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ABSTRACT

Based on observations at Heshan, a boundary area in the city agglomeration of the Pearl River Delta region in China,
atmospheric pollutants such as PM,s, O3, CO, SO,, NOz, NO, and NO were monitored between the 12" and 29"
November, 2010. Meteorological parameters, including temperature, humidity, dew point, air pressure, ultraviolet
light, wind direction, and wind speed were also measured. By combining the meteorological parameters with the
atmospheric pollutant data, we performed Positive Matrix Factorization (PMF) and ozone production efficiency (OPE)
analysis to objectively understand the interrelations among the pollutants, as well as between the pollutants and the
meteorological factors. During the observation period, there were various meteorological changes such as rainfall,
cold air transit, and sunshine that created conditions for the formation or dispersal of pollutants. The study period
coincided with the 16" Asian Games, during which time the government adopted strict measures to reduce the
discharge of pollutants around the Pearl River Delta area. However, we still observed serious pollution of PM,s and O3,
of which the highest value of PM, s was 210 pg m~ and the highest value of O; reached 117 ppb. At the same time, the
high concentrations of CO, NO, NO,, NO;, and SO, could not be cleared away with rainfall in such a short period of
time. On the basis of PMF analysis, we found that three factors influence the air quality of this region: local biomass
burning, secondary pollutants of regional transport, and high industrial pollutant emissions. According to OPE analysis,
the O; pollution was mostly found to be VOC—sensitive but occasionally NOy—sensitive for OPE values greater than 10.
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1. Introduction

Poor air quality is a topical issue in China due to the rapid
increase in industry, vehicle numbers, and pollutant transport. The
Pearl River Delta region (PRD) is one of the most seriously polluted
areas, and its air quality problems are characterized historically by
high concentrations of primary pollutants, such as sulfur dioxide
(SO,) and nitrogen oxides (NOx) (Xiao et al., 2006; Chan and Yao,
2008). In recent years, due to poor air quality and visibility,
secondary air pollutants, such as fine particles as well as ozone
pollution, have drawn increasing attention (Lam et al., 2005; Hagler
et al., 2006; Zhang et al., 2007; Cheng et al., 2008; Zheng et al.,
2010; Huang et al., 2012; Liu et al., 2013). Levels of SO,, total
reactive nitrogen (NOy), carbon monoxide (CO) and volatile organic
compounds (VOCs) all contribute to the formation of fine
particulate matter (PM,s) and ozone (Os) (Hidy, 2000; Zaveri et al.,
2003; Pathak et al.,, 2011; Lamsal et al., 2013). The NO and NO,
emissions from fossil fuel combustion will exist for less than one
day before being oxidized by air to become NO; (NO,=NOy-NOx),
HNO;, PAN (peroxyacetyl nitrate) and other reactive oxidized
nitrogen species (Berkowitz et al., 2001; Jiang and Fast, 2004; Volz—
Thomas et al., 2005; Horii et al., 2006; Raivonen et al., 2009).
Previous studies have shown that PM,s contains high concen-
trations of NO; (He et al., 2001; Pathak et al., 2004; Pathak and
Chan, 2005; Pandey et al., 2006; Sillanpaa et al., 2006; Lee et al.,
2008; Pathak et al., 2011).

Therefore, a part of PM,s will be generated during the
formation of O; in the photochemical reaction of NOy and VOCs
(Seigneur, 2001), which has not been analyzed in previous studies
in the PRD. In the present study, observations were made in
Heshan, the boundary area of the PRD city agglomeration, of
atmospheric pollutants including PM, s, O3, CO, SO,, NO;, NO, and
NO between the 12™ and 29" November 2010. NO, concentrations
were obtained by subtracting NO and NO, from observed NOj.
Meteorological parameters, such as temperature, humidity, dew
point, air pressure, ultraviolet light, wind direction and wind speed
were also measured. A series of analyses regarding the whole set
of meteorological and air quality data were performed, including
Positive Matrix Factorization (PMF) and ozone production effi-
ciency (OPE) analysis, so as to understand the changes and
interrelations among the pollutants, as well as between the
pollutants and meteorological parameters, when strict controls on
pollutant discharges were imposed in this region.

