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Hourly measurements of meteorological parameters
(temperature, relative humidity, wind direction and
wind speed), particulate and gaseous pollutants
(PM10, PM2.5, 03, S02, CO and NO2), chemical
compositions of PM2.5 (water soluble ions and
carbonaceous materials), and vertical distribution of
aerosols were made from February 28 to April 6 2014
at Hungchen in Taiwan. The HYSPLIT and hourly
measurements of meteorological parameters were
applied to distinguish the weather condition.



In this work, four types of air masses were
1dentified as Anthropogenic emissions from Kaohsiung
and Pingtung area, the land breeze, northeast monsoon
and western sea wind. The four types of air masses
can be directly characterized as daily variations
with sea wind (northwest) in daytime and land wind
(northeast) in nighttime, the prevailing northeaster
with strong and cold wind, and the prevailing light
breeze from west, respectively. The downwash
processes were verified that the occurrence of peak
in biomass burning tracer concentration was
consistency with the period of downwash transport in
the ground station. The vertical distribution of
aerosols measured from the in situ LIDAR and the
vertical wind section simulated from the
meteorological model were used to define the period
of the downwash transport. The biomass burning
pollutants from the Indo-China Peninsula were
regarded as the tracer to observe the downwash
transport of the upper atmosphere.

The pollutant characteristics of each air mass were
found in this study. Anthropogenic emissions from
Kaohsiung and Pingtung area with primary
photochemical pollutants led to the serious pollution
at Hungchen. However, the concentrations of
pollutants were quickly reduced when the wind was
changed to the land wind. The pollution was related
to the long range transport of polluted air from Asia
in the prevailing northeasterly. During the westerly,
the air quality was the best during the observed
period. The ambient aerosols with the Cl-/Nat+ ratio
of 1.5 (similar to the ratio of 1.8 from sea salts)
were characterized as the oceanic transport. The
long-range transport of biomass burning from the
Indo-China Peninsula affected the air quality at
Hungchen through the downwash process. The aerosols
were characterized as the high proportion of biomass
pollutants. The comparison of Lulin station ‘s
results showed that they had same biomass burning
source, mainly influenced by Indo-China Peninsula ‘s
biomass burning emissions.



Indo-China Peninsula, biomass burning, downwash,
photochemical pollutants, In-situ measurement,
Atmospheric acidity, Water soluble organic carbon,
Dicarboxylic acid, Visibility, Mixed layer height
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HIGHLIGHTS

* Hourly measurements of soluble ions, OC, EC and visibility were analyzed.

« Six factors of PM, 5 were identified by PMF according to the hourly measurements.
 Reconstructed PM, 5 of each pollutant source was estimated by PMF.

« Source apportionment of visibility degradation was discussed by reconstructed PM; s.
 Real-time by contributions of each pollutant source.
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Article history: Visibility degradation caused by air pollution has become a serious environmental problem in megacities in
Received 22 April 2014 Northeast Asia. In general, aerosol chemical compositions are measured by a conventional method of time inte-
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grated filter sampling for off-line analysis, which cannot represent temporal and spatial variations in the real at-
mosphere. The in situ air composition measuring equipment, OCEC carbon aerosol analyzer and a long-path
visibility transmissometer-3 were used to collect hourly measurements of the soluble ions, organic/elemental

Editor: Xuexi Tie carbon, and ambient visibility, respectively. During the observation, two types of weather conditions were iden-

tified: transport and stagnant. Because PM; 5 was identified as the predominant species of light extinction, the
Keywords: sources of PM; 5 were determined and investigated using a positive matrix factorization (PMF) analysis. The
Visual range PMF outputs characterized the six main emission sources (marine/crustal aerosols, secondary nitrate, secondary
Soluble ion sulfate, direct vehicle exhaust, coal/incinerator combustion, and local sewage emission) and reconstructed the
Pollutant source PM, 5 mass concentrations of each pollutant source in two weather conditions. In addition, the light extinction

In situ measurement
Light extinction
PMF

(bex) Was reconstructed using a multivariate linear regression analysis with hourly-reconstructed PM; 5 mass
concentrations to determine the contributions of each source to bey:. The primary results showed that the extinc-
tion coefficient was proportional to the PM; 5 with high value in stagnant weather conditions. The secondary sul-
fate was the most abundant source of bey contribution during the sampling period. In addition, the bexe
contributions of direct vehicle exhaust and coal/incinerator combustion significantly increased in the stagnant
weather condition. According to the results of hourly measurements, this work further emphasized that the
sources of direct vehicle exhaust and coal/incinerator combustion in PM, 5 were the important sources of visibil-
ity degradation in the stagnant weather conditions, which suggests that the pollutants derived from direct
vehicle exhaust and coal/incinerator combustion should be controlled first to improve visibility in Taichung.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Visibility is also known as visual range, wherein an object in the
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E-mail address: sychang@csmu.edu.tw (S.-Y. Chang). contrast between the object and background decreases as the distance

http://dx.doi.org/10.1016/j.scitotenv.2014.07.120
0048-9697/© 2014 Elsevier B.V. All rights reserved.


http://crossmark.crossref.org/dialog/?doi=10.1016/j.scitotenv.2014.07.120&domain=pdf
http://dx.doi.org/10.1016/j.scitotenv.2014.07.120
mailto:sychang@csmu.edu.tw
http://dx.doi.org/10.1016/j.scitotenv.2014.07.120
http://www.sciencedirect.com/science/journal/00489697

220 W.-N. Chen et al. / Science of the Total Environment 497-498 (2014) 219-228

between the object and the observer increases (World Meteorological
Organization, 1992, 2003). Watson (2002) indicated that visibility
reduction, other than on foggy days, is always associated with poor air
quality caused by intensive emissions of air pollutants. Seinfeld and
Pandis (2006) indicated that visibility degradation is likely the most
readily perceived impact of air pollution.

The relationship between air quality and visibility is complex be-
cause of the temporal and spatial variations of air pollutants, visibility
and weather conditions. At present, the visibility observation modes
include naked eye observations, digital image processing (Baumer
et al,, 2008; Huang et al., 2009; Liaw et al., 2010), nephelometers,
aethalometers (Deng et al., 2008), and short/long optical path transmis-
someter measurements (Kim et al., 2006). The naked eye observation
and digital image processing measurement methods lack objective di-
rect and continuous measurements of atmospheric visibility and cannot
provide objective observation data at night. Long-term filter-based
aerosol sampling is still a common method of measuring the chemical
composition of atmospheric aerosols in which the collected aerosols in-
teract with the in-coming gas, environmental factors and each other.
However, sampling artifacts of acidity, ammonium, nitrate, chloride
and sulfate can occur and thus change the composition of the collected
aerosols (Pathak and Chan, 2005). The uncertainties of aerosol optical
characteristics contribute substantially to uncertainties in climate
forcing and the regulatory efforts designed to improve visibility (IPCC,
2007). Thus, continuous measurements of air quality and ambient
visibility with accurate time resolution are required to decrease the un-
certainty when evaluating the relationship between ambient visibility
and pollutant sources.

Visibility degradation caused by atmospheric pollution is a global
problem in many densely populated areas that have experienced popu-
lation growth and the spread of industrialization, especially in the East
Asia. Several studies have reported that a significant decline of visibility
in Chinese megacities was closely related to meteorological conditions
and air pollution (Wang et al., 2006, 2012; Sun et al., 2006; Tan et al.,
2009; Chen et al., 2014). Taiwan is situated in the western Pacific off
the southeastern coast of mainland China. The atmospheric environ-
ment has been intensively influenced by monsoons, which cause rapid
variations in ambient pollutants. Most of the previous studies of aerosol
compositions and ambient visibility have been based on batch measure-
ments and naked eye observations, respectively; however, such mea-
surements are usually insufficient to explain the complex temporal
characteristics between air pollution and ambient visibility under vari-
ous meteorological conditions. For developing strategies of improving
visual air quality, Yuan et al. (2002) have used the receptor models,
based on chemical mass balance and principal component factor analy-
sis, to establish multiple regression models for atmospheric visibility.
Eatough and Farber (2009) illustrated a novel approach that coupled a
positive matrix factorization (PMF) model with added extinction to
identify each source contributor to extinction.

This study integrated a long-path visibility transmissometer
3 (LPV-3) into in situ air composition measuring equipment (ACME)
and OCEC carbon aerosol analyzer to avoid the artifacts of naked-eye
observations and long-term filter sampling. An additional investigation
was conducted of the visibility related to particle size, meteorological
conditions, and soluble ions in the Taichung urban area. A PMF analysis
was conducted to evaluate the pollution types influencing visibility in
the Taichung urban area.

2. Experimental methods
2.1. Sampling time and site

Air pollutants and ambient visibility were observed from December
9-29, 2010. During the sampling period, the atmospheric environment

was mainly affected by the winter monsoon, which produced cold and
dry weather conditions. The aerosol soluble ions and atmospheric

visibility were observed hourly. The aerosol mass concentration, gas
concentration and meteorological parameters were derived from
average measurements of two neighboring environmental protection
administration (EPA) site (Xitun (upwind site) and Dali (downwind
site) in Fig. 1).

The sampling sites were located in the Taichung urban area in
central Taiwan (Fig. 1). In this study, the hourly measurements of
atmospheric visibility, PM, 5 soluble ions and organic/elemental carbon
were obtained by LPV-3, ACME, and OCEC carbon aerosol analyzer, re-
spectively. The LPV-3 consisted of a transmitter and receiver that were
installed on the campus of Chung Shan Medical University (CSMU)
and the Wurih site, respectively. Two sampling sites with a distance of
2.5 km were on the top floors at 12 m above ground level. The optical
path was northeast-southwest, and there were no high buildings
between the two sites. The ACME monitor and OCEC carbon aerosol an-
alyzer were placed at the Wurih site, which was located in a residential
zone. Two coal-fired power plants are located to the northwest of the
Taichung urban area and western coastal area. The power plants are
windward of the Taichung urban area during the northwester and sea
wind periods.

