices were cleaned in a clean environment before measurement.
All monitoring devices were placed side by side, and the inlet nozzles faced the road.

2.3. Statistical Analysis

Descriptive statistics were generated for summarising purposes. The median, mini-
mum, and maximum were calculated for each particulate matter, each gaseous pollutant,
and each meteorological variable at each monitoring venue. Because the data was not nor-
mally distributed, the Wilcoxon Mann–Whitney test was used to compare the differences
in PMs between the two monitoring venues. To demonstrate the variation of fine PMs,
traffic flow, and meteorological parameters, the concentrations were aggregated into hourly
averages, and line charts were drawn.

To get an insight into the pattern of air pollution and the contribution of meteorolog-
ical parameters, a separate explanatory factor analysis (EFA) with principal component
extraction and the oblique rotation method was carried out for the overall data and then
for each monitoring site. Before the analysis, the distributions of the outcome variables
were assessed for normality, and some of them were found to be not normally distributed;
however, factor analysis is generally robust to mild violations of normality [25]. The Kaiser–
Meyer–Olkin (KMO) statistic was calculated, and Bartlett’s test of sphericity was conducted
to test the sampling adequacy and zero correlation coefficients, respectively [26]. When
the partial correlation coefficients between all variables are much smaller than the sum of
squares of simple correlation coefficients, the KMO value is close to 1, indicating the data is
suitable for factor analysis. When the KMO value is smaller than 0.6, the observed variable
is considered inappropriate for EFA. Factors with eigenvalues that exceeded 1.0 were de-
termined to be retained; however, items with factor loadings below 0.4 were eliminated.
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Furthermore, in Bartlett’s test, variables were suitable for EFA only if the result of Bartlett’s
test of sphericity was significant.

All data were analysed by IBM SPSS Statistics Version 26 (Inc., Chicago, IL, USA, https:
//www.ibm.com/support/pages/downloading-ibm-spss-statistics-26?mhsrc=ibmsearch_
a&mhq=spss%2026, accessed on 1 May 2019). A p-value of less than 0.05 is considered
statistically significant at 5%.

3. Results
3.1. The Concentrations of Air Pollutants, Meteorological Parameters, and Traffic Flow

The concentrations of particulate air pollutants (number concentrations and mass
concentrations), traffic flow, and meteorological parameters at both monitoring sites are
presented in Table 1. Although the traffic numbers in Venue 1 (115 vehicles per hour) were
more than four times higher than those in Venue 2 (24 vehicles per hour), the median
concentrations of all particulate air pollutants at Venue 2 were higher than those at Venue 1.
The median number concentration of UFP observed at Venue 2 (median = 5.45 × 104,
min = 1.05 × 104, max = 18.2 × 104) was more than 20% higher than that observed at
Venue 1 (median = 4.29 × 104, min = 1.95 × 104, max = 9.53 × 104). For other particulate
air pollutants, the median concentrations at Venue 2 were more than 50% higher than
those observed at Venue 1. The results of the Wilcoxon Mann–Whitney test showed that
the concentrations of gaseous pollutants were significantly different between the two
monitoring sites (p < 0.01). Among meteorological factors, there were significant differences
in pressure, humidity, and wind speed between the two monitoring locations (p < 0.01).

Table 1. Concentrations of air pollutants, meteorological parameters, and traffic flow at two sampling
sites in Hangzhou.

Factors
[Median (min, max)]

Locations
Venue 1 Venue 2 The Ratios for Venue 2

to Venue 1
p

UFP (104 pt/cm3) 4.29 (1.95, 9.53) 5.45 (1.05, 18.2) 1.27 <0.01
PM1.0 (102 ug/cm3) 1.44 (0.534, 4.87) 2.25 (0.284, 5.93) 1.56 <0.01
PM2.5 (102 ug/cm3) 1.46 (0.544, 4.95) 2.28 (0.286, 6.07) 1.56 <0.01
PM10 (102 ug/cm3) 1.58 (0.600, 5.32) 2.57 (0.324, 6.52) 1.63 <0.01
O3 (ppm) 0.004 (0.00, 0.02) 0.04 (0.00, 0.11) 10.0 <0.01
NO (ppm) 0.13 (0.00, 0.88) 0.38 (0.00, 1.25) 2.92 <0.01
SO2 (ppm) 0.02 (0.00, 0.18) 0.01 (0.00, 0.07) 0.50 <0.01
CO (ppm) 1.40 (0.20, 14.00) 0.40 (0.00, 2.00) 0.29 <0.01
Temperature (°C) 24.2 (14.7, 29.4) 23.7 (18.9, 32.0) 0.98 0.69
Pressure (kPa) 1.02 (1.01, 1.02) 1.01 (1.01, 1.01) 0.99 <0.01
Humidity (%) 70.0 (37.1, 98.5) 64.2 (30.0, 91.0) 0.92 0.02
Wind speed (m/s) 0.45 (0.16, 1.74) 0.40 (0.03, 1.57) 0.89 <0.01
Traffic (vehicle numbers per hour) 115 (55, 488) 24 (14, 90) 0.21 <0.01