These controls were introduced because, during the obser-
vation period, the 16™ Asian Games were being held in Guangzhou,
the largest city in the PRD region, 30 km away from the observation
station. The Guangzhou Asian Games provided us with a unique
opportunity to investigate the potential for pollution reduction in
the PRD. The occurrence of this major sporting event condensed a
comprehensive air quality management plan into a short-term
aggressive abatement, revealing the possible improvements in air
quality that can be made against a background of comprehensive
environmental control measures (Liu et al., 2013).

© Author(s) 2014. This work is distributed under the Creative Commons Attribution 3.0 License.
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2. Methods

The research site is located at the Heshan National Field
Research Station in the forest ecosystem of the Chinese Academy
of Sciences, which lies in the central region of Guangdong Province
(112°53’E, 22°40'N). This experimental area features many low,
gentle hills and a mild climate with an average annual temperature
of 21.7 °C and maximum and minimum temperatures of 29.2 °C
and 12.6 °C, respectively. The height of the sampling point was
approximately 45 m above sea level, and located 34 km southwest
of Guangzhou and 20 km and 30 km away from Foshan and
Jiangmen, respectively (see the Supporting Material, SM, Figure
S1). The predominant wind direction in the fall is from the
northeast (see the SM, Figure S7). Because a high concentration
zone tends to form approximately 30 to 80 km from an emission
source by remote transmission and evolution of atmospheric
photochemical pollutants, Heshan is in a good location to observe
the pollutant levels in an atmospheric smoke plume from sur-
rounding cities.

The O3 and NOy analyzers were Model 49i and Model 42Y
(Thermo Environmental Instruments Inc., USA); while for NO and
NO,, Model CLD 88 and Model PLC 860 (ECO PHYSICS AG,
Switzerland) were used. All analyzers were calibrated before the
field campaign according to the standards of the Chinese Environ-
mental Protection Bureau. The SO, and CO analyzers were Model

43i and Model 48i (Thermo Environmental Instruments Inc., USA)
while the PM, s mass concentrations over the station was mea-
sured using a Tapered—Element Oscillating Microbalance (TEOM)
instrument with quartz filter (Pallflex TX40) and one record every
two seconds and with an accuracy of *1.5pug m™ for hourly
averages, although it can underestimate PM, s mass concentration
owing to volatilization of ammonium nitrate and organic carbon
(Gupta and Christopher, 2009). For the meteorological variables,
the Milos520 (Vaisala, Finland) was used, which is an automatic,
meteorological observation tower located at Heshan Station, and
its observation parameters include air temperature, relative
humidity, sea level pressure, and wind (Hu et al., 2010). The
location of the present observation point complied with China
Ambient Air Quality Standards Il which requires 24—hourly average
concentration limits of SO,, NO,, CO, and PM, 5 respectively to be
below 150m™, 80pgm™, 4mgm>, 75ugm> and 1-hourly
average concentration of O3 below 200 ug m™.

3. Results
3.1. Pollutants time series analysis

The mixing ratio curves of PM, 5, O3, CO, SO,, NOz, NO, and NO
are plotted as time series in Figure 1, while Figure S2 (see the SM)

shows wind speed, temperature, relative humidity, dew, ultraviolet
radiation, and air pressure for the observed period.
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Figure 1. Changes in the mixing ratios of PM,s, O3, CO, SO, NO; NO, and NO during the study period.
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The NO, concentration in the first stage was lower, but the
mean concentrations of NO and NO,; were higher. In the second
stage, the mean concentrations of O3, NO;, and NO, were higher,
but the concentrations of NO and NO, were lower. The concen-
trations of O exceeded 100 ppb on the 20", 24™, 27" and 28™
November. In particular, O3 reached an hourly maximum value of
120 ppb in the observation period on the 20™ November. More-
over, NO; reached their peak values in the observation period on
the 27th; these peaks are analyzed in detail later in the paper.
There is a good positive correlation between NO; and O3 according
to the Figures S4 and S6 showing the Factors 1 and 3 (see the SM).
In Factor 2 (see the SM, Figure S5), there is a higher concentrations
of NO, NO, and NOg, but the O3 is not high, and it can be seen that
PM, s and relative humidity are rather high too, which indicates the
meteorological factors and atmospheric chemical reactions related
to Factor 2 are not in favor of Oz production, but in favor of
particle production on the contrary.