2.2. Instruments

2.2.1. In situ air composition measuring equipment

The in situ air composition measuring equipment (ACME) system
was developed from an in situ IC system (Chang et al., 2007) and con-
sists of a denuder, filter collector unit, aerosol growth capture unit,
and ion analysis unit. This system can collect PM, 5 and PM;q aerosols
according to the size selective inlet. In this study, the ACME system
was operated at a total flow rate of 16.7 Ipm for a PM, 5 sampling
inlet. After leaving the pre-impactor, the sampling flow is split into a
10 Ipm main flow and 6.7 Ipm filter flow. The filter flow is passed
through the filter pack, where a collection filter of the proper material
can be selected according to the chemical composition of the aerosol
to be analyzed. The ambient sample from the main flow is drawn
through the multiple parallel-plate wet denuder with a constantly re-
generated deionized (DI) water surface to remove acidic (NO,, SO,
HNO,, HNOs and H,S04) and basic gases (NHs), then the aerosol is
passed through a growth chamber where large droplets form in the su-
persaturated condition. After leaving the growth chamber, the aerosol is
removed from the air by inertial impact onto a flat quartz plate, and
highly purified and DI carrier water is used to wash the aerosol off the
impact plate. The final liquid sample, which contains the soluble ions
of the collected aerosol and air bubbles, is introduced into the debubbler
to remove the air bubbles. The syringe pump was used to withdraw the
liquid sample from the debubbler with flow rate of 0.25 ml min™'. Then
a sample of 3 ml was injected into each IC (ion chromatography, ICS-90,
Dionex Corp., California, USA) with flow rate of 1.5 ml min™ . In this
work, the water-soluble inorganic ions were measured at intervals of
15 min. The filtering head for the sample drips of the ACME system is
changed once every two days, and the air flow rate of the instrument
is calibrated every day. Each IC consists of a 500 pl sample loop. The col-
umns used in the anion and cation ion chromatographs are AS12A and
CS12A, respectively. The retention time is 2.4, 2.7, 4.5, 8.5, 4.0, 4.5, 5.7,
and 11.2 min for CI~, NO3, NO3, SOZ~, Na*, NH{, KT, Mg?™, and
Ca®™, respectively. Each soluble species can be clearly separated and an-
alyzed. The mass concentrations of soluble ions in the atmosphere are
obtained by calculating the analytic results of the ICs. The detection
limits calculated as the three times standard deviations of seven repli-
cate blank samples were lower than 0.5 ug m ™2 for the various ambient
ionic components. The results of blank samples were measured from DI
water in the same way as normal samples. The system contamination in
the blank sample can be ignored, because it is much less than the
measurement of sample. To render the sampled data and other analyt-
ical results consistently representative of time, all of the measured data
are converted into hourly average values before analysis. The ACME



W.-N. Chen et al. / Science of the Total Environment 497-498 (2014) 219-228

At ()

Tarwan
Strant

\ ‘“\\\v“‘

Power plant

221

"$t
s
Power plant

rie™Toawial Tow  Urban area
sy

SMU
Xiunm o ‘( v

3 m Dali
e Wurih statiog

Central
Mountain
Ranges
Dae

Fig. 1. Geographical location of Taichung City and sampling sites. The

system is advantageous in comparison to filter-based samples to be
analyzed by IC, in the sense that it eliminates volatilization artifacts
observed in the latter (unless backup filters are used).

2.2.2. OCEC carbon aerosol analyzer

The measurements of the EC and OC were made by a field semi-
online OC/EC analyzer (Bae et al., 2004) from Sunset Laboratory Inc.
with a PM, 5 cyclone inlet (BGI; flow rate: 8 | min~'). The device was
equipped with a carbon parallel-plate diffusion denuder (from Sunset
Lab.) to remove volatile organic compounds that may cause a positive
bias in the OC concentrations measured. The samples were taken at
45 min intervals of which the thermal-optical analysis takes about
15 min using NIOSH protocol (NIOSH, 1998). The collected EC and OC
were oxidized to carbon dioxide and analyzed by a non-dispersive infra-
red (NDIR) detector. The detection limits calculated as the three times
standard deviations of seven replicate blank samples were lower than
05ug m—>.

2.2.3. Long-path visibility transmissometer 3

The long-path visibility transmissometer 3 (LPV-3, Optec, Inc.,
Lowell, USA) consists of a constant-output light-source transmitter
(light source) and a computer-controlled photometer receiver (detec-
tor). The transmissometer directly measures the irradiance of a light
source at 550 nm wavelength after the light has traveled over a finite at-
mospheric path. The transmittance of the path is calculated by dividing
the measured irradiance at the end of the path with the calibrated initial
intensity of the light source. Using Bouger's law, the average light ex-
tinction (bey) of the path is calculated from the transmittance and
length of the path. Transmissometers produce a completely ambient
measurement of the light extinction coefficient, which is converted
into visibility using the following equation:

Visibility (VIS) = K/bey (1

where: K = the Koschmieder coefficient, which is the logarithm of the
contrast threshold limit value of the human eye (3.9 in this study).
The calibration was conducted using the differential path method
(OPTEC, 1996; EPA, 1999) and performed by measuring the uncer-
tainties in the path range and atmospheric transmittance of the lamp
intensity over the calibration path.

A 4

UTMAE (i)

LPV-3 light path is between Wurih station (round) and CSMU (triangular).

2.3. Positive matrix factorization (PMF) model

PMF (PMF v3.0; USEPA, 2008) based on multilinear engine 2
program was used to identify the possible pollutant sources of PM 5
and estimate the contribution of each source to PM; 5 mass. Further
description of the model can be found in Paatero and Tapper (1994)
and Paatero (1997). In this study, PMF was performed on the two data
matrices of concentrations and uncertainties for hourly samples (over
440 (1 h) data points). Concentration value below the method detection
limit (MDL) is replaced by half of MDL value and the uncertainty is cal-
culated using the following equation (Polissar et al., 1998).

> x MDL.

Unc:6

If the concentration is greater than the MDL provided, the calculation
is

Unc = \/ (Error Fraction x concentration)? + (MDL)?.

Missing data was preliminarily replaced by the median value of the
measured concentrations and their uncertainties were replaced by
two times the median value. Table 1 lists the species quantified during
this work along with their median concentration, uncertainty, and prev-
alence of missing and BDL observations. Interpretability of the resulting
factor profiles and contributions was ultimately used as the primary tool
for selecting the optimum number of factors. The six factor model and a

Table 1

Summary statistics and concentrations of 9 species measured for PMF analysis.
Species Median (ug m~3) Mean uncertainty (ug m~>) Missing (%) BDL (%)
- 33 0.8 4.6 0.0
NO3 8.4 7.2 5.6 345
Nera 119 2.7 8.1 0.0
Na* 0.6 0.6 115 0.2
NHZ 0.9 1.1 115 31.2
K* 0.5 0.5 115 1.0
Ca’* 0.4 0.5 125 1.0
ocC 119 2.0 5.0 04
EC 24 0.7 5.0 04
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value of FPEAK = 0.01 provided the most physically reasonable factor
profiles. A total of 100 bootstrap runs were performed with a minimum
R? of 0.6 to examine the stability and to estimate the uncertainty of the
base run solution. All of the bootstrapped factors were uniquely mapped
to a factor from the base solution, and no factors were unmapped.

3. Results and discussion
3.1. Classification of weather conditions

Fig. 2 exhibits the hourly variations of the meteorological parame-
ters of wind speed (WS), wind direction (WD), temperature (T) and rel-
ative humidity (RH) in the sampling period. As mentioned by Lin et al.
(2004), the dominant weather condition of each experiment day can
be classified as stagnant and transport condition. The period and charac-
teristics of each weather condition are detailed below.

During the effect of the winter monsoon, stagnant weather condi-
tions are typical prior to a frontal passage over Taiwan. Winds before
the frontal passage tend to be weak with a sea-land circulation. Ambi-
ent temperature and relative humidity show a clear diurnal cycle.
Under this condition, local emissions can dominate the distribution of
air pollutants. Stagnant weather conditions occurred in the periods
December 9-14, 17-24 and 27-29. In contrast, as the cold front passed
over Taichung, a diurnal cycle of meteorological parameters disap-
peared. Ambient temperature drop rapidly, and relatively strong
northwesterly-northeasterly winds prevail which can carry long-
range transport air masses. Therefore, these weather conditions were
classified as the transport condition. Transport weather conditions
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3.2. Explained variations of NO, and PM to visibility degradation

Environmental studies have found that the relative humidity, NO,
concentrations, and particulate matter in the atmosphere can influence
the visibility (Appel et al., 1985; IMPROVE, 2006, 2010; Kuo et al,, 2013).
The bey: is inverse proportional to visibility. Hence, higher value of bey,
demonstrates poorer visibility. Fig. 3 shows the hourly variations of
Bexts PMa2.s5, PM35_10 and NO- in the sampling period. The trend of bey,
is similar to that of NO,, PM,5_19 and PM;s. On the whole, the bex
was higher during the stagnant weather conditions than that during
the transport weather conditions. Compared with the hourly value of
bexe ON the stagnant days, the hourly bey: was higher in the nighttime
and the relatively higher by occurred at the frontal passage. It
suggested that more serious air pollution resulted in poorer visibility.

Cass (1976) indicated that the RH-correction factor [1 / (1 — RH)]
was required to improve the total variation explained for bey.. Lai and
Sequeira (2001) applied the RH-correction factor to increase the
explained variation of bey: from 28% to almost 70% in Hung Kung.
The explained variations of NO,, PM; 5_10, and PM; 5 with and without
RH-correction to bey between the stagnant and transport weather
conditions were compared by the simple regression model in Fig. 4.
The results indicated that the RH-correction increased the variation of
PM, 5_10 and PM, 5 to bex.. The R? of PM, 5 with the RH-correction was
higher than that of PM, s_1¢ and NO, during the transport and stagnant
weather conditions. In addition, the explained variations of NO,, PM; 5
and PM,5_1o are estimated from a linear multivariate regression
model as follows:

occurred in the periods December 14-17 and 24-27. Deye = D1[NO,] + by [PM, 5] Cfgy + b3 [PMy 510 Cfgy 2)
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Fig. 2. The hourly variation of the meteorological parameters during the sampling period. S: Stagnant weather condition; T: Transport weather condition.
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Fig. 3. The hourly measurements of bey;, PM; 5, PMy 5_10, and NO, during the sampling period. S: Stagnant weather condition; T: Transport weather condition.

where by, by, and bs are the regression parameters; and Cfgy is an
RH-correction factor. Table 2 shows the calculated total variation and
fractional variation with and without the RH-correction. The total vari-
ance explanation of bey, in the two weather conditions improved from a
range of 43-65% without the RH-correction to a range of 67-76% with
the RH-correction. The fractional variation of PM, 5 to bexs Was the
highest compared to the NO, and PM, 5_1 variations for both weather
conditions. It indicated that PM, 5 is the most important pollutant for
visibility degradation. The PM, 5 variation to bey in the transport weath-
er conditions was slightly lower than that in the stagnant weather
conditions, which might have been caused by the differences in aerosol
compositions between two conditions.

3.3. Source apportioning of PM5 5

PMF has been demonstrated as a useful statistical technique for data
reduction and source interpretation. The hourly PM, s composition
dataset was used to apply PMF techniques to determine the sources
and their contributions to the total PM, 5 mass. The six source factor
profiles that were obtained are reported in Fig. 5. Fig. 6 illustrates a
time series of the estimated hourly PM, 5 mass concentrations of each
source. In a seven-factor model, the regression produces a negative con-
stant indicating too many factors have been used. In a five-factor model,
the secondary sulfate and coal/incinerator combustion factors were not
separated.

The first source factor contained a higher contribution of CI~, Na™,
and K™, which indicated the possible source of aged sea salt. Ca®>* has
shown the potential source from crustal origin. The presence of SO~
may also originate from soil particles and the possible mechanism
could be the aqueous-phase oxidation of SO, in cloud droplets (Pandis
et al., 1992). A combination of the four elements (Na™, K*, CI~, and

Mg? ™) should provide a reliable signature of marine/crustal sources
(Sharma et al.,, in press).

The second factor was characterized by NO3, Na*, K™, OC, and EC.
The highest contribution percentage (94.4%) of NO3 to total nitrate is
presented in this factor. The major source of nitrate is the conversion
of nitrogen oxides emitted from high temperature combustion sources
making this factor predominantly secondary aerosol. OC and EC have
been widely used as tracers of vehicle pollution, which also indicated
that a portion of PM; 5 in this factor was transformed from the vehicle
exhaust. In addition, it is possible that the NO3™ ions bonded with cations
such as Na* and K, forming nitrate particles (Kang et al., 2008). Many
studies have reported that formation of nitrate depends on the temper-
ature, atmospheric levels of NOx and NHs, and relative humidity
(Seinfeld and Pandis, 2006; Heo et al., 2009). This factor was character-
ized as the secondary nitrate aerosols.

