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Volatile Organic Compounds (VOCs), precursors of photochemical
smog and toxic substances, have attracted widespread attention of
environmental communities for decades [1]. Petroleum products are
often considered as the major sources of VOCs in the atmosphere.
However, some VOCs may be emitted from non-petroleum products
such as biogenic emissions and biomass burning. Hence, identification
of emission sources and quantification of source contributions to
ambient VOCsare prerequisite for the formulation and implementation
of VOC related air pollution control measures and strategies. Source
apportionment may also help to identify potential oilfield in a location
through obtaining the concentrations of the tracers. Previous research
suggests that high ozone (O,) production rates in many locations are
strongly associated with high anthropogenic VOC emissions [2-3].
Hence, effort has been made to identify and quantify source emissions
of VOCs in different cities and regions so that photochemical air
pollution could be controlled [4-5]. Receptor-oriented source
apportionment models are the main tools for the source identification
of pollutants and the estimation of source contributions to pollutant
concentrations. The most widely used models are the Chemical Mass
Balance (CMB) [4], Principal Component Analysis (PCA)/Absolute
Principal Component Scores (APCS) [5], Positive Matrix Factorization
(PMF) [6], and Graphical Ratio Analysis for Composition Estimates
(GRACE)/Source Apportionment by Factors with Explicit Restriction
(SAFER), incorporated in the UNMIX model [7]. Watson et al. [4]
reviewed VOC source apportionment by CMB in more than 20
urban areas. Gasoline vehicle exhaust, liquid gasoline, and gasoline
evaporation contributed over 50% of the ambient VOCs in many of
these studies. Vega et al. [8] estimated VOC source apportionment
in Mexico City in 1996-1997 and reported that vehicle exhaust made
contribution of 54.9-63.8% and handling and distribution of Liquefied
Petroleum Gas (LPG) 20.0-28.5%. Sosa et al. [9] re-conducted source
apportionment in Mexico City using VOC data collected in 2000-
2001 and found that handling and distribution of LPG was the major
source (42-52%), followed by vehicle exhaust (25-28%), asphalt works
(12-14%) and cooking (5-10%). In Houston, refinery (26-35%),
petrochemical and evaporative emissions (20-22%) and natural gas
(13-17%) were the dominant sources of VOCs in 2003, while the major
VOC sources in 2006 became natural gas/crude oil (32-39%), LPG
(26%), fuel evaporation (20-23%) and vehicular exhausts (11-13%).
All these studies have provided robust results for VOCs in the study
areas.

The Pearl River Delta (PRD) is situated on the southern China
coast and is now home to approximately 40 million inhabitants. It is
also a major industrial base in southern China. Due to rapid economic
development and increased energy use in the past two decades, the
amount of major air pollutants emitted to the atmosphere is believed
to be increasing significantly, with evidence for higher O, levels and
lower visibility on a regional scale. Previous studies [5,10] have shown
complex VOC sources and their contributions in this region. Guo et
al. [5,10] revealed that vehicular emissions (39-48%), solvent use (32—
36%) and LPG/natural gas usage (11-19%) were the dominant sources

in 2000-2002 in Hong Kong, whereas the major VOC sources in inland
PRD were industrial emissions (43%), vehicular emissions (32%) and
biomass burning (25%). However, in 2004, vehicular emissions (>50%)
became the most important source of VOCs in inland PRD due to the
significant increase in vehicles, and solvent use accounted for 33% of
the total VOCs [11].

In recent years, due to industrial restructure and recognition of
adverse impact of VOCs on visibility reduction and human health by
local governments, VOC sources and their contributions to ambient
VOCs in this region may have been significantly revised. Indeed, to
reduce VOC emissions, the Hong Kong government has implemented,
and the Guangdong government has proposed control measures to
recover petrol vapor released during petrol unloading and refueling at
petrol stations, and to tighten emissions standards of motor vehicles
in line with the European Union standards. The VOC Regulation,
effective from 1 April 2007 under the Air Pollution Control Ordinance
in Hong Kong, controls the VOC content in 51 types of architectural
paints/coatings, 7 types of printing inks and 6 broad categories of
consumer products; and requires emission reduction devices to be
installed on certain printing machines. The regulation was amended
in October 2009 to extend the control to other products with high
VOC content, including adhesives, sealants, vehicle refinishing paints/
coatings, and marine vessel and pleasure craft paints/coatings, starting
from 1 January 2010 in phases. On the other hand, inland PRD has
shifted its emphasis from light industry in early 1990s to heavy industry
featuring hi-tech electronic equipment and machinery, chemical
products and autos in recent years. Hence, in order to efficiently
mitigate photochemical air pollution in the study region, it is crucial
to obtain updated VOC emission sources and their contributions. In a
recent study, we found that the major sources identified in the region
were vehicular emissions, solvent use and biomass burning, whereas
extra sources found in inland PRD included liquefied petroleum gas
and gasoline evaporation. In Hong Kong, the vehicular emissions made
the most significant contribution to ambient VOCs (48 + 4%), followed
by solvent use (43 + 2%) and biomass burning (9 + 2%). In inland PRD,
the largest contributor to ambient VOCs was solvent use (46 £ 1%),
and vehicular emissions contributed 26 + 1% to ambient VOCs [6].
The percentage contribution of vehicular emission in Hong Kong in
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2007 is close to that obtained in 2001-2003, whereas in inland PRD
the contribution of solvent use to ambient VOCs in 2007 was at the
upper range of the results obtained in previous studies and twice the
2006 PRD emission inventory. The findings advanced our knowledge
of ozone precursors in the PRD region.
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