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EXECUTIVE SUMMARY

1.0 Background

Like other urban and industrialized regions in the world, Hong Kong and adjacent Pearl River
Delta (PRD) experiences elevated levels of air pollution. Among the seven atmospheric
pollutants for which an air quality objectives/ standards have been set by the authorities, ozone
and particulate matter (Respirable Suspended Particulate, RSP or PMg), together with nitrogen
dioxide, are the three species contributing to high Air Pollution Index readings in Hong Kong
and in many cities in PRD as well. At high concentrations these pollutants are known to have
harmful effects on human health. It is thus imperative that the sources and atmospheric
processes related to the emission, transport, and chemistry of these pollutants be understood, so
that effective control strategies can be identified.

The Hong Kong and Pearl River Delta Pilot Air Monitoring Project (the Pilot Project) was
initiated in May 2002 and implemented over a 2-year period. The Pilot Project was split into
two focus areas with Project 1 on the cause(s) of ground-level ozone pollution in Hong Kong
and Project 2 focusing on the characteristics of fine particles (PM2s) in Hong Kong and the
Pearl River Delta (PRD)!. The Project was built upon the work already undertaken by the Hong
Kong Environmental Protection Department (HKEPD), the universities in Hong Kong, and the
greater Chinese academic community, but was specifically designed to explore and demonstrate
the utility of observation-based analyses and modeling tools for improving the understanding of
the formation of ozone in Hong Kong (Project 1) and to gather PM,s data to elucidate its
regional distribution, chemical composition, and sources in Hong Kong and PRD (Project 2).
In this regard the project utilized expertise and analytical techniques from the United States.
The summary of the scientific findings for project 1 and 2 are provided below.

The Pilot Project enabled cross-border air quality monitoring of fine particulates, which had
never occurred before. Initiated and implemented through collaboration among regional
authorities, regulators, industry, civic organizations and the scientific community, the Pilot
Project extended the human, intellectual and financial resources contributing to regional air
guality management. To ensure scientific relevance and integrity, efficient implementation and
effective project administration, three working committees were formed at the outset of the
project including a Science Committee, Science Advisory Committee and Management
Committee. Details of committee terms of reference and membership and the organizations
involved in the Pilot Project are included in Appendices A & B.

1 The Hong Kong and Guangdong Governments do not have air quality objectives or standards for PM2.5
and PM2.5 is not monitored or specifically included as a pollutant to be reduced under the joint

government emission reduction targets.
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2.0 Summary of Project 1 - Ozone

Objectives: Project 1 of the Pilot Project aimed to: (i) demonstrate how ground-based air
qguality measurements could be used in diagnostic analyses and observation-based modeling to
elucidate the relative roles of emission sources of Volatile Organic Compounds (VOCs), carbon
monoxide (CO), and nitrogen oxides (NOx) on the formation of ground-level ozone (O3)
pollution in Hong Kong; and (ii) using this analysis and modeling; address policy-relevant
issues related to the formation and mitigation of ozone pollution in the Hong Kong metropolitan

area.

Data used in the Project: The findings from Project 1 are largely based on data collected over
the period from October 1, 2002 to December 31, 2002 at five sites in Hong Kong: Central
Western, Tung Chung, Tai O, Tap Mun, and Yuen Long. The locations of these sites are
indicated in Figure 1. Of these sites, Tai O served as the “super site,” where state-of-the-science
instrumentation was used and an attempt was made to comprehensively monitor as many
relevant chemical and meteorological variables as possible. Tai O was selected as the location of
the super site since it is in the general location where O3z concentrations in the Hong Kong area
tend to be highest. This super site was set up and operated by the researchers of the Hong Kong
Polytechnic University while the other sites were operated by the HKEPD and made use of more
standard air-pollution monitoring instrumentation and protocols.

Caveats: It is important to note that Project 1 was undertaken as a Pilot Project. Thus the
data that form the basis for our analyses and findings are spatially and temporally limited. While
comparison of our results to those of previous studies in the area suggests that they are
representative, the general applicability of our findings to the area for all types of air pollution
episodes has yet to be fully assessed. Hence although the scope of this study was limited, it's
scientific and technological findings can help to guide further scientific studies of regional air
quality issues.
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Figure 1. Map of Hong Kong area showing the location of Project 1 sampling sites (TO = Tai O, the super

site, TC = Tung Chung, CW = Central Western, YL = Yuen Long, TM = Tap Mun).