The third source factor was primarily characterized by SOZ ~, which
has been identified in most source apportionment work. Sulfate was
formed by the oxidation of SO, and assigned to the secondary aerosol.
As the conversion rate from SO, to sulfate is normally slow, this factor
was most likely from long range transport, rather than from local
emission. This factor was identified as the secondary sulfate from the
long-range transport.

The fourth source factor was dominated by OC and EC. EC is consid-
ered to be the main tracer for vehicle emissions (Kim et al., 2002; Sardar
et al., 2005). The sampling site was located in the urban area that was
influenced by vehicle emissions. 72.9% of total EC is present in this
factor. The hourly mass concentration of this factor illustrated the
daily variation with high values occurring at rush-hours. This factor
was characterized as the direct emission of vehicle exhaust.

The fifth source factor was characterized by CI™, OC and a small
loading of Ca?™. Cl~ has often been associated with sea salts, coal
combustion, and municipal waste combustion. In this work, sea salt
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Fig. 4. The explained variations of NO,, PM,5_10, and PM, 5 with and without RH-correction to by between the stagnant weather conditions ((a)-(c)) and transport weather conditions

((d)-(F)).

was not the main source of CI~ because the ratio of CI~ to Na™ was sig-
nificantly higher than that in sea salts. Marmur et al. (2005) reported
that C17, Ca, and OC were the tracer species of the coal combustion.

Table 2
The explained variations of major NO, and particulate matter with and without the
RH-correction to the light extinction.

Weather RH-correction ~ Number  Total Fractional variation
condition variation
NO, PM,5  PMas_10
Transport ~ Without 104 0.65 0.17. 045 0.03
With 104 0.67 0.02. 0.65 N.S.
Stagnant Without 339 043 N.S. 043 N.S.
With 339 0.76 N.S. 0.76 N.S.

N.S.: Non-significant.

Raja et al. (2010) also indicated that unlike sulfates existing as potassi-
um sulfate, sulfates from coal combustion are expected to be incorporat-
ed in the secondary aerosol factor. A coal-fired power plant and refuse
incineration plant were located in proximity to the Taichung urban
area; therefore, their contributions to this factor were assumed to be
coal/incinerator combustion.

The sixth factor consisted of a large fraction of NHZ, which is formed
from its gaseous precursor (NH3) through gas and aqueous phase reac-
tions with acidic species. In 2010, Taichung City covered an area of
2215 km? and had more than 2.5 million people. However, the percent-
age of the population served by waste water treatment plants was ap-
proximately 35%. The NHZ aerosol was most likely related to the
contribution from local sewage emissions. The conversion efficiency of
NH; to NHZ aerosol depends on the level of ambient acids, temperature,
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Fig. 5. The contributions of ions for the six sources identified by the PMF. (a) Marine/crustal aerosols, (b) secondary nitrate, (c) secondary sulfate, (d) direct vehicle exhaust,

(e) coal/incinerator combustion and (f) local sewage emission.

and water availability. As shown in Fig. 6(f), the trends for the time se-
ries of this factor's contribution and derivatives of secondary nitrate
were similar during the stagnant weather conditions before December
15. The correlation coefficient (R?) of the hourly PM, 5 concentrations
between the secondary nitrate factor and this factor was 0.71 suggest-
ing the local sewage provides the urban background ammonia
emissions to be bound in particles as ammonium nitrate. The low
concentrations of NHf may be due to inhibiting the micro-biological
degradation and ammonia evaporation on cold surface, which caused
the uncertainty after December 15.

3.4. Reconstructed PM 5 and light extinction coefficient

The PM, 5 mass concentration that was reconstructed by PMF was
correlated with the results from measurements. It has been observed
that the average of the total ionic mass (sum of the concentrations of
the cations and anions) concentration contributed 56.5% of PM, 5
mass, whereas, total carbon (organic carbon + elemental carbon)

account for 31.4% of PM; 5 mass. The comparisons between the recon-
structed and measured PM, 5 mass concentrations showed that the re-
solved sources effectively reproduce the measured values and account
for most of the variation in the PM, 5 mass concentrations (Fig. 7). The
difference is believed to be associated with the bias and uncertainties
of factors, such as the sampling artifacts, species analysis, incorrectly as-
sumed molecular forms, and sources unaccounted by the PMF analysis.

The hourly reconstructed mass of each source during the sampling
period is illustrated in Fig. 6. As shown in Table 3, the average recon-
structed mass concentrations of marine/crustal aerosols, secondary
nitrate, secondary sulfate, direct vehicle exhaust, coal/incinerator
combustion, and local sewage emission were 2.5, 3.8, 12.4, 2.2, 4.2,
and 2.7 ug m~3, respectively, during the transport weather conditions
and 3.0, 5.1, 19.5, 10.1, 14.3, and 3.6 ug m—3, respectively, during
stagnant weather conditions.

Among the reconstructed sources, the secondary sulfate was the
most abundant source of PM, s, and it has contributed 44.6 and 35.0%
of the total reconstructed sources during the transport and stagnant
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Fig. 6. The hourly variations of reconstructed concentrations of PM, 5 for the six sources identified by the PMF. (a) marine/crustal aerosols, (b) secondary nitrate, (c) secondary sulfate,
(d) direct vehicle exhaust, (e) coal/incinerator combustion and (f) local sewage emission. S: Stagnant weather condition; T: Transport weather condition.

weather conditions, respectively. The contributions of direct vehicle
exhaust and coal/incinerator combustion during stagnant weather
conditions were significantly higher than that during transport weather
conditions, which was primarily a result of the accumulation of local
pollutants during stagnant weather conditions. The contribution of
marine/crustal aerosols source to PM, 5 mass increased from 5.4% in
stagnant weather conditions to 9.1% in transport weather conditions
because of sea salt transport. The secondary nitrate source had a higher
contribution (13.8%) of the PM; 5 mass in transport weather conditions
than that (9.2%) in stagnant weather conditions due to the low temper-
atures and high humidity that facilitate the formation of secondary
nitrate particles in transport weather conditions (Choi et al., 2013).

In this work, a multivariate linear regression analysis (MLRA) was
applied to derive the relative contribution of atmospheric extinction
sources to bey;, With bey used as the dependent variable and the

reconstructed PM, 5 concentrations used as independent variables.
The MLRA algorithm is presented as follows:

bew = Z,-Sai * Cf gy * [PMy 5], 3)

where bey is the measured extinction coefficient, [PM,s]; is the recon-
structed PM, 5 concentration of source i, Cfgy is an RH-correction factor,
and a; is the fitted MLRA coefficient of source i. The reconstructed bey; of
the local sewage emission source was not discussed due to the insignif-
icant result of the MLRA.

Fig. 8 shows the hourly variations of the measured by, and recon-
structed bey during the sampling period. The correlation coefficient be-
tween the measured bey, and reconstructed be,; exhibited a moderate
correlation, with an R? of 0.70 and slope of 0.88. The system discrepancy
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Fig. 7. The simple regression analysis between the measured PM; 5 and reconstructed
PM; 5.

between single-point chemical measurements and long optical path
measurements may be the primary reason for the residual variance of
regression between the measured bey and reconstructed beyt.

Table 4 compares the reconstructed light extinction coefficients and
contributions of each source between the two weather conditions. The
bexe Of the source of secondary sulfate, direct vehicle exhaust, and
coal/incinerator combustion in stagnant weather conditions was about
14,3.3,and 3.1 times that in transport weather conditions, respectively.
In contrast, the bey, is similar between two weather conditions for the

Table 3
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sources of marine/crustal aerosols and secondary nitrate. The source
of the secondary sulfate made the largest contribution to the bey: and
accounted for the similar contribution of bey; between two weather
conditions. For the sources of marine/crustal aerosols and secondary
nitrate, the bey contributions had lower value in stagnant weather con-
ditions than that in transport weather conditions. The bey contributions
of direct vehicle exhaust and coal/incinerator combustion in stagnant
weather conditions were 2.0 and 1.9 times higher than in transport
weather conditions. Therefore, the extinction in Taichung was inten-
sively influenced by anthropogenic sources, especially by direct vehicle
exhaust and coal/incinerator combustion source in stagnant weather
conditions.

4. Conclusions

The characteristics of ambient extinction coefficient and aerosol
chemical compositions in the transport and stagnant weather condi-
tions were presented. According to the classification of the weather
conditions, the application of a PMF analysis provided a successful
qualitative assessment of the hourly contributions to the PM; 5 mass
concentration of marine/crustal aerosol, secondary nitrate, secondary
sulfate, direct vehicle exhaust, coal/incinerator combustion, and local
sewage emission. A multivariate linear regression analysis of the recon-
structed bey: against the identified sources of PMF analysis was conduct-
ed between the two weather conditions. The secondary sulfate was the
most abundant source of PM, 5, which made the largest contribution to
the bey during the sampling period. The contributions from direct
vehicle exhaust and coal/incinerator combustion produced more of an

The average concentrations and contributions of each source during the transport and stagnant weather conditions.

Sources Transport weather condition Stagnant weather condition
Concentration (pg m~—>) Contribution (%) Concentration (pg m~—>) Contribution (%)

Marine/crustal aerosols 25 9.1 3.0 54
Secondary nitrate 3.8 13.8 5.1 9.2
Secondary sulfate 124 44.6 19.5 35.0
Vehicle exhaust 2.2 8.0 10.1 18.1
Coal and incinerator combustion 4.2 15.0 14.3 25.8
Local sewage emission 2.7 9.6 3.6 6.6
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Fig. 8. The hourly variations of measured bey and reconstructed bey, during the sampling period.

Dec/13 00:00

Dec/14 00:00

Dec/15 00:00

7] Factor5: coal and incinerator combustion

] Factor4: vehicle exhaust

[l Factor3: secondary sulfate

= Factor2: secondary nitrate

B Factor1: marine/crustal aerosols
— Measured bext

Dec/16 00:00
Dec/17 00:00
Dec/17 00:00
Dec/18 00:00
Dec/19 00:00
Dec/20 00:00
Dec/22 00:00

Dec/23 00:00

Dec/24 00:00

Dec/25 00:00

Dec/26 00:00

Dec/27 00:00

Dec/28 00:00

Dec/29 00:00




228 W.-N. Chen et al. / Science of the Total Environment 497-498 (2014) 219-228

Table 4
The comparisons of the reconstructed light extinction and contribution.
Sources Transport Stagnant
Dext Contribution  beye Contribution
(Mm™") (%) (Mm™") (%)
Marine/crustal aerosols 36.0 84 324 4.6
Secondary nitrate 99.6 233 106.8 15.1
Secondary sulfate 207.5 48.6 298.3 42.2
Vehicle exhaust 40.4 9.5 133.1 18.8
Coal and incinerator 434 10.2 136.3 19.3
combustion

impact on visibility degradation in stagnant weather conditions. There-
fore, the reduction of the pollutants based on a reduction of direct vehi-
cle exhaust and coal-incinerator combustion could effectively improve
the visibility in metropolitan Taichung.