Therefore the rising of NO, concentration might probably be
contributed by rising of nitrate, which is also one of the major
components in particles. The particle nitrate as well as nitric oxide
produced by photochemical reaction from other gaseous NO and
NO, are contained in NO, therefore, NO; has a good correlation
trends with O3 under the same weather conditions, with a large
range of variation in concentrations.

The PM,s concentration remained high during the entire
observation period, and even reached 210 ug m™ on the 13"
(Figure 2). It showed irregular major fluctuations in the periods
between the 12" and 15" and between the 22™ and 28" Novem-
ber. This kind of pulsation—type change is similar to the overall

change of SO, and NOy, as well as to the pattern of temperature,
but is the opposite of the change seen for NO. The high concen-
tration of PM, s during the period when pollutants were strictly
controlled in the PRD region shows the severity of atmospheric
contamination and the difficulties involved in pollutant control.

The concentration of CO showed the smallest level of change
among all the pollutants, but it was still a major contaminant. The
highest mean value per hour reached 2.5 ppm, when PM,5
reached its peak value of 210 ug m~® which reflects the intensity of
fossil fuel emissions in this region. There were two occasions when
the concentration of SO, exceeded 40 ppb and the highest value of
SO, in the region always occurred at noon of each day, when there
is a full convection current in the atmospheric boundary layer. The
reason may be that emissions of SO, in this region are mainly
caused by elevated stacks of coal-burning plants, lifting the
pollutant into the mixing layer so that it is mixed to the ground in
the full convection current. In addition, the high concentration and
regular changes of NO, which showed classic rush—hour related
peaks, possibly arose from vehicle emissions of staff working at the
observation station.

3.2. Pollution episode analysis

On November 20th, 2010, Heshan Station recorded serious
photochemical pollution. The highest concentration of O3 reached
was 117.4 ppb in one hour, and the next day the PM, s average
one—hour concentration was 160 pg m~>. Given the very high
concentrations of these two kinds of pollutants on these two days,
it was necessary to analyze the change process.
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Figure 2. Daily variations of PM,s, Os, CO, SO, NO NO,, NO, relative humidity, and ultraviolet radiation from November 19" to 21,
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There were concentration peaks of PM, s in the morning on
the latter two days, and irregular changes during the evening. The
fluctuations of PM, s were more marked than O3 fluctuations, and
dissimilar to any meteorological factor. NO increased simultane-
ously with SO,, but did not share the same range of increase. The
peak value of SO, was more regular at 12:00 PM. There were
corresponding local sources of pollution near the observation
station, except for the elevated source of emissions and mixing on
the ground due to the lifted mixing layers. There was rainfall lasting
for several hours on the morning of the 21%, during which the
relative humidity was as high as 100%. Thus, it can be seen that
rainfall can inhibit the generation of O; and NO; as well as remove
SO, and PM,s. However, the situation quickly returns to its pre-
vious state after the rainfall stops. Moreover, NO and CO are not
affected by rainfall at all, and in fact accumulate more with rainfall
due to inadequate dispersion.

It can be seen in Figure 2 that the concentration of NO was
high after the morning of the 19th, and NO, accounted for a large
proportion of the concentration. NO, decreased by 5 ppb at night.
NO, also showed the same downward trend because of removal by
dry deposition. NO concentration increased gradually after
6:00 AM to the daily maximum at 9:00 AM, which is typical for
traffic emissions. O3 concentration began to rise after 9:00 AM
because of photochemical reactions. However, ultraviolet radiation
reached its highest value within the three days. The wind speed
increased to 4 ms™, which helped transport of pollutants. There-
fore, the hourly maximum mean value of Oz could only reach
60 ppb. In addition, on the 19”‘, the wind speed decreased at dusk,
the sustained temperature was higher, air pressure increased, and
the boundary layer was stable, which helped NO, to accumulate to
a maximum of 40 ppb at night. NO, continued to accumulate on
the morning of the 20" starting at 3:00 AM. NO increased rapidly,
and it reached a maximum of 30 ppb at 9:00 AM, which was higher
than the previous day. NO, also increased noticeably. Furthermore,
the addition of ultraviolet radiation caused the temperature to
increase rapidly. The wind speed averaged 1.5 m s™%, which mixed
the precursors and facilitated atmospheric photochemical reac-
tions. Humidity dropped to a minimum of 40%. These conditions
were favorable for photochemical reactions. Therefore, NO and
NO, concentrations were higher in the morning on the same days
but very low at 2:00 PM, and the O3 and NO; concentrations in-
creased quickly and reached their maximum hourly mean values of
120 ppb and 7.5 ppb, respectively, at 2:00 PM. The model results
appear consistent with the observed NOy, NO; and O; data. The
high concentrations of pollution did not diffuse and clear until
6:00 PM. This process allowed O; to exceed 100 ppb for five
consecutive hours. O3 and NO, were cleared, and the concen-
trations were reduced by the dry deposition that occurred at night,
but Oj still remained at approximately 20 ppb from nighttime to
the morning of the 21%. Then, traffic peaked again at 9:00 AM on
the 21%, and NO and NO, showed remarkable peak values. How-
ever, the wind speed was almost zero because of lower ultraviolet
radiation on that day, and the humidity increased to 100% after
4:00 AM. These meteorological conditions were unfavorable for
photochemical reactions. Therefore, the maximum concentration
of 05 was only 65 ppb on the 21%, which is not a serious level of
pollution. Thus, it can be observed that the high—concentration Os
pollution event that occurred on the 20™ was caused by weather
conditions, such as stable weather, breeze, low humidity, and low
pressure, in addition to high concentrations of NOy emitted by
peak traffic. The generation of O3 accompanied the generation of
NO, which means that other oxidation products play a role in the
generation efficiency of Os;. This effect is further analyzed in
Section 3.4.