Note: p-value obtained based on the Wilcoxon Mann–Whitney test.

3.2. Temporal Variations of the Concentrations of Fine PM Pollutants, Traffic Flow, and
Meteorological Parameters

The concentrations of fine PMs, traffic flow, and meteorological parameters were
aggregated into hourly averages (denoted as 1–8), and the mean levels within each hour
were plotted in Figure 2. UFP and PMl.0 were plotted on the left axis, and the rest were
plotted on the right axis. For illustration purposes, UFP and pressure were divided by 100,
and wind speed was multiplied by 100.

Figure 2A showed that the overall concentrations of UFP and PM1.0 kept decreasing
from morning to afternoon. The humidity levels followed the same pattern as the concen-
tration of fine PMs. On the contrary, the temperature and wind speed tended to increase
from morning to afternoon. The overall number of vehicles, which fluctuated in waves
between 70 and 90, presented two peak values in the morning and the afternoon. The

https://www.ibm.com/support/pages/downloading-ibm-spss-statistics-26?mhsrc=ibmsearch_a&mhq=spss%2026
https://www.ibm.com/support/pages/downloading-ibm-spss-statistics-26?mhsrc=ibmsearch_a&mhq=spss%2026
https://www.ibm.com/support/pages/downloading-ibm-spss-statistics-26?mhsrc=ibmsearch_a&mhq=spss%2026
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temporal variations in the concentrations of UFP and PMl.0, vehicle numbers, and weather
parameters in the two venues were similar to those overall and presented in Figure 2B,C.
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3.3. Temporal Variation in Mean Ratios of PM1.0 and PM2.5

The hourly average of the ratios between the PM fractions in the two locations was
calculated (Figure 3). The results showed that the mean ratios for PM2.5 to PM10 and PM1.0



Atmosphere 2023, 14, 1394 6 of 11

to PM10 at Venue 1 were higher than those at Venue 2, except for one point in the morning
and two points in the late afternoon. The mean ratios for PM1.0 to PM2.5 at Venue 1 were
similar to those at Venue 2, except for two points in the morning.
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3.4. Factor Analysis of the Potential Sources of Air Pollution and Influential Weather Factors

To analyse the pattern and potential sources of air pollution, PMs, gaseous air pollu-
tants, and traffic flow were included in the EFA. Meanwhile, the contribution of meteoro-
logical parameters as influential factors was explored using the EFA. The overall and venue
specific EFA results were presented in Table 2. Kaiser–Meyer–Olkin (KMO) measures were
greater than 0.6 for all factor analyses, suggesting the factors had a lot in common for a
satisfactory factor analysis. Bartlett’s tests were significant (p < 0.001), suggesting good
factorability of these variables.
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Table 2. The results of factor analysis for air pollutants and influencing factors.

Categories Variables
Overall Venue 1 Venue 2

Factor 1 Factor 2 Factor 1 Factor 2 Factor 3 Factor 1 Factor 2 Factor 3

Air pollutants

PM1.0 (ug/cm3) 0.98 0.93 0.99
PM2.5 (ug/cm3) 0.98 0.93 0.99
PM10 (ug/cm3) 0.98 0.93 0.99
UFP (pt/cm3) 0.52 0.73 0.55
CO (ppm) 0.80 0.89 0.75
SO2 (ppm) 0.74 0.89 0.74
NO (ppm) −0.65 0.65 −0.74
O3 (ppm) −0.81 0.79 −0.82
Traffic 0.74 0.58 0.93
Variance
explained (%) 40.85 30.46 34.96 26.40 12.43 50.93 16.14 12.00

Cumulative
variance
explained (%)