To the best of our knowledge, it is rare to reconstruct the real-time
bext contributions of each pollutant source through the receptor model
analysis of hourly ambient visibility and aerosol chemical compositions
especially for Northeast Asia. The application of more time-resolved
data can not only improve the efficiency of source apportionment, but
also help to identify the influence of various sources by using time series
analysis. The results of this work provided the useful method to
determine the priority policy for improving the ambient visibility.
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Abstract

Hourly measurements of meteorological parameters (temperature, relative
humidity, wind direction and wind speed), particulate and gaseous pollutants (PMyg,
PM,5, Oz, SO, CO and NOy), chemical compositions of PM; s (water soluble ions
and carbonaceous materials), and vertical distribution of aerosols were made from
February 28 to April 6 2014 at Hungchen in Taiwan. The HYSPLIT and hourly
measurements of meteorological parameters were applied to distinguish the weather
condition.

In this work, four types of air masses were identified as Anthropogenic
emissions from Kaohsiung and Pingtung area, the land breeze, northeast monsoon and
western sea wind. The four types of air masses can be directly characterized as daily
variations with sea wind (northwest) in daytime and land wind (northeast) in
nighttime, the prevailing northeaster with strong and cold wind, and the prevailing
light breeze from west, respectively. The downwash processes were verified that the
occurrence of peak in biomass burning tracer concentration was consistency with the
period of downwash transport in the ground station. The vertical distribution of
aerosols measured from the in situ LIDAR and the vertical wind section simulated
from the meteorological model were used to define the period of the downwash
transport. The biomass burning pollutants from the Indo-China Peninsula were
regarded as the tracer to observe the downwash transport of the upper atmosphere.

The pollutant characteristics of each air mass were found in this study.
Anthropogenic emissions from Kaohsiung and Pingtung area with primary
photochemical pollutants led to the serious pollution at Hungchen. However, the
concentrations of pollutants were quickly reduced when the wind was changed to the
land wind. The pollution was related to the long range transport of polluted air from
Asia in the prevailing northeasterly. During the westerly, the air quality was the best
during the observed period. The ambient aerosols with the CI'/Na” ratio of 1.5 (similar
to the ratio of 1.8 from sea salts) were characterized as the oceanic transport. The
long-range transport of biomass burning from the Indo-China Peninsula affected the
air quality at Hungchen through the downwash process. The aerosols were
characterized as the high proportion of biomass pollutants. The comparison of Lulin
station's results showed that they had same biomass burning source, mainly
influenced by Indo-China Peninsula’s biomass burning emissions.

Keywords: Indo-China Peninsula, biomass burning, downwash, photochemical
pollutants
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F B AP Fﬁ:?(RZZO.84) SRR E I ;’rw;g, 52T

bd s 2§ 4 FRERET b AT ] B R RIS 0 Chuangetal. (2012)
- Bt EP AN ELDEREE *é‘\w%i%ﬁiﬁi BT &P A5 LR ¥
AR EBRIR e R JEd F RIS A R ek R LRI A
FLH ARG CERF ARG S TEF R BEREFRE N A e =R
F e PMos § BBAFEE L > F v B A S LG B A T B g R
ViRt BBk BB T PMasgo® Ca¥ty F BN o e A HE T %
vIE P RELRIDIY s L g4 ﬁﬁ"‘l’if'i‘s%év’ﬂﬁifgfi’? REEAYr SRR~ F @%J
o

f]-*ci Fdeng im0 S@E R EERENLNEL ST TR
T o RARLRTRERPITSAFESFRETR %““'ffﬂf@ﬁis?l°&4fﬁdli?'l'“
PN LR ML E o d MR AR R (2,862 2 % )BT AR LT iERC]
A BRI %i@@l B A eng B o Leeetal. (2011) & ﬁnh A gl 6
o PMys T3k R e a X § 2 FREREDE L 175 nug m3s H¢ s pT
BETE40pgm®y rpEF Y KUERABEER T p kA > B kA
v LA FRES LS T Sd § f@ﬁiﬁ%%‘%ﬁ& > Yen et al. (2012) & 2010
£33 40 AT ES AR R OES R F R GY s X A TR
EER AL BRI EES > T ARG A A 423 850hPa F ehd koA 0 Kd b
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A Mﬂ

FREsAyr il BEms o8 g8 BEF R BELY 7 i

g4
;}f _ai‘?ﬂf‘,z{;ﬁ m:r-‘f«rr'%ﬁ‘

n.,L

+ 3

33 WAL AAL A SR B
cE TR RSB a thE "5{35% BiFXMEBERETRL DR bR
EMFIFF O FEZTRPLHPEE TR AE X :'-/3—@%1 o PR Y B A PR
975 Jo proe 0 @%J;L-ﬁ—iw - B A 5 # % B % (Chang et al., 2006a; 2006b; Bae et
al., 2014) 5 § TR B ERRBEF S SB AP OF AP MA AT RS F 5L AR
B Fl(Tsuang etal., 2003)c -~ %+ T 2§ S FX 2 F ARBE KRB FEH o
Poa il HB F]N P L LR R G0 bR AT Y OP RRIRGE ’F RUE A IR R AN
Rk AR E R WA 2 F ST RECRFRE, 2005) -
—@%Q»&Pmpcoahmxz%g%ﬁﬁﬁ»;ﬁﬁ4%%agﬂg

Feigidgita L PP B3 B & AP M 2(Smith et al., 2001) - k@ PMyg i3
g R p b B iﬁﬁmga‘e#ﬁ{ v 5RE4fed #4€6 (2005) A3 1994 & 3 2003
&;ﬁbﬁiﬂ?r%??if;?'%é% BROMAPWEE F AR BFLT o2 L5

b PMy & & 1L B o 5R 018 4% 3 (2005) A 47 TR Bk AT A AT SR sb TR AR T 0 % 7
KL FERToXFRHEATHEFT X F YR EFAFFNE O3 Bk et
LI 2P B S5 FAFEP S H oo X F BIRART b PMy 38
% ; # ik PMys 1148% - Chang et al. (2010)1c & 2002-2008 £ = i8¢ A 38 e Az &
ﬂ%g% »JUI* EF P Ogmax RK&FAK A4 > §F P Ogmax = ** 100 ppb 4p 3t
& B Osmax-] ** 40 ppb s71PM2s~EC~OC~NO3 2 SO,7> # ik & 5 t5 A B] % 124% -
78% ~ 72% ~ 130%% 127% > ¥ CO Jk &~ 3§ +4r 35% » st % FH M 55 7] ehx § &
B F 4 = FagEd g % o Parketal. (2013)41 % COINOy % § i #uf™ 5%
FHEFAKRE F kR MR EDE A LA BER TR 240 WA PR
%aﬁ@ﬁiﬁ’ﬂﬁ#%ﬁ§$cmmxa%%&wwgOC%%ECﬁK+
B BAPM M- K2 RF T kiR TR 54854232
H54£H 5 M CONOy ® ;%7 EC~OC 2 NOs ek & % i 48% 48 I - Cheng
etal. (2013) s # ~F M LN S BRE P B PEZ A RBFTY C BED R P
G RF RS TR RIS L4 FREDT R o 4 FRiEer e ahge F Rk
PMys 9 37% > & OC 22 EC @ BlA Wik 3 70%% 61% » @ § ¢ szt 4 K'
BRI o P - K i s VERRHE A TR RS A KR 2
RiRE T R R At > B 70 ARk IR TR R R AT
Pt chd T A4 6 A0 5 F eiRd BTIH 6 B % - & Baeetal. (2014)
BIERAY Gt SR HT LM el TRES LS T LS f E5 R
FAZGERFER R 54 P 5H0C & EC Ik A& H - Yu etal.(2013) 2 PMF
(Positive Matrix Factorization) = #8 ;% 2| %74 % 2010 # eh% & ¢ Mg ~ & enk
oH ﬁwiwpmﬁgﬂk&mp%wwﬁ%ﬁaéaJ;:ﬁmﬂ%@y
13.8 ugm™ ( 26.5%)~ ;% #% # £ (Cu~ Zn~ Mn~ Br~ Pb ¥ Ba)8.9ugm™(17.1%) -
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7 1b sl g 47 (C, Se, V, Ni, As, and Pb)- 8.3 mgm™(16%) - i A7 B-(Si~ Fe -
Al~ Ca~ Cr~ Ni~ Cu~ Zn- As-~ Ba £ Ph)-6.6ugm™(12.7%) ~ # B
(K)- 5.8 ngm™ ( 11.2%) ~ A= 3 48 &=(Mg, Al, Si, Ti, Ca, and Fe )— 5.4ugm™ (10.4%)
2 & F4e 1 B 42(Fe, Mn, AlL V, and Cr)- 3.1 ugm™® (6.0%) o @ &% # * £ &5 4 &
Tararioeigrer g 4 g % K~Cls Se~ V~ Ni~ As2 Pb 5 4 -

Fangetal.(2004) & B » @ B 302 5 ¢ 1 ¥ F e ROFAcR B2 > 4 2 A 33t

AR T I EARE RS L L I E R B S L KRR AL R
WP 5D 30 Rl BACR T A RiR e NN EFEH P 2 RFLPF NiR o e
B AT E P EATE D T AEFLR > 9 60-66% KA 5 RITL o F T
AF Eg 4 pE ?%1}57 75 s PMos iick 1 & Kk o> ,,r]ﬁff%i‘?" PMa s ficik
FE27%; v 2L % & p pF s PMps i cnd R 5 R F kp tRF AP S
—p\fﬂ?%ﬁ.m@% Beh s R RER FHURATE AR P TR 0 A RO RUTEITDE G
Fid i r.f%iﬂ””"? € Frhp TR S o TR EAS TS R T
Cl"~ NOs ~ Na' Mg2+ Ca®'#r Fe i & & ff .J_u;q?%r%l SO4% ~ NH," ~ Zn »
Pb £ Ni i & & iF fiwir /S 4 Fl(Tsuang et al., 2003) » @ p & jick s i & or
Clgr Na' ™ = £ 3]% Rk @éi%l L@ k& # 4o (Fang et al., 2002) - Cheng et al.
(2009) te & ¥ B B FHT G OB P B VHED Y PMys 82 PMpsgg ik B A 5] 5 123.6 &
315pugm™>> B AH R PMos® CI~K'2 NOg A w| % 2L 8 7 11.0+6.7
and 55 & > =7 ¢ e dpsS ek ? ik R (FK)E 483 doesk s @ ik &
(CK)ert b sk 274 B obiendp il » B 5 Ao RS B & 2L R & FK/ICK &

5 10.7 & 3.9 - Ryuetal. (2007)4; 1§ %4 ¢ FKICK %3 92 £ 7 § % 3|
4 R RER I

2004 & 9-11 " S a i ® TR 3 ¢ A n o AR A AFH TR E K &

5 3202+2738m > @ F S APREH TR E K F & 5 277.08176.8 m o BT &
AP <o # R %]ﬁ Mo EREEMENE L5 &2 DT 7f b oo AW
ARAGMHSERF AR > HE A A PERARDT 5 I - SO,
>NO; >NH, > &3 & &4 % Na' -~ NH," ~ K"~ Mg®* ~ Ca?" ~ CI' ~ NOs v SO,*
SAFRE 0 2 B o RAA O AT ABST A F B NH," ~ K'f= CI
ER YA T R SFLAFDETL KR $ B R BRTE A ¥ - AR
R A ﬁi.ﬁsm%ﬂ‘fiﬁﬂﬂ‘fiﬁ‘_% Rl Flm o ik 38 4 ¢ ,f;)i; 3 PR iR
% (% 4 15,2005 ; Hsiehetal., 2008) - 531 » 4% 22 B L s 3 /1 i/% ES-
Wap s oo F R AR IFHCR W Ao hE 2§ ¢ 02 0.1-1.0 pm Sk 5 A & 3 4 i
oo BP? FApINO, 2 SO~ W 2 f# P IRAZ GRS F - T ¥ &
Heis 2 0.um A s eng 4 4 o Linetal. (2012)F 5 B L ¥ % ehf * B AR
M T PMps/PMyg 8w ~ PR /P 2 P 2w 5 057090 2 0550 &
TR A 4 S himk Sk A B OC & KNG kR R tFE % o
foo A e fE ik PMas 4 W] 5 70.5%22 2.28% » i 4 OC ¢ K' 5 B gt gent
% Jp#5-4~ 8- Wang et al. (2008) 1 * CMB = #8 #i-3% (Chemical mass balance, CMB)