2.1 Major findings

® Summary 1: Assess the relative contributions of local production and
pollutant import from other locations on Oz formation

Based on ozone episode analyses conducted in Project 1, both locally emitted pollutants and
pollutants transported from Guangdong Province can act independently or in concert to bring
about O3 pollution in the Hong Kong area. 5 out of the 10 Hong Kong Os-pollution episodes
studied show a“pollutant signature”that is indicative of impact from Guangdong Province.

One of these episodes appears to be strongly influenced by emissions from Guangdong Province,
while the other 4 appear to have a more modest and transient impact from Guangdong. Taking
together all the measurement and modeling results, approximately 50—100% of the ozone
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increase observed on Hong Kong during ozone pollution episodes can be explained by
photochemical ozone generation within the Hong Kong area, although some of the
photochemical ozone generation within Hong Kong and its neighboring area was likely triggered
by import of Osz-precursor pollutants from Guangdong.

Nitrous acid (HONO) (and to a lesser extent aldehydes)? appear to play a critical role in ozone
formation (especially in the early morning hours) and constitute as an important input
parameter for the observational based model. Previous investigators have also found that the
presence of HONO and aldehydes in an urban atmosphere during the early morning hours can
significantly enhance the amount of ozone produced over the course of the day. However, for a
better understanding of the role of HONO in Hong Kong and the PRD, further investigation will
be needed.

® Summary 2: Identify those specific VOC and VOC-sources that appeared to
contribute most to the formation of photochemical smog on the episode days
during the study

The reactivity of VOCs in the Hong Kong area is dominated by anthropogenic (i.e. man made)
compounds. Of the anthropogenic VOCs, reactive aromatics (i.e.,toluene, xylenes,
trimethylbenzenes, ethylbenzene) dominate and of these m-xylene and toluene are the most
important. The observed data for the reactive aromatics cannot be explained in terms of mobile
emissions from downtown Hong Kong and instead appeared to be associated with non-mobile
emissions from industrial, waterfront and fuel storage activities. These reactive aromatics would
not result from coal or gas-fired power plants.

® Summary 3: Assess the accuracy of pollutant emission inventories for Hong
Kong and the PRD region

The ratios of the concentrations of some VOC species (e.g., butanes/toluene) are consistent with
a speciated version of the VOC inventory produced in the Hong Kong and Guangdong
Government’s Joint Study3. However, the ratios of selected alkanes are not consistent. The

2HONQO is one of the reactive nitrogen compounds that are derived from further oxidation of Nox, and
aldehydes is a reactive VOC.
3 CH2M Hill (China) Ltd (2002). Study of Air Quality in the Pearl River Delta Region. Agreement No.
CE 106/98, published April 2002
(http://www.epd.gov.hk/epd/english/environmentinhk/air/studyrpts/study_pearl.html)

4



Hong Kong and Pearl River Delta Pilot Air Monitoring Project

EXECUTIVE SUMMARY

reason for this discrepancy could reflect inaccuracies in the emissions inventory and/or the
speciation method.

® Summary 4: Complete a preliminary investigation of the relative benefits of
various emission-control strategies

Ozone is not emitted directly into the air but is formed by the interaction of two basic pollutant
precursors, VOC and NOy, in the presence of heat and sunlight. Based on information gathered
in the Pilot Project, the formation of ozone throughout much of Hong Kong area appeared to be
limited or controlled by the abundance of VOC, and of the VOC, reactive aromatics appeared to
make the dominant contribution on the days studied. High NOy concentrations appeared to
suppress instead of enhance ozone production in much of urban environment in Hong Kong.
The conclusion on the dominant role of VOC in the formation of ozone is consistent with
findings from previous VOC studies conducted in Hong Kong using different data sets and/ or
analysis tools.

2.2 The Recommended Next Steps:

® Identify source or sources of reactive aromatics which were found in the Pilot Project to
play a dominant role in photochemical formation of ozone;

® Confirm and quantify role of HONO (radical chemistry) and aldehydes (in early morning
chemistry) in atmospheres of Hong Kong and PRD;

® Expand measurements to include other seasons to verify whether the results from the Pilot
Project in autumn are applicable to different seasons;

® Expand measurements similar to those carried out at the Tai O super site to the PRD and
new territories (HK) to characterize additional areas of significant ozone photochemical
production that likely impact the exposure of citizenry to ozone pollution; and

® Update and refine the emission inventory for Hong Kong and PRD.