3.3. EPA PMF analysis
PMF is a multivariate factor analysis tool (Paatero and Hopke,

2009) that has been applied to a wide range of data, including
PM, 5 data, size—resolved aerosol data, deposition data, air toxicity

data, and volatile organic compound (VOC) data (Poirot et al.,
2001; Polissar et al., 2001; Kim et al., 2003; Kim and Hopke, 2004).
PMF decomposes a matrix of ambient data into two matrices,
which an analyst then interprets to identify the represented source
types (Brown et al.,, 2012). Here, we use the U.S. EPA version,
PMF 3.0, which has been widely applied in regulatory assessments
since PMF 1.0 (Hegg et al., 2009). In the analysis of spatiotemporal
data, factor analytic models have also been widely used in
meteorology to analyze spatially distributed data. Recently, models
based on the non-negatively constrained PMF approach have
gained popularity (Paatero et al., 2003).

Three to six factor solutions were explored with EPA PMF 3.0,
and 20 runs from a random seed were performed for each number
of factors. Random starting seeds were used to increase the
likelihood of finding a global minimum of the goodness—of-fit
parameter, Q. We focus the remainder of the analyses on the
three—factor solution.

In Factor 1, O3 contributes significantly, accounting for above
80% (see the SM, Figure S4). In addition, NO; accounts for 70% of
the factor, the value of PM,s is up to 30%, and the load of
meteorological factor UV is up to 80%. All these values mean that
the pollution of Factor 1 possesses oxidizability and is the product
of photochemical reactions, especially NO; coming from the gene-
ration of O3, which will be discussed in detail in Section 3.5 on OPE
(NOy) analysis. Besides, those values also prove that some part of
PM, 5 is generated from photochemical reactions. In Factor 1, SO,
also contributes significantly, accounting for 60%, and CO accounts
for 30%. This means that, in this factor, there is primary pollution
generated from combustion. Furthermore, wind speed accounts
for almost nothing, meaning that the primary pollution comes from
local sources, which relates to straw—burning and power plant
emissions in this season.

Regarding Factor 2 (see the SM, Figure S5), NO, NO,, NO,, CO,
and PM, 5 contribute significantly, and the loads of each of factors
exceed 50%. The main contributors in terms of the meteorological
factors are temperature, humidity, dew point and air pressure. The
main pollutants emitted from the gasoline—fueled vehicles that are
related to high loads of this factor are NO, NO,, and CO, but the
direct emissions of PM, 5 are fewer, because the emissions of diesel
vehicles are mainly NO, NO,, NO, CO, SO, and PM,s. In terms of
meteorological factors, wind speed and ultraviolet light have little
relation with Factor 2. Therefore, long—range transport need not be
considered. The contribution of the ultraviolet radiation is very
low, indicating that it is cloudy or in nighttime. The photochemical
reaction products are very low and ozone concentrations are low.
We think this part of the pollutants were primary pollutants. The
main component of PM, s and NOy and CO, the peak in the early
morning (see the SM, Figure S5), which is consistent with the time
of vehicle driving behavior and the exhaust emissions. Factor 2 is
mainly related with primary pollutants and secondary generation
from vehicle emissions.