< au\
S

{

35
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AT B LT (P8P )8 (R ) i 4??;%57 ’ .4%&’;1‘—? EQUETR i A N
A5 5 4R (49.3-62.4%) £ T4 r}%ﬁ(siz -37.8%) 0 @ VAR B OBCE RO
'#(25.3-50.4%) ~ 474 14 T 5p(27.2-34.3%) % #5657 4k (12.0-26.9%) 5 1 & 54 K
T REAA RS S A KRR §F TR o

I = F}imﬁ-{blﬁ%]i SRTF P AHEFAT L2 RS %ﬁi@ﬁ%l
PRI LB NFEVELI6 ) ad X § Rt 312 )
RIS RIIE S AP A IR F IR R 5 40k & A 4 (Liu et al., 2006) - Chang et al. (2010)
SRR F SRRy A T L S F’*’tmﬁ#@% gy 7 CO~F F 0P
(NOx =NO+NO; ) ~ SOz ~ O3 ~ & jichch g & ;}a)i(PMlo and PMs ) » & P% Y $cdi
377 2006 # 37 4 F 05 R4 BT F R RIRFERH L KA BET P
Tiﬁ';@ﬁi%]s‘ﬁﬁit‘ s o AR AR R R g d A e ok B A S P SO, -
Og#r COMEA N Fh Bl o ms % - NOX bl BpF e G P RS 4
ViR F A f@ﬁﬁlsﬁﬁ_v‘ © F R A EL g o Lin et al. (2005): % 2000-2001 =
PEZRPBTOZTF ARSI RANLN A bR ﬁi@ﬁ%ﬁﬂ%%ﬁ PMyo ik A&
¥ 41 30ugm® > CO & SO, r’v’ﬂ?ﬁ%\ % 230 22 0.5pph > M pia B R X T ep
TERSEF R F LR & r,f;w AL I Fe 0 U E A PF T Ry o
34 < F F BEREFIE
T Fes 44t 30°N~45°N g B & (0~2 km)£# 20°N~45°N it f o
i & (2~5 km) 3 @%‘]mﬁvﬁxm,f.}l i R oo m TN R A ,"* e @%JmT
B o B ﬁ*éﬁiﬁ%@#ﬁiiﬁ?\:é“‘[&]w’r%i%'**’i% LTE®REP O FTLAY €N
¥% aﬂfk 7 lﬁ]%ﬁﬁlﬁ%i bt IR Rl GBS L IS I B Y e
ZEF I SRR E c X AR *ﬁ'*ﬁ% Bd-E A 'ﬁma‘fff* s Fp I & R Ho(k
F2 S HBEHR)NEAFFSFSLRFYLEAGEXTAEE > REFTLPF &
I e P EFFAFROTRIEEFLR -

Chen et al. (2007 a)¥2 Chen et al. (2007 b)dp &) I ') A Je 8P B 2 5 A 3 % 1
* Raman e L% § B -2 &~ F ot ¥ e g i BV (HYSPLT)ZE P
kA FE AR R ’ﬁzﬁl“%%%;\iﬁ,//ﬁ;:%;ﬁ Bh ¥ NI A hiER e 1~6
kmenpd <59 o 52247 SR ETREFPF P aXid FRETLPE
Kol A fé;ﬁi%lf,!ﬁga@; Ao Wangetal (2012) - ja3+5 @ L E 5 appl %
FRRpWP e LB R F G4 km) A2 FRESLF AL IBEF
Mo SRET R ALBRIANEL DB F AREEPIEERY TRERF D
LEAGAREAENA DTS HFAR Y R L E 2 FREFY o

4 ke g g R I R(EC # ocwkm Ao #9 EC(RAR)H
BC(2 #)eni5 4 4514 4p 12 (Salako et al.,2012) » BC #F = I §§ & e fie 4 $iuig o
R FEBROERHT B SHBHE - 4 ﬁ” Fed2 Rz kA2
mERBERS O FRITRELFERORE > T o BC F R AF BREY B
AR fnil& er14 ¢ (Chou et al., 2005; Ramanathan and Carmichael, 2008) -

<
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'Wmﬂd(m%WVWWN%ﬂ % e %%ﬁ%ﬁ@@@ﬁ%?%%%&g
Bhex sk 1 Bc(Dap) FE 17-23% 5 A + 1 & F|3 o § b R ek ol & i
\-:'?‘-[i)(/] 5% > ¢—L§¢%F|T/ﬂ,lé,‘4$t)‘f W AR R R B o“FK’H\:’ 2y X2 gt T S
J i 2 ¥y sk e F](Chan et al., 1999) » @ 82 8840k thficn )5 ¢ FE ok
Aol sl ERE P EAR o B 1 PMys & 3 ﬁ’ﬁgﬂ—* » 7 % PMys ik
RAXF > H rig & ek A% 3 (Sloane et al., 1991) & 17 Ap BB > 47 3
B PMys # v & @& & (NH," ~ NO3 ~ SO.% 2 TC);%H{JO"«@(E*‘ BRIAM B
ﬁ*§ﬂ”ﬁiﬁﬁﬁﬁ€ﬁ%?mvQﬁﬂz%ﬂ%mﬂ+WMMmlm%
Yuan et al.,, 2006) o ¥ ¢t > % I AR5 L F E AR GHEHB LS €5 T oo
Chang et al. (2006) # oA~ 4 ;74 F 2 HF 5 5B 247k k> B A 5773497
Ak F Mo A ERFEF AR AR RE L RN B ERT R
e pick s A g B oo

)

énh)
34 I‘"}%

35 =7 5 A A *"fi"]

Galindo et al. (2008) et @ & & M ja b R B RIEREHT 0 TEF B
bt55 0S50, 7 P g C AN B R TR BAPEROTE B £ 8 A PMpg ¥ PMys
FRY LG B A bl AR E N AR T f R e AR BvE S 3 4
HEALmb S %Y 2 8 kRS L FEF A0 2 ¢ % - Kumar et al.
(1998) % % & Fresno ¥ %% T 5 B E RGBT - w2 el PMys § %%
FRES? (b B At Gl $5 46> 220 EH PMas§ B R 37 @4 ¢
AZi S0%ch= kA plphde > Byt g R - A EAEAT I HIE 2 (F 0 Bt
FH G egpehg F EMET I FApARe AR R B F AR F O IR
AL 10-20%0 0 b o F PR e i%gg}}\ﬁ_:ﬁrzé T4 0 PMas # Rl eh
20-4096 > e B 2igR g T PMas f % ¥ ehF kS A R0 Bl i o PMos f % ¢
SR s VI A SRR G U S S TN e STRNEN SR
M S B B GRRT OBRARE N F R AL TR R L F F R R
(= A S N N e 2 X L+_f$= i 64000 km? # F & N IRIE B - hE 3
4% % oWatson £2 Chow (2002) e — # % d & p it ch B RIE S {2- HEP
P ER RV RERC :’zﬁ?iff‘?”ﬁrs‘}a)imﬁ AFE oL RA My R
FRPEFROFALRIRAFR > § ¥ A X B RIA FERI &P B2
ME A 4e 2 R PAH ek B P R 0 R A TR 247 R 5 5-10 A 45
BRI A P H g .

Chu (2004) 4 +7 2000-2002 Speciation Trends Network 7 PM,si5 % % i > 3
TR AR PM25r§ AREEAF-FEFT OSSR AL FNE LT EY B
SEREEAF RS L EFERPMs i B s P HEZERTAHE S 4 X
St B 5 EPR Ik oWang etal. (2005)~ 47 #* % # % 2001-2003 = & s PM,si% p 5 %%
e SHEPEFAUAFETEFFEBEEN S FRAR RE D STAF
BARM R BB AL TR AT R EF A P AR ER B R T



FHBRER CBEMR T T F RER S AR TR EOR FIREF]
FARACH BT SRR 4 K SO B Bk - BB S A f
B RBRBEARBF AL YL IR RERR LS T PP - Calvert &
Stockwell(1984)4p 1 & F wmgﬁ Y o e gt 2 KRS OHE - 5 b
FiE ZF gk o 2 Y OH kR ™ il L4 g BT ehl § &9 prenk it £
R*tA 4 > DeMore et al. (1983)s#7 5 % %% OHr = § i § & ui# ¥ 5 OH
BoF R RBESFHI0OR > FIAFAPE BT > 2 F oot R
L Fn 4 PooStein 2 Lamb (2003)3F 2 ek it F BT F § P S pTA AR T
VHRBBFRNISPT FRF A FPIF P RARKEFILZHE)
pLREp A ke Ak FE § T e §3 F?S F 3t pvgd A p
CF O BE AF AT RE mﬁﬂ&» AiEF o RE RE
P F BB I XA R Hﬂm* * o t&;’%f’ FECPRARABQEY
54 %) “%Eﬂ%m4¢ﬁ%iﬂﬁhiprﬁiiﬂﬁ’iiﬂﬁﬁ%
RERSFPEF P2 IR DA EBF RFSF
AR A X H L RETF § 0o & J‘%i& Sl e %
d s Ak en BECHC XA MERF BRI IRE o

v

vﬂ,



=Y R
4.1 BLip| pF R
AL epEpIER L 2014 227 28p 2 47 6P ’v‘@ kA E 3~4
kBB D B E A @‘r’x“%;}%*x’w PR Y s X E g iigd
MNE LB RF T F&ﬁﬂ*ﬁif‘l”\h—_/»rﬁﬁaﬁwa@r/ PR oo

4.2 BLip| & B
AT HEBIE B LB ARRT AL FE RN DTRS T

(22.06N,120.70E, Tm) > /& 4 &i= B 5 L § + £ Rre Flodg A3 e
FRRPEFRB T REY L LR F F AT SRR R oRlTT o EF L BT A
E#LV g3 Ee Y THARFORpF DL OFREFR FP L L% gk
FITEELERED LR AEE > A A TR R FR B w B A8 T B
BAE G TLE LR o

2010 # Lok At BT REBPIDT HHHPF Ly FiEET o d
rs)%] ko Fﬁf_@% g ?’fL’;%ﬂs#L#wfr;tT FEFRIE Ao BETF ST

R - 'I}Eu? BT or g RSk e B P L R BEIT T R

W&mi<ﬁ4&’* HENEE B TOE B3 FURE ot Y
L RF BB

.N

43 BLRIK B 81> 2

“%ﬁﬂﬁﬁ%*%%@ ﬁé#*ﬁa’ggﬁﬂgﬁﬁﬂ
P LT RERSEY omEEE LR E i£ % su(Lidar, Light Detectlon
And Range)(4- ] 4-1 #7577 )i (7~ § § Phend E SiTRE A AT A T A T