71.31 76.30 79.07

KMO 0.718 0.61 0.70
Bartlett’s Test p < 0.001 p < 0.001 p < 0.001

Air pollutants and
meteorological
parameters

Variables
Overall Venue 1 Venue 2

Factor 1 Factor 2 Factor 3 Factor 1 Factor 2 Factor 3 Factor 1 Factor 2 Factor 3

PM1.0 (ug/cm3) 0.98 0.99 0.97
PM2.5 (ug/cm3) 0.98 0.98 0.97
PM10 (ug/cm3) 0.98 0.98 0.97
UFP (pt/cm3) 0.78 0.73 0.78
CO (ppm) 0.65 0.87 0.79
SO2 (ppm) 0.58 0.82 −0.60
NO (ppm) −0.83 0.60 −0.81
O3 (ppm) −0.82 0.64 −0.83
Traffic 0.61 0.44 0.52
Humidity 0.86 −0.83 0.90
Wind speed −0.75 −0.42 −0.67
Pressure −0.67 0.56 −0.83
Temp −0.89 −0.92 −0.68
Variance
explained (%) 39.14 25.63 12.01 29.19 21.67 16.00 45.55 20.25 9.08

Cumulative
variance
explained (%)

76.78 66.86 74.88

KMO 0.759 0.681 0.727
Bartlett’s Test p < 0.001 p < 0.001 p < 0.001

The results showed that overall air quality (across the two monitoring venues) was
mainly affected by two factors (71.31%). The first factor, including all particular matters,
explained variation up to 40.85%, indicating that the PMs were a leading indicator that
contributed most to the air quality observed in the study areas. The second factor, which
consists of CO, SO2, NO, O3, and traffic flow, explained 30.46% of the total variation.
Based on the venue specific EFA, air quality was mainly affected by three factors. For
particulates, while PM1.0–PM10 were included in the first factor, UFP was in the second
factor for both venues. For gaseous pollutants, CO and SO2 were included in the second
factor in Venue 1, and CO and NO were included in the first factor in Venue 2. Traffic
flow alone contributed to 12% of the variations as the third factor for Venue 2. For the EFA
result including meteorological parameters, temperature and wind speed were presented
as negative influential factors overall and for each venue. While temperature was involved
in the third factor overall and for each venue, wind speed was involved in the second factor
overall and for Venue 1 and was involved in the first factor in Venue 2.

4. Discussions

This study characterised the pattern of particulate pollutants under different traffic
conditions and explored the relationships between PMs, gaseous air pollutants, traffic
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flow, and meteorological factors. In particular, the potential sources of air pollution were
explored using the EFA method.

The overall EFA results (Table 2) indicated that mass concentrations of PMs (PM1.0-PM10,
as the first factor) and particle number concentrations (PNC) of UFP contributed signifi-
cantly to the air quality of the monitoring venues. The gaseous pollutants also contribute
significantly (as the second factor) to the air quality of the monitoring venues. This study
also observed that, within PM2.5, over 98% came from PM1.0 (Figure 3C), suggesting that
the majority of PMs detected in the two venues were PM1.0 and smaller. This was supported
by a study conducted in an urban area of Vietnam with heavy traffic, which revealed a
high ratio of PM1.0 to PM2.5 mass (above 0.8) [27]. For the UFP, although they account for a
negligible contribution to the total PM mass concentration, they contribute dominantly to
PNC [28]. The higher PNC of UFP in Venue 2 suggested the non-negligible contribution
of UFP to air quality by heavy-duty vehicles. Currently, there is no regulation for PM1.0
and UPF worldwide, as no sufficient epidemiological evidence exists to formulate the air
quality guideline levels for them. In 2021, an air quality guideline by the WHO [2] indicated
that the most significant process generating UFP was combustion. The main sources of
UFP include vehicles and other forms of transportation (aviation and shipping), industrial
power plants, and residential heating. Given that the monitoring venues were far from
other sources, vehicles contributed significantly to the PNC of UFP in this study. This was
also apparent in Venue 2, where UFP acted as factor 3 in EFA, a sole contributor, and the
venue was dominated by heavy-duty vehicles using diesel fuel.

An interesting finding on the pollutants’ concentration was that although the traffic
flow in Venue 2 was significantly lower than that in Venue 1, the PMs concentrations in
Venue 2 were higher than those in Venue 1 (Table 1). This finding suggested that the pattern
of air pollutants at both venues was different. A high concentration of PMs is usually
accompanied by high traffic flow, which has been reported as a direct factor and a major
source of PM in source studies [29–31]. However, the opposite trend of PM concentration
and traffic flow observed in this study suggested that other contributors might be involved
more prominently than traffic flow. The possible reason could be the influence of vehicle
types, speeds, and meteorological conditions at the two venues.