According to the pollutants’ contributions in Factor 3 (see the
SM, Figure S6), it can be seen that NO and NO, are the main
contributors to the distributions of Factor 3, accounting for 60%
and 40%, respectively. This means that NO has a greater relevance
for Factor 3 but does not mean that there is a high concentration of
NO. Other pollutants contribute less in Factor 3, and wind speed
contributes significantly among all the meteorological parameters.
This means that the factor represents the atmospheric background
under good dispersion conditions and the regional status across a
wide range. Pollution of the air mass under this background is
mainly in the form of NOy, which may be related to pollution
emission restrictions in the PRD region. This is also consistent with
the literature insofar as the effect of mitigating SO, is more obvious
than that of NOy (Chen et al., 2010; Liu et al., 2013; Xu et al., 2013;
Zhang et al., 2013).
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In terms of Factor 3, there is some CO and SO, present, which
are primary pollutants in the background atmosphere. Further-
more, there is almost no O; and PM, s in the background atmo-
sphere; plus, there is obvious reduction for the pollution. In the
PRD region, there are two sources for NOy in the atmosphere,
including mobile sources from vehicle emissions and stationary
sources from thermal power generation, industrial production, and
burning of fossil fuels. As the amount of vehicles in urban areas is
increasing rapidly, there is more and more NO from mobile sources.
SO, in the regional atmosphere mainly comes from combustion
sources, while coal combustion and emissions from diesel vehicles
are the main sources of SO,. It can be concluded that Factor 3
represents pollution from local combustion sources, and the
proportion of SO, is smaller than that of NOy. Therefore, Factor 3
comes from vehicle emissions. Although the linear curve fit between
NO; and Oy has poor coefficient of correlation according to the
data, the trend indicated is consistent with the Factor 3.

According to the PMF analysis results of the 3 factors above,
the gaseous and particulate pollutants of the sampling sites came
from three factors mainly.

The profiles of three main factors are defined respectively as,
(1) primary coal combustion and photochemical pollutants, (2)
primary pollutants and secondary pollutants formed by multiphase
reactions, and most of the process is the moisture absorption of
particles, and (3) primary pollutants from vehicles and biomass
combustion emissions in majority. The concentration of pollutants
by Factor 1 is highest among the 3 factors, contributing most
pollutants in the area, with a regular diurnal variation of high in day
and low at night. The pollutants due to Factors 2 and 3 are almost
equal to each other. Factor 2, presents a regular diurnal variation as
Factor 1, with a phenomenon of high concentrations during night
and early in the morning and low concentrations during the
daytime. Factor 3 does not seem to have an obvious diurnal
variation, but there is a close relation with wind speed, which
represents the character of the area. So it could be concluded that,
PMF model cannot only be used to the research on sources of
pollutants, but also is a powerful tool in extensive analysis on air
pollution.

3.4. OPE (NOy) analysis

The NOy acts as the catalyst and plays a role of circulation in
the process of O; production in the atmospheric photochemical
reactions, in which, however, the NO, will be oxidized to nitric acid
by OH, and then the nitric acid will be removed from the
atmosphere through further deposition. Therefore, OPE is a good
indicator in characterizing the ability of generating O; by NOy and
VOCs, which can also evaluate the causes of the generation of O3
and become the theoretical basis of O3 control strategies. At the
same time, due to the fact that the OPE can be obtained through a
model calculation, so that it can be obtained by observations (Chou
et al.,, 2009), it can be a good indicator of the validity of the
simulation.

OPE can be calculated through ozone and NOy or NOy data
measured directly. A feasible formula has been established based
on observations, and the calculation result can be used for
analyzing the sensitivity of ozone. There are many forms of the
formula of OPE, but the experimental results showed that the NO,
photolysis in daytime can generate O rapidly, and therefore there
exists a significant linear relationship between O3 and NOy, as well
as O3 and NOy; the NO; here refers to HONO, HNOs, PAN, and other
nitrogen oxides. OPE can be defined as A(Oyx)/A (NO;) (Trainer et al.,
1993; Nunnermacker et al., 1998).