F o= £ P3K & (In-situ Air Composition Measuring Equipment, In-situ ACME):& i
FAMLESBRR R RGP I E D 43 2003 £ 7 B gk oK

M-

% Vi F F i 4 £p|(Chang et al., 2007) £ 2013 & e ¥-ki3 125 i % p
2l £ #@ % F ~CI'~NO, ~ NO3 ~ SO/ ~ Li* ~ Na" ~ NH," ~ K" ~ Mg*
= Ca 211 fE-kp a2 F R e 20 A4k R %1 In-situ ACME(4- )

mwmﬂ*€$ﬂL@waﬁm\+Wﬁﬁﬁmwwwm CESEE RS
FEFREAEFRCEFALITE Ao 0T F RHRKE S 16.71pm T
BT SRk :J‘»sasa‘%sﬂe BB AR N T e T A B AR 17 PMas st PMyof Bl o
RIS & A (SRR F it A o B ¢ 10 lpm Rk vk i d denuder qc B F
PRy L BTIpmA » ey T EEEAN Y B e ER
Aﬁﬁgw@@wc VTR F 10 lpm Bt F i r F R AL FRFY 05D 3
BB A £ L GiEe o £ o0 10 Ft'}fﬁ—?'% PR T f R T RPN
Dﬂmmr%mﬁﬁinﬂ/hk%ﬂ’%h*##ﬁi e i~ B
+ % 47 k(Chang et al., 2007) o ¢+ b » 12 § 9 & £ 3P 38 H < oric b ehfk 57 7 4R
O i ix 3 A 17 R (Aurora Model 1030W) 4 &) 4 45 § ¥ ¥ § gl Fenk B o
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FARTED F R FRERRF A, TR NREF EES S 4 g2
$Epsk 0 3 & % PMyg~ PMas~ O3~ SO, ~ NOp~ CO~ B A& ~ AR¥HBA ~ B
“how s XA p o pEELR @ 122 & * NOAAair Resources Laboratory £
# e HYSPLIT #:5¢ (Hybrid Single Particle Lagrangian Integrated Trajectory Model)
(73R F it 20 % (Draxler and Rolph, 2010) e HYSPLIT %550 v & 4241 % B
ARREAET PIERGUNPRNRBCTRE FA PFFE TRER
R e FE R A ~ BHEBERR o A E 2 HYSPLIT H28 Wk % % 2 48
P AF BRI DF PR KR kR o

(E

B 4-1 i (Lidar)

A B.

T T T T T In-situ IC =
|[iinspineresa | :
: |
| e :
Particle Inlet : I Jo i~ F phde | - i |
! v # I
| e e rrs | ¢l .
D[ Tag o ot o AN
: ES gl !
| v R
S AR R RS iy K |
| A A s N :
| v 7 |
o iR Bl S B | L+ |

¥ In-situ IC

A 38T A PR

1
1
:
£ 4o~ B4 (NaS,03) * iR A :
1
1
1
1
1

Bl 4-2. A. In-situ IC % se7w R B - B. 5 * F 2= &7 % sL(In-situ Air
Composition Measuring Equipment, ACME) & 7 In-situ IC k kg2 ki35 %
;}7' £ /P & 5L o
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4.4 « § BEF I ) T
‘g’ifﬁ%}%}kxﬁ Bhoe REPHRE SR AR TR T AR R AR ET
FAEAleng 3 BFNY F R AT A R R e A F RS E A
= HRIT I % S -,-’,Llfi’—iﬁi@@m%%ﬁ @ﬁ;léﬁg‘ £ ok * ki (Lidangipl§ L2
ot > o R EF YT @%Iﬁ,%k
AR F R F L BB %$%“mﬂmﬁm&% Bk did =i
SHEIRBLEDNT MPRGAR) BFHIMEP Y T3 > FEL L KR E LM
&Uﬂﬁad%akﬁw&%ﬁiﬁkﬁ%ﬂzﬂﬁ%’%#ﬁ&&&&gﬁ—
Fet o 6 AR AR F RO A R eniE S T A ek B E A S
ﬁ&ﬁw&iaﬁ@@ﬁyou&1%%&&&%%&&*%&&1’iéﬁa
BT HER IR V- BREPFF OSSR 0 Y B P RIBIDR » §
PO EREE I PRDF T AR FF L ARG ERF R ERRLEFFER
o WS R AT b L AR T hER R AR LR LA
L THEREPHERRMN S B3IcA 2 k@~ g § 5o
45 5 L ot B8
SOBMBAFT PRI RBE S PR E S BT A Y
3+ ¥ § «h% i* ¥ (Nitrogen oxidation ratio, NOR) % #reng it & (Sulfur oxidation
ratio, SOR) > % % NOR 2 SOR A B & W Spf WG+ §F P B F 4 2 L 5 ep
NOs 2 SO% - H 3+ 8 2 ;%40 (Tao et al., 2012; Zhou et al., 2012):

[ @ £

1. Nitrogen oxidation ratio (NOR) =
NO3 (in ug m™)/ [NO3 (in ug m™) + NO, (in ug m™)]
2. Sulfur oxidation ratio (SOR) =
nssSO4 (in pug m™)/ [ nssSO4” (in ug m®) + SO, (in pg m™)]
%nssSO,7 = SO,.7 (in pg m™) — [0.252xNa’ (in ug m™)]
NsSSO, 4y 274 B enFipe @ » o “Fipl WARPL BArif 5 BT T Jrenmi @ -

4.6 340k~ 22 2 E Rlac
*2-4 % STATISTICA 7 (windows release by Stat Soft, Inc., 2003)i& {7 &

o470 g B £ 1 /i 02 Microsoft Excel 2007 2 STATISTICA7 #td % @ -
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I~Brazta
5.1 BRI £ Rl A 49
S.LIERF R FHREF4FIER
A3 E202014 820 28p 240 6P B AL A ERT S FERERR

R51 2Bl FF gFRE5 %#ﬂ:&&mfﬁﬁ“%'“ 3¢ R 5-1(@& ()5 < F
BR AR R &wg&@ﬁﬁﬁtﬁ%ﬂ’_iﬁWﬁWi%%iﬁﬁ‘ﬁ
iR R 2 b A W 5 23.242.7°C 74549.59% 2 7.4+3.9ms ™y & A5 5 B & 2013

FpERS S BB A u G 23.8425C ~ 72.649.3% % 7.7+4.6 ms”

Bl 5-1(C) = BRI #P F PM1g 2 PMyps & prAB % g it > o B 5-2 &1 *Eﬂ?F’“ﬁL
Fog i - Ko BB T T R A w5 39.2418.9 ugm™® 2 13.7+10.4 pgm’
¥ i d B 5-3 {740 PMyg 2 PMys cdp B 14 % i 0.85 0 £ 77 PMys 8248 PMyg ;};&:
MR S WY o

B 5-1(d) % (e) & BLp|HP ¥ O3~ SO, ~ NOy 2 CO ik pragdr 5 it » gLip|dp ¥ T
39k B & W] 5 48.3+15.7ppb ~ 1.440.7ppb ~ 3.0+2.7ppb % 0.2+0.1ppm o o >% ggLip] 3
BEY A RBILG E S AR S RRE R R F SO, hik PRk A F & 9 ppb 1
T P PR BLEGERYPEI L B L R Kg F o0 HTI 4«3’;}%%{,34‘#” NO, 2 CO
R R R RIS 0 @ Oz eniB PR R A% 20 3 100ppb 2 B IR < F A F Rl
ARFLR o d BLBIREV NP R O3ERRER Y THEF RBE LR
PpE SO~ NO, 2 PMps BB~ € IR BE B > L% x F TR & 2013 aof
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PM, 5 (ugm-3)
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y=0.4676x-4.5048,

R=0.85
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B 5-3 BLP|HP I PMys 27 PMyg e794p B 200 i

] 5-4 PMys # it 5 o & e 4 vtk i

% 5-1PMys g i* 5 e o (2 B 0t R

PMps Na* NH,” K Mg® cCa®* MSA ¢ NO, NO; SO~
PM,s  1.00
Na* 0.03 1.00
NH,” 058 018 1.00
K 013 0.63 014 1.00
Mg®* 006 054 -0.14 042 1.00
ca®* 008 046 -007 030 092 1.00
MSA -026 066 -024 034 078 081 1.00
cr 018 059 016 047 025 009 043 100
NO, 054 007 067 018 002 005 -011 026 1.00
NO, 068 -003 041 007 007 011 069 032 035 1.00
so,# 078 003 014 013 -010 004 026 015 007 037 100

Bold numbers are significant at p<0.05

16



M27F@ﬁﬁﬂ$@ﬂ;ﬁﬁiﬁkﬁuﬁ
AFFAIELAZAAFR T AR AR MR CTRIAET RS F IR
AoF AR EEREADR B ET NI R w‘aﬂﬁbm—ﬁw kEF B A
¥ 43;%%@?@,@%3;:&’.11 LA Eh AT AL T h4FF < /‘54@@1 M h @
%ﬁﬁiiwﬁﬁﬁﬁ%*%ﬁ%’ﬁﬁ&ﬁﬁﬁﬂ‘Q%Jxﬂ@$/?

T
(1) Kb HF 25 05

AR @EEETF 4R 55 4R R A 52 A LEBER S
.zwm@@:}ﬁ T T AERSMQLIC) » HF 32k 28 5055 F 5 (102
m/s) > % KA+ F Rk IQ%JE'FF”;» “HRABRPPERERME R ER DRE > H
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EEE Fi282 A FRPELL > A kR ET b PMystt 6] 5 80% > # ¢
so4 2 NH, W oldi g A s 5 379 % 1097 22 PMys4p b 12 % i 0.8 2 0.65 > &F
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5-2viarhf R FFTHERZBEF LT EEY F 0 AW 5 261C2 54
mis>a g2k sayr> e 297 F29 ERES 2 Oz3E/AR % £ 588
ppb> 12 2 kA 4+ SO ~NOg 2 NHy ek & 774 % 5.8 ¥ - Fang et al.
(2011);‘;;1 NBER O3 FE R ER A TAMBPIERR DA BRI FE A2
R *Kg T PINF L5 F 5 FiTand b Iﬁ% Ehe %o w5 1
e ® 035%\ @@,J - FRIVE RS LS 67’1/{71‘4]%[‘54‘#7' ahE oM
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K st F e LA AR YR oG A EgT (Na) s kA
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252 7 @B ETF T2 5 A5 R R

A Fh g b R BAEFE
H = N=485 WSISIPMas  N=6  WSIs/PMys N=69 WSISIPMas  N=65  WSISIPMys