Petrol and diesel are two types of fuels used most commonly for vehicles, which
generate different mixtures of air pollutants. Petrol vehicles produce more carbon monoxide
(CO), volatile organic compounds (VOCs), ammonia (NH3), and heavy metals, while diesel
vehicles are responsible for more PM2.5 [32]. Diesel exhaust is one important contributor to
the high concentration of UFP and fine particles [28,33–35]. At Venue 1, there were only a
large number of passenger cars during monitoring periods. Compared with Venue 1, there
were mainly heavy-duty vehicles with relatively low traffic flow at Venue 2. Furthermore,
the factor analysis for air pollutants revealed that traffic flow, as an independent factor,
explained 12% of the variation in Venue 2, which indicated the crucial role of heavy-duty
vehicles at Venue 2. Hence, the different vehicle types and speeds probably weighted more
than vehicle numbers to explain the high concentration of PMs at Venue 2. Recently, one
study on the generation of spikes in UFP emissions in the city of Toronto demonstrated
that the number of UFP spikes was highest on arterial roads where the vehicle speed was
relatively low but with high variability [36]. In addition, a study on the characteristics of
gaseous pollutants from light-duty diesel vehicles reported that gaseous pollutant emissions
decreased with the rise of vehicle speed [37]. Among the two traffic roads, the speed limit
at Venue 1 was 80 km/h and 60 km/h at Venue 2. The slower the speed, the lower the local
airflow, which is adverse to dilution [38]. Hence, the higher concentration of UFP at Venue
2 might also be associated with the relatively low vehicle speed at Venue 2.

Meteorological factors have been reported as influential factors for air pollutants.
Charron et al. studied the influences of meteorological factors on particle size distribution
and found that low temperatures favoured the formation of new particles [39]. This is
consistent with our temporal variation results, which showed that the variation pattern of
concentrations of PM1.0 and UFP was opposite to that of wind speed and temperature at
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both venues (Figure 2). The EFA results of exploring meteorological factors revealed that
wind speed and temperature presented a negative impact factor at both venues. A similar
negative correlation between wind speed and the concentration of air pollutants was also
reported by the studies conducted in China and Istanbul [40,41]. Another study conducted
in the city of Elche also found that submicron (PM1.0) and fine (PM1.0–2.5) particles had
significant negative correlations with wind speed [42]. The possible reason for the negative
effect of wind speed is that a lower wind speed is not conducive to diluting pollutants [43].
In addition, the negative effect of temperature on air pollution in this study was confirmed
by a recent study conducted in Peru [44]. This study reported that temperature had a
negative relationship with the PM2.5 mass concentration. This may be related to slow air
convection, less diffusion, and the dilution of air pollutants at lower temperatures [45].

In brief, comprehensive measurements were conducted in Hangzhou under different
traffic conditions to identify the contribution of traffic flow, fuel type, patterns of air pollu-
tants, and the impact of meteorological conditions on air quality. The relevant knowledge
obtained in this study will serve as the scientific basis for future assessments of the air
pollution situation and quantify the contributions of heavy diesel vehicles to air pollutants
on a larger scale.

One limitation of this study was that the monitoring was only conducted in the spring
and did not cover all four seasons. The pattern of air pollution is influenced by weather
with seasonal variation and is site-specific. However, this limitation would not detract
from the finding that meteorological conditions were important factors in affecting PMs.
To illustrate the pattern of air pollution in different seasons and the specific association
between the variation of UFP and traffic, further studies that cover a longer measurement
time and more monitoring sites are needed to confirm the findings of this study.

5. Conclusions

The main conclusions from this study are as follows: (1) The PMs, in particular PM1.0
and UFP, were the main air pollutants on both busy traffic roads and significantly con-
tributed to traffic-related air pollution. (2) The fuel type of vehicles, especially diesel
exhaust, is an important contributor to air pollution, particularly fine and ultrafine particu-
late matter. (3) Vehicle speed is also an adjusting factor for air pollution level; the slower
the speed, the higher the PMs in the monitoring venue. (4) Meteorological parameters,
especially wind speed and temperature, are negatively correlated with the concentrations
of fine and ultrafine particulate matter. The findings observed in this study may serve
as a scientific basis for further assessing air pollution in modern urban areas with busy
traffic flows and quantifying the contributions of heavy diesel vehicles to air pollutants on
a larger scale. The outcomes of this study also provide useful information for the future
with regard to efficiently managing air quality in urban areas and for future regulation of
PM1.0 and UFP.
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