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[1] A significant fraction of the fine particulate matter in Hong Kong is made up of
organic carbon. In order to quantitatively assess the contributions of various sources to
carbonaceous aerosol in Hong Kong, a chemical mass balance (CMB) receptor model in
combination with organic tracers was employed. Organic tracers including n-alkanes,
polycyclic aromatic hydrocarbons (PAHs), steranes, hopanes, resin acids, cholesterol,
levoglucosan, and picene in PM2.5 collected from three air monitoring sites located

at roadside, urban, and rural areas in Hong Kong are quantified using gas
chromatography-mass spectrometry (GC/MS) in the present study. Analyses of some
overlapping species from two separate laboratories will be compared for the first time.
Spatial and seasonal source contributions to organic carbon (OC) in PM2.5 from up

to nine air pollution sources are assessed, including diesel engine exhaust, gasoline engine
exhaust, meat cooking, cigarette smoke, biomass burning, road dust, vegetative detritus,
coal combustion, and natural gas combustion. Diesel engine exhaust dominated fine
organic carbon in Hong Kong (57 &+ 13% at urban sites and 25 + 2% at the rural site).
Other sources that play an important role are meat cooking and biomass burning,

which can account for as much as 14% of fine organic carbon. The primary sources
identified by this technique explained 49%, 79%, and 94% of the measured fine organic
carbon mass concentration at the rural, the urban, and the roadside sites, respectively. The
unexplained fine OC is likely due to secondary organic aerosol formation.
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1. Introduction

[2] The rapid economic growth in the past few decades in
Hong Kong and the Pearl River Delta (PRD) has resulted in
high levels of fine particulate matter (PM). Epidemiological
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studies have shown that fine particulates are more related to
adverse health effects than total suspended particulate
matter [Lall et al., 2004]. In urban areas, fine particulate
pollution poses a health risk to the local population and
contributes to the formation of smog [Cohen, 2000; Schauer
et al., 2002a]. In Hong Kong, this problem is more severe in
winter. The Hong Kong Environmental Protection Depart-
ment (HKEPD) has implemented a regular monitoring
program for total suspended particulates (TSP) and respira-
ble suspended particulates (RSP) since the mid 1980s. In
Hong Kong, the long-term and the episodic PM levels have
exceeded the air quality standards developed in the United
States [Louie et al., 2005]. Carbonaceous aerosol, which
includes both organic carbon and elemental carbon (EC), is
the major component of fine particulate matter in Hong
Kong, accounting for ~70% of the PM2.5 (particles with an
aerodynamic diameter less than or equal to 2.5 pum) mass
concentration at a roadside site, ~50% at urban sites, and
~30% at rural sites [Louie et al., 2005]. However, a
comprehensive characterization of fine organic aerosol as
well as its major sources is still lacking.

[3] There are some efforts of aerosol source apportion-
ment in Hong Kong, including the application of principle
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component analysis to TSP data by Fung and Wong [1995]
and positive matrix factorization analysis for PM10 (par-
ticles with an aerodynamic diameter equal to or less than
10 pum) by Lee et al. [1999]. To the best of our knowledge,
source apportionment of organic carbon in PM2.5 has not
yet been done in Hong Kong.

[4] Organic carbon is one of the major components in
PM2.5 in the atmosphere, accounting for 10—70% of the
total dry fine particulate mass in urban areas [Cao et al.,
2004; Turpin et al., 2000; Yang et al., 2005]. However,
compared to the inorganic species, identification and quan-
tification of organic carbon as well as its major sources are
far from well understood because OC is a complex mixture
of hundreds of organic compounds emitted from a variety of
sources. In general, ~20% of the fine organic carbon in
aerosol is solvent extractable and GC-resolvable, including
alkanes, fatty acids, polycyclic aromatic hydrocarbons,
alkanols, and other polar compounds [Sin et al., 2005;
Zheng et al., 2000].

[5] The recent application of organic molecular markers
to CMB has proven to be a valuable tool in determining the
contribution of specific sources to organic carbon and fine
particulate matter in the atmosphere [Schauer et al., 1996;
Watson and Chow, 2001; Zheng et al., 2002]. In CMB
modeling, the ambient concentration of each tracer com-
pound in the model is reconstructed from the best fit linear
combination of source emission profiles, and the contribu-
tions of major sources are estimated.