NO; from the oxidation product of NOy, and the mixing ratio of
NO, will increase with the increasing amount of O3 generated. The
quantitative relation between the NO; concentration and the
increase of Oy (Ox=03+NO,) concentration can be used to calculate

the daily OPE value, and the OPE values were determined by the
concentration relation between Oy and NO; fitted from 08:00 AM
to 13:00 PM in this study. Ozone production efficiency (OPE) refers
to the number of O3 molecules generated by consuming an NOy
molecule in the atmospheric photochemical reactions.

The high—ozone pollution cases on November 20" and 27" are
the examples of this method. Figures 3a and 3b respectively show
that there is an obvious positive correlation and linear relationship
between Oy and NO; during these two days. The slopes show that
the averages of OPE were 11.8 and 3.9 ppb/ppb in these periods,
respectively. There were obvious differences in OPE values obtained
during these two days.
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Figure 3. OPE obtained from the regression equation of A(Oyx)/A(NO;):
(a) November 20", 2010; (b) November 27", 2010.

The OPE values in the previous studies ranged largely from 10
in the population source area to greater than 100 in the clean area;
some of those values were obtained from observations and others
from simulated calculations (Stehr et al., 2000; Berkowitz et al.,
2004). The values of OPE found in the present study are consistent
with the results in the literature.

Observed values also have many other differences, such as the
concentrations of NOy and VOCs, UV, RH, air temperature, and so
on. Meanwhile, the significant change reflected by the different
typical regions also proved that the OPE is able to demonstrate the
impact of the transfer of pollutants by air masses, and the NOy is
constantly being oxidized via photochemical aging or air mass
processes. This reduces its concentration in the system, and the
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system shifts from being VOC-dependent to NOy—dependent,
which generates O3 in polluted areas. In this study, OPE increased
over the study period, and a high mixing ratio ozone pollution
episode usually appeared in downwind areas from the urban site,
because ozone is continuously produced in the city smoke plume.
The generation of O3 transitioned from being VOC—dependent to
NOy—dependent, which is consistent with the conclusions of other
studies (Roussel et al., 1996; Li et al., 1997).

We obtained OPE values through the linear fitting method in
the observation period between 08:00 AM and 14:00 PM, and
calculated the maximum mixing ratio of O3 in one hour. The corre-
lation is not directly between their concentrations data, because
the O; concentration can reach the maximum not only by being
related to O3 formation efficiency at that time, but also by being
controlled by the atmospheric chemical reaction relationship bet-
ween the nonlinear precursors. A higher initial NOy mixing ratio will
lead to lower OPE following the reaction cycle during the O;
formation process with the same conditions. OPE can indicate NOy
restriction or NOy saturation. The paradigm has been established of
the ratio of O3 and NO; less than 7, which means VOC sensitivity in
the O; production process (Sillman, 1995).

The OPE value was slightly greater than 10 on one high ozone
day in our work, suggesting a transitional state and O; production
in the region being NOy—sensitive. On another day, the OPE value
was far less than 10, meaning the generation of O3 was strongly
VOC—dependent and mostly generated from local photochemical
reactions.

4. Conclusions

In the period from Nov. 12" to Nov. 29" 2010, PM, 5, O3, CO,
S0O,, NOz, NO,, and NO were observed at Heshan Station, which is
located 34 km southwest of Guangzhou. The observations were
made during the 16th Asian Games, at a time when the govern-
ment had adopted strict measures to reduce the discharge of
pollutants around the PRD area. However, we still observed serious
pollution of PM, 5 and Oz, of which the highest value of PM, 5 was
210 pg m~ and the highest value of O; reached 117 ppb. On the
basis of PMF analysis, it was found that three factors influence the
air quality in this region: local biomass burning, secondary
pollutants of regional transport, and high industrial pollution emis-
sions. The generation of high concentrations of O3 accompanied
the generation of high concentrations of NO,; of which the
maximum was 14 ppb. According to the OPE analysis, most of the
time the pollution of O; was VOC-sensitive and derived from
regional photochemical pollution over shorter distances. OPE value
was slightly greater than 10 on one high ozone day in our work
occasionally, suggesting a transitional state and O; production in
the region being NOy—sensitive.
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third factor from the three—factor PMF results (Figure S6), The
relationship between wind direction and the extent values
(Figure S7). This information is available free of charge via the
internet at http://www.atmospolres.com.
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