PMiy  ugm® 427 391 6 265 69 307 63 48.7

PMps  pgm?® 400 134 6 55 69 103 63 19.2

Na*  ugm® 412 04 3% 6 05 9% 65 0.4 4% 65 04 2%

NH,S  pgm® 198 13 10% 27 04 4% 4 15 8%

K*  ugm® 338 04 3% 47 04 4% 62 04 2%

Mg?  ugm® 168 0.8 6% 16 0.7 % 12 08 4%

Ca®  pgm® 167 07 6% 15 07 % 12 10 5%

MSA  ,gm® 120 10 8%

Cr ugm® 404 05 4% 6 08  15% 62 04 4% 65 07 4%

NO,  ugm® 200 0.1 1% 101 2% 37 02 2% 59 02 1%

NOy  ugm® 344 04 3% 3 04 T% 52 04 4% 64 26  14%

SO  ugm® 404 50 3% 6 24  43% 61 36 35% 65 56  29%

Other 20% 25% 30% 31%
PMas/PMuo 0.3 80% 0.2 5% 0.3 70% 0.4 69%

SO,  ppb 429 12 6 11 69 12 64 2.1

CO  ppm 430 02 6 01 69 0.2 64 03

03 ppb 430 555 6 362 68 411 64 588

NOx  ppb 431 37 6 20 69 36 62 6.0

NO ppb 432 0.9 6 06 69 11 64 13

NO,  ppb 429 28 6 13 69 24 62 47
AMB_TEMP °C 434 2L7 6 252 69 231 65 25.1

RH % 434 699 6 69.3 69 813 65 827
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27 F @ﬁﬁli P XA E R AR 4R > Emanuelsson et al. (1954) £ Chuang et
al. (2012):}?, A F)AER R B ClNa st 5 1.8 A AR A 52
R BB EALAAGE R B2 TR GBS CI/Na FRER B
) 5 1.86 ~1.91-106 2 15 5% & BHF ii_%i’?‘);%fﬁiiij%fr LapalenE
CESE TR URREE SAS I SLE R T ot L F*ﬁi{b@ﬁ%]% BHEFEEALIAR
@5 Cl/Na" B R R B 4302 prid » 27 % 0 A E AP P > 1 L34
©F L RBE
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FEER Y RHETF L RRIT r F R U F BE FHA ,aﬁ#@%lm
B ® 0 2 NOR W EF 4p b ehig % > Parketal. (2013)47 &1 &% Rim+ i & %
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#75% ¥ NOg’ m;a FRAEERSE oA FRET S5 A BE F Ry
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ArEE NOsIKIF BER Bk T wjﬁzc fREE S o dod 5-3 o 0 g
A A S 4 e iR A4 (K)o A3 R R AR KRI RS 24 (NOs)
A FRER A e R T d 9 5 NOg mi«/ﬁz o e NOg e * § ¥ end &
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FERACERE K@ i My 3 8 0 R A 54 Rk
1y K@jmd pdps kp 2R him 290 b BT P18 L 5R
ARPELAFAERT RS FIMVREMERERF R EAR % Flot 8
EIO R 2 X A

%5373 I @EA T AN EE R

AATE TRk Mh B EFE

NOR 008 N.D. 0.07 0.19
SOR 054 046 051  0.49
CI'/Na’ 1.86 150 1.06 1.91

NO;/S0,* 005 0.07 006 0.8
NO; /K" 128 N.D. 1.14 6.54

NOR(Nitrogen oxidation ratio); SOR(Sulfur oxidation ratio);
CI/Na" % & ;& & +* (Emanuelsson et al., 1954)

NO; /SO, > % & ik B ++ (Henning et al., 2003)

NO3 /K™% # )k & v+ (% % %,2013)

N.D. 5 3% i P&

%547 @Al T K@ hed fhd codp b g

K pmE KA ER TR MR FEFE
NH," 019 045 N.D. 0.98
NO; 0.14 022 N.D. 0.93
S0~ 021 031 ND. 093

Bold numbers are significant at p <0.05
N.D. 5 %3 18 R 4%+
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Impacts of secondary pollutant increases on visibility degradation in Taichung, Taiwan.
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Abstract

Atmospheric visibility which is a direct index for perceiving an air quality can be influenced by air
pollution and meteorological conditions as the traveling process of visible light in the air is affected by the
scatter and absorption effects. The hourly variations of gaseous pollutants (SO,, O3, CO, NO, NO,),
particulate matter (PM1g, PM,5), soluble ions (CI', NO,", NOg", SO,%, Na*, NH,", K*, Mg* and Ca*") in fine
particles, atmospheric visibility and meteorological parameter were measured in summer in Taichung,
Taiwan. According to the two-tailed t-tests method, atmospheric visibility was significantly different at
RH<70% (low RH) and RH>85% (high RH). The contributions of air pollutants to visibility degradation in
the low and high RH atmosphere were discussed in this study. The primary results indicated that PM; 5, NO,,
SO, and O3 were significantly correlated with visibility in the low RH atmosphere. However, PM; 5, PM35.10,
NO,, Oz and CO were significantly correlated with visibility in the high RH atmosphere. Multiple regression
revealed that the PM,s was the major light extinction contributor accounting for 62.8% and 74.3% of
visibility degradation in the low and high RH respectively. About 8% mass fraction increase of nitrate an
indicator of mobile source was observed in the high RH atmosphere. In contrast, mass fraction of other
species were not significantly different in low and high RH atmosphere. The pollutant sources of soluble
ions in PM, 5 can be identified as the biomass burning, the secondary aerosol from anthropogenic emissions,
crustal elements and sea salts. The secondary aerosol from anthropogenic emissions can explain more than
half of PM, s variations. The enhancement of secondary aerosol formation especially for secondary nitrate
have vital impact of visibility degradation.

Keywords: Relative humidity, Soluble ion, Anthropogenic emission,
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Pollutant effects on the ambient visibility between the transport and stagnant weather
conditions during the dry period in Taichung
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Abstract

The air quality deterioration and ambient visibility degradation are serious environmental problems in
Taichung due to the weak washout effect (less precipitation) during the dry period. The hourly
measurements of soluble ions and light extinction coefficient (bex) were measured by the in-situ air
composition measuring equipment (ACME) and the long-path visibility transmissometer (LPV-3),
respectively. Depending on the meteorological analysis, the transport weather condition with prevailing
northeaster monsoon and the stagnant weather condition with daily sea/land breeze circulation were
identified during the observed period. The average percent contributions to bex by NO2, PM, 5, and PM3 .19
were calculated with the total variance explanation of 63% in the stagnant weather condition and 83% in the
transport weather condition. Since PM,s was significantly correlated with bey and had much higher
contribution to bey, this study assessed the contribution of visibility degradation by relating beyx to PMas
pollution sources. The positive matrix factorization (PMF) method was applied to identify five sources of
PMs: secondary sulfate, coal/municipal waste combustion, a mixed source of sea salt and crustal element,
motor vehicles exhaust, and local urban sewage emissions. The multiple linear regression was applied to
calculated the bey: contributions of each pollutant source based on the hourly PM, s concentrations of each
source estimated from PMF. The primary results indicated that the bey contributions of secondary sulfate,
coal/municipal waste combustion, a mixed source of sea salt and crustal element, motor vehicles exhaust,
and local urban sewage emissions were 22.0%, 16.0%, 42.9%, 15.9, and 3.2% in the transport weather
condition and 20.7%, 17.8%, 33.4%, 24.9%, and 3.3% in the stagnant weather condition, respectively. Due
to the great increasing of bey contribution, the motor vehicles exhaust played a leading role in visibility
degradation in Taichung in the stagnant weather condition.

Keywords: Visual range, Soluble ion, Vehicle emission, PM, s, PMF, extinction coefficient
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The impact of atmospheric transport on aerosol characteristics under the Asian monsoon in Hungchen
area.

Chung-Hao Cheng®, Yu-Chieh Chen?, Chun-Hung Chou?, Wei-Nai Chen®, Chuan-Yao Lin®,
Neng-Huei Lin*, Fung-Chi Ko®, Shih-Yu Chang"*" Yu-Chen Tsai'

1School of Public Health, Chung Shan Medical University, Taichung 402, Taiwan
“Department of Family and Community Medicine, Chung Shan Medical University Hospital, Taichung 402,
Taiwan
*Research Center for Environmental Changes, Academia Sinica, Taipei, Taiwan
*Department of Atomspheric Sciences, College of Earth Sciences, National Central University, Jhongli,
Taiwan
®National Dong Hwa University, Taiwan, Taiwan,

*Corresponding author
No0.110, Sec. 1, Jianguo N. Rd., South Dist., Taichung City 402, Taiwan (R.O.C.),
Tel: +886 4 24730022ext.12184, Fax: +886 4 23248179,
E-mail: sychang@csmu.edu.tw

Abstract

Hourly measurements of meteorological parameters, particulate and gaseous pollutants, chemical
compositions of PM; 5, and aerosol vertical distribution were made from February 26 to April 15 2013 at
Hungchen in Taiwan. The HYSPLIT and WRF models were applied to distinguish the weather condition.

In this work, four types of air masses were identified as the sea/land breeze circulation, northeast
monsoon, western sea wind, and downwash. The first three air masses can be directly characterized as daily
variations with sea wind in daytime and land wind in nighttime, the prevailing northeaster with strong and
cold wind, and the prevailing light breeze from west, respectively. The biomass burning pollutants from the
Indo-China Peninsula transported to Taiwan through the upper atmospheric winds. The downwash processes
were verified that the occurrence of peak in biomass burning tracer concentration was consistency with the
period of downwash transport which was defined by the vertical distribution of aerosols measured from the
in-situ LIDAR and the vertical wind section simulated from the meteorological model.

The pollutant characteristics of each air mass were found in this study. The sea wind with primary
photochemical pollutants led to the serious pollution at Hungchen. However, the concentrations of pollutants
were quickly reduced when the wind was changed to the land wind. The pollution was related to the long
range transport of polluted air from Asia in the prevailing northeasterly. During the westerly, the air quality
was the best during the observed period, which was characterized as the oceanic transport. The long-range
transport of biomass burning from the Indo-China Peninsula affected the air quality at Hungchen through the
downwash process. The aerosols were characterized as the high proportion of biomass pollutants, low ratios
of NO3/K* and NO3/S0,*, and a trace of crustal and sea salts species.

Keywords: Downwash, Biomass burning, Long-range transport, LIDAR
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Abstract

This study conducted the hourly measurements of atmospheric visibility, PM, - soluble ions and organic/elemental carbon in Taichung from
December 9-29, 2010. Because PM, ; was identified as the predominant species of light extinction, the sources of PM, ; were determined and
investigated using a positive matrix factorization (PMF) analysis. The light extinction (b,,,) was reconstructed using a multivariate linear
regression analysis with hourly-reconstructed PM, s mass concentrations to determine the contributions of each source to bg,;.

Sampling time and site

> Air pollutants and ambient visibility were
observed from December 9-29, 2010.

»The sampling sites were located in the
Taichung urban area in central Taiwan.

Figure 1. Geographical location of
Taichung city and sampling sites.

The LPV-3 light path is between Wurih
station (round ) and CSMU( triangular).

Instruments
O The in situ Air Composition Measuring
Equipment (ACME) system:
» The hourly measurements of PM, 5
soluble ions.

O OCEC Carbon Aerosol Analyzer
» The measurements of the EC and OC.

O Long-Path Visibility transmissometer 3
(LPV-3)
» The hourly measurements of
atmospheric visibility.
O Taiwan EPA measurement data
» The aerosol mass concentrations, gas
concentrations and meteorological
parameters.

Model and Statistical Methods
O Positive Matrix Factorization (PMF)
analysis (PMF v3.0; USEPA 2008)

» The qualitative assessment of the
hourly contributions to the PM, s mass
concentration of marine/crustal aerosol,
secondary nitrate, secondary sulfate,
direct vehicle exhaust, coal/incinerator
combustion, and local sewage
emission.