[6] In 2000-2001, a 12-month ad hoc project was
therefore launched in Hong Kong aiming to better under-
stand the chemical composition as well as the sources of
carbonaceous aerosol in PM2.5. As part of this project, the
present study has two objectives which include (1) investi-
gating the seasonal and spatial variations of the organic
tracers in the fine particulate matter and (2) identifying the
major sources of carbonaceous aerosol in Hong Kong. The
results from this study provide important information of
aerosol sources which is necessary for effective air quality
management strategies.

[7] PM2.5 samples from the same three sampling sites
during the same study period were also analyzed for solvent
extractable and GC-resolvable organic compounds by the
Government Laboratory of Hong Kong Special Adminis-
trative Region (HKSAR) [Sin et al., 2005]. A direct
comparison of organic compound analysis was made be-
tween two laboratories. To our best knowledge, this is the
first comparison of organic compound analysis in ambient
aerosol samples.

2. Methods
2.1. Sampling

[8] Samples were obtained every sixth day from three
sites in Hong Kong including Hok Tsui (HT), Tsuen Wan
(TW), and Mong Kok (MK) (see Figure 1). Each 24 hours a
PM2.5 sample was collected on a quartz fiber filter from
November 2000 to October 2001 using R&P Partisol sam-
plers with a 2.5 pum inlet and a flow rate of 16.7 L min~".
The MK site, about 2 m above the ground, is a roadside
site located in a mixed commercial and residential area.
The TW site, which is located on the rooftop of a
government building (about 15—18 m above the ground),
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represents an area of mixed residential and commercial
activities. The rural HT site is located at the southern tip of
Hong Kong Island, and experiences the least impact of
anthropogenic activities among the three sites.

[9] The PM2.5 samples at each site were combined into
seasonal composites before solvent extraction. The number
of filters in each composite sample is shown in Table 1. The
starting and ending dates for each season match those for the
analysis of the organic compound analysis by the Govern-
ment Laboratory of HKSAR, allowing the direct comparison
of results. The winter, spring, summer, and fall seasons
represent the PM2.5 filters collected from the following
periods respectively: 11 December 2000 to 13 March
2001, 17 March 2001 to 16 May 2001, 19 May 2001 to
20 September 2001, and 21 September 2001 to 31 October
2001.

2.2. Chemical Analysis

[10] OC and EC data were provided by the Government
Laboratory of HKSAR. The measurements were done using
the NIOSH thermal evolution technique as described by
Birch and Cary [1996]. The fraction of water soluble
organic compounds (WSOC) was obtained by water extrac-
tion of filter samples. The water extracts were used to
determine the total WSOC concentration and quantify the
individual components of WSOC. The experimental proce-
dure of organic speciation analysis has been well described
in the previous publication [Zheng et al., 2002], and is
briefly described here. Deuterated internal standards as well
as six sets of standard mixtures (PMSTD#1-#6) were
used for identification and quantification of organic
compounds in ambient samples. The deuterated standards
were spiked in each sample before extraction, including
benzaldehyde-d,, dodecane-d,¢, decanoic acid-d,o, phthalic
acid-3,4,5,6-d,, acenaphthene-d, levoglucosan-l Cs,
hexadecane-d;,4, eicosane-dy,, heptadecanoic acid-ds3, 4,4’-
dimethoxybenzophenone-dg, chrysene-d;,, octacosane-dsg,
aaa-20R-cholestane-dy, cholesterol-2,2,3,4,4,6-d,,
dibenz(ah)anthracene-d;4, and hexatriacontane-d4. The
amount of the internal standard mix spiked into each
composite sample is proportional to the amount of the
organic carbon that presents in the sample, with about
250 microliters of the internal standard mix spiked per
milligram of OC.

[11] Each sample was ultrasonically extracted using hex-
ane (twice), and a mixture of benzene and isopropanol (2:1)
(three times) for 15 min for each extraction. The extract was
filtered and reduced to about 5 mL by a rotary evaporator. It
was further blown down using the ultrapure N,. The extract
was split into two fractions, with one fraction derivatized by
diazomethane to convert the organic acids to their methyl
ester analogues. After derivatization, the extract was ready
for the GC/MS analysis.

[12] A Hewlett-Packard GC/MSD (6890 GC and
5973MSD) equipped with a 30 m 1. x 0.25 mm id. X
0.25 pm film thickness HP 5 MS capillary column was
used. The operation conditions were: isothermal hold at
65°C for 2 min, temperature ramp of 10°C min~' to 300°C,
isothermal hold at 300°C for 22 min, GC/MS interface
temperature of 300°C. The flow of the carrier gas (ultrapure
He) was 1 mL min~'. The injection volume was 1 uL
for each sample. The scan range was 50—500 amu, and

2 0of 16













