O Multivariate Linear Regression Analysis
(MLRA)

» The relative contribution of
atmospheric extinction sources to bg.

Do = 238, *Clgy *[PMy] oo eq.(1)
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Statistical Analysis

Table 1. The contributions of major NO, and particulate matter
with and without the RH-correction to the light extinction.

Weather RH- Numb Total Fractional variation
condition  correction umoer variation NO, PM,s PM, 519
Transport W?thout 104 0.65 0.17. 0.45 0.03
With 104 0.67 0.02. 0.65 N.S.
Stagnant W?thoul 339 0.43 N.S. 0.43 N.S.
With 339 0.76 N.S. 0.76 N.S.

N.S.: Non-Significant

Table 2. The comparisons of the reconstructed light extinction and
contribution.

1800 T I Transport Stagnant

1601 n Sources Dext Contribution Dext Contribution
ol m m om omm (W w . M) *) (Mm) %)
(.0 10 Marine/crustal aerosols 36.0 8.4 324 4.6
o) il Secondary nitrate 99.6 233 106.8 151
ol Im ™ B Secondary sulfate 207.5 48.6 298.3 422

L Ll ‘. L] ix Vehicle exhaust 40.4 9.5 133.1 18.8

o o . Coal and Incinerator combustion  43.4 10.2 136.3 19.3
1E400

Tenllih :

[} [} =
e Results

Figure 2. Six sources were identified by the
PMF. (a) marine /crustal aerosols (b)
secondary nitrate (c) secondary sulfate (d)
direct vehicle exhaust (e) coal/incinerator
combustion (f) local sewage emission.

00

Dec/15 00:00
Dec/30 00:00

g
H
Z

_| pecr16 00,

Figure 3. The hourly variations of
reconstructed concentrations of PM, 5 for
the six sources. (a) marine/crustal aerosols
(b) secondary nitrate (c) secondary sulfate
(d) direct vehicle exhaust ()
coal/incinerator combustion (f) local
sewage emission. S: Stagnant weather
condition; T: Transport weather condition.

1. Table 1 showed that the RH-correction increased
the variation of PM, ¢ ;o and PM, ; to b,,,. The R? of
PM, 5 with the RH-correction was higher than that
of PM, 5., and NO, during the transport and
stagnant weather conditions. It indicated PM, 5
played an important role in light extinction.

2. The six source factor profiles were identified by PMF
in Figure 2. Figure 3 illustrated a time series of the
estimated hourly PM, s mass concentrations of each
source.

3. Table 2 indicated that secondary sulfate was the
most abundant source of PM, 5, which made the
largest contribution to the by, during the sampling
period .

4. The contributions from direct vehicle exhaust
and coal/incinerator combustion produced more
of an impact on visibility degradation in stagnant
weather conditions. Therefore, the reduction of the
pollutants based on a reduction of direct vehicle
exhaust and coal-incinerator combustion could
effectively improve the visibility in metropolitan
Taichung.
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r—| Abstract : \

In this study, our purposes are how to identify downwash event and
the effect on air quality. Hourly measurements of meteorological
parameters, particulate mass and gaseous pollutants, chemical
compositions of PM, 5, and aerosol optical parameters were made
from February 26 to April 15 2013 at Hungchen in Taiwan.

Taiwan

\,z: 0336.0°N
120'4200.0°€
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»Measurement Projects:
* Meteorological parameters
» Particulate mass and gaseous pollutants

Figl. Mobile Stations of Hengchun NMMBA

= »Measurement Projects:

[Ty "= |« PM, 5 ---water-soluble ions

ﬁ\ @ Cation : Na* ~ K* ~ NH,* ~ Mg? ~ Ca?*
3 @ Anion: CI- ~ SO,* ~ NOy

Fig2. In-situ Air Composition Measuring Equipment (ACME)

. »Measurement Projects:

. * PM,;--- Organic carbon (OC) and
% inorganic carbon (EC) concentration
analysis

»Measurement Projects:
* Aerosol scattering coefficient

" »Measurement Projects:

« Rayleigh and Mie scattering
light of air and suspended
particles
« Raman scattered light of
nitrogen molecule

Fig5.Lidar

_Dust (Mg?* and Ca?*) and sea salt (Na* and CI) concentrations were the

L Depolarization rate of particles

) | were related to long-range transport of biomass burning.
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l Results and Discussions J ~N
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Fig 6.The first downwash event of wind speed and direction and vertical
distribution of aerosols height map.

»The downwash processes were verified

(a) ”F‘ ,JIJ;SO;(N.I_
I ——] » that the occurrence of peak in biomass
iy T =§ burning tracer concentration was
fested | Znel' consistency
(b) N
o I Table 1.The correlation between indicator
| I L pollutants of different downwash events
First downwash event Second downwash event
¥=3.02x+0.04 y=4.34x+1.06
HBCE r=099 =095
y=3.26x+0.59 y=9.00x+0.71
Koc r=0.92 =0.37

Table 2. The correlation between K* and
secondary ions of different transmission types

Long-range transport

Nearby pollution

Sea West Northeast
. Downwash
breeze  wind monsoon
) - ) NH 022 040 083 036
Fig 5.The variation of the chemical NO; 030 031 0.85 035
composition concentration in PM, s at the 0% 034 2003 082 044
4 ey - =0e iy

first downwash transport event Bold numbers are significant atp <0.05

Table 3. The related ratios between different weather types

Long-range transport

==
Sea breeze West wind :-Downwash Northeast

Nearby pollution

e —— 0 0 1 m%”;gm »Biomass pollutants:
. 1 . 1 O . e+
SOR 0.50 045 | 046 | 050 LOW»I’atIOiOf NO;/K* and
CHNa* 871 2.27 880 | 7.36 NO,/SO,*, and a trace O_f
NO;/SOZ 046 0.04 : 019 | 005 crustal and sea salts species.
NO,/K* 588 088 132 , 459
J

Conclusions <

»The downwash event occurred when the frontal passed, which is sustained
continues for few hours.

»Under atmosphere of downwash transfer type, finger pollutants of biomass
burning(K* ~ EC ~ OC) and second ions increased during hourly variation.

lowest of all transport types which was related to air flow which came from
height attitude downwash transmission.

»By low levels NO,/K* equivalent concentration ratio and the better
correlation between K* and second ions showed that pollution characteristics
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The 11th Asia Oceania Geosciences Society (AOGS). July 28-August 01, 2014. Sapporo, Japan




FAEIMA G A EFE S R T A

p#:2014/10/03

PR e 4

PEAEA ELL

% %y 102-2111-M-040-002- BmAgE: ~§iv 8

25

EEE SRR TH




12 #REHFATHEAFL SR EL

a4k 1 EL R

3 S5 0 102-2111-M-040-002-

PR FHOMRREAREN S A KRR F Bens F R 2 H kB R
+ L # o2 ( fFrﬁ‘ T
A ER R
A %37 p FREeLS gyt s [FERF (g |5 R F 2k
e (X (G FFE| s DT
Ao | EHEK) E L -
%)
Dk 0 0| 100%
. PEE RS 0 0 100% | %
¥~ T
Bt 2 1 1| 200%
i3 0 0| 100%
1) ¢ 'ﬁﬂ i dc 0 0 100% |
< B K 0 0| 100%
Hr ¢ ¥ 0 0 100% |
B A
#1 & 0 0 100% |=*=
AL 4 2 ol 100%
gz g 44 (B 1 1o100% |,
=X
(AH#) ELEFTh 0 0| 100%
Liamm 0 0| 100%
I 1 1| 100%
e, P LI 0 0| 100% =
wmv E T
Bt 2 3 1| 300%
i3 0 0 100% |%/+
vy (K 0 o | #
< Zgif,' % ﬁ'{ 0 0 100%
BN ?P
# s 0 of 100% | ©
A 3
#fl 4 0 0 100% |+ =
AL 0 0/ 100%
friid A4 [ 0 0| 100% |
(R L g R 0 0 100% B
Lixmm 0 0| 100%




g

H A%
(miz gz
5 hoyE B s d S
HREE S ERREE
V=g g NP LB T
SR R D B
Vicne S TSN | 2
EE G F A

}ljo)

= % I8 P

frebs

—

#R%EL S(7 FRredn)

/e

Re gz e fada e

0

0

0
21
e S 0
b B EB 0
B |Fg/1iep 0
b B A - BN A 0
B 0

PEASHAEZ 2 (BR) Ak




e L e R e

;;L?up;gp FERFIEMGARE - ESFHPIERFR T S S22 Fi e}
B (f JE% +$%”%f¥%;i%\f%’fﬁ\%f§f‘é\ HBERBEZ Tt ) L3
L 4 5 el )%$+@ag4 \Lgaméﬂujr'ygi,,@-;g;%o

Dl

1Ly f FERF;-EApBAR  E XY P IRTRIT- 5580
Wi~ P
[Jxad=p % (Gsiip > 1100 F 5 ')
[I7 % 4 px
HEESF A
[JH & & %)
o

2. PR Ak RS IF AN FEJIERA

e W w2 Oas 22/ ERY &

LM k® O¢ 3¢ O

] #E e L&

Hiw (12100 % 5%)

AFELHR AN - RREYT 2 AR
3. Tk H TSR~ HATLIAT - AL G FEES G R S R EES R

E (HEAESETELAZAZ - FE PP E-HF BT i) (M
500 x % *2)
A UELRIE P IR BT 2 s o 2013 E BRI T LR o
IREF Y 3L G4 PR 4 R 5 44 (Ke s EC
OC)&jrd (L i+ R iEprg it AB% Y ¥ 5 + 2 g > a7 Gpmd e
EC 22 OC chfp BE 1A %] 5 0.99 27 095 %35+ EC 22 OC k g *t4p e ek it >
e KA S 7\;;1”’#“ TEEE S -T2 L5 3028434 s X E i
ATRIEE AR AT ed &% Kby (74 Fodg s A4~ 22 OC i2 (7 4p M
Motf s S BT A T @ﬁiﬁi iz e K+-OC #p B+ 4 %) 5 0.92 &7 0.37 >
@%%—ﬁTﬁ@ﬁiﬁ%é*i?w%%ﬁ’%ai;ﬁww@ﬁgﬁm
;;pﬁe,g.w 2IRFEFQ00) pETRLIARFATRG M AR RE

HFA2 I RALF LOp R EPS ’*%&E%gmﬂﬁ«? | 3] 4 g;
’\A%iﬁa‘%ﬁﬂﬁ'? BRI G OEBIFI T RIR R > Fla RE S *J‘Ffﬁuﬁ Flend
T s A Rihtple # kp @ a L §and T




	The real-time method of assessing the contribution of individual sources on visibility degradation in Taichung.pdf
	The real-�time method of assessing the contribution of individual sources on visibility degradation in Taichung
	1. Introduction
	2. Experimental methods
	2.1. Sampling time and site
	2.2. Instruments
	2.2.1. In situ air composition measuring equipment
	2.2.2. OCEC carbon aerosol analyzer
	2.2.3. Long-path visibility transmissometer 3

	2.3. Positive matrix factorization (PMF) model

	3. Results and discussion
	3.1. Classification of weather conditions
	3.2. Explained variations of NO2 and PM to visibility degradation
	3.3. Source apportioning of PM2.5
	3.4. Reconstructed PM2.5 and light extinction coefficient

	4. Conclusions
	Acknowledgments
	References