3.0 Summary of Project 2 — Fine Particulate Matter (PM2.5)

Objectives: Project 2 of the Pilot Project aimed to: (i) measure the concentrations and
chemical composition of fine particulate matter (PM.s) in the PRD region (including Hong
Kong); (ii) determine the general sources of PMzsacross the PRD region; and (iii) assess the
concentrations of PMa s in the PRD sub-regions.
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Data used in the Study: The PM.sdata were collected at 7 sites in the PRD region (including
Hong Kong). Sampling involved the collection of filters over 24-hr integrated time periods
during a month of each season (from October 2002 to June 2003) at 7 sites including 4 in the
Guangdong and 3 in Hong Kong (see Figure 2)4. Sampling sites in Guangdong were run by local
air monitoring station personnel with the assistance of Peking University and HKUST while
sampling sites in Hong Kong were run by HKEPD forming a part of their regular network of air
monitoring stations. Air monitoring equipment was sourced and installed by researchers from
Georgia Institute of Technology and California Institute of Technology.
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Figure 2. Map showing locations of 7 sites used in Project 2. In China this includes: Conghua,
Guangzhou, Zhongshan and Shenzhen. In Hong Kong this includes: Tung Chung, Tap Mun and Central

and Western. The map also shows the Tai O Super site used in Project 1.

For a given month filter samples were collected every sixth day. The filters were used to
determine the PM;sconcentration as well as the concentrations of a variety of ions, elemental
and organic carbon, specific elements, and solvent extractable organic compounds. Related to
specific pollution sources that contributed to PM2s, chemical tracers for pollution source classes
including coal combustion, wind-blown dust and biomass burning were used to infer local and

4 All references and discussion of annual or mean concentrations of emissions should be interpreted as
the projected annual average concentrations based on sampling undertaken in the months of October,

December, March and June.
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sub-regional influences within the PRD. In addition, the relative concentrations of specific
organic compounds were used to infer primary sources of carbonaceous aerosols using a
Chemical Mass Balance (CMB) model.

3.1 Major findings

A summary of key findings is as follows:

® Summary 1: Measure the concentrations and chemical composition of fine
particulate matter (PM2.5) in the PRD region

Based on the PM.s data collected from the Pilot Project, the highest annual mean PMa2s
concentration was observed in Guangzhou (71 ug m-3), followed by Shenzhen (47 ug m-3),
Zhongshan (46 ug m-3), Conghua (37 ug m-3), Central & Western (34 ug m-3), Tung Chung (32 ug
m-3), and Tap Mun (29 ug m-3). All concentrations are above the current annual U.S. NAAQS
value of 15 ug m-3. Organic carbon and sulfate are the dominant fine particulate chemical species
across the PRD region accounting for on average 24-35% and 21-32%, respectively of PM2s
mass.

Concentrations of potassium, a tracer for biomass burning, as well as lead, an additive for the
combustion of leaded gasoline, were found to be particularly high at the Guangzhou site.
Specific organic tracers also tend to show very high concentrations of tracers for biomass
burning (levoglucosan) and for mobile sources (hopanes and steranes) at the Guangzhou site.

® Summary 2: Determine the general sources of PM2.5 across the PRD region

It appears that the dominant source of sulfate aerosol in the in-land PRD region is sulfur dioxide
(S02) emissions from local sources within Guangdong province. The sources of primary fine
particulate organic carbon throughout the PRD region, which were estimated based on the
concentrations of organic tracer compounds used as inputs to a chemical mass balance model
(CMB), are dominated by mobile sources and biomass burning accounting for from 15 to 27%
and 14 to 22% of the organic carbon across the sites, respectively.

The relative contributions of diesel and gasoline combustion to the mobile source category vary
depending on location. For Guangzhou, gasoline combustion contributed to 16% of OC
concentrations, compared to 10% from diesel sources. By contrast, the Hong Kong urban site
Central and Western has gasoline and diesel annual average OC contributions of 7% and 20%,
respectively. Local meat cooking was also found to be an important source of fine particulate OC

7
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at many locations with annual average contributions to OC estimated to be from ~ 7% at Tap
Mun and Zhongshan, to ~25% at Conghua.

® Summary 3: Assess the PM2.5 concentrations in the PRD sub-regions

Analysis of meteorological data and the chemical constituents in fine particulate matter suggests
that PM2s concentrations in Hong Kong are influenced to a large extent by sources outside and
to a lesser extent by local while Guangzhou is impacted by more local sources of PM; .

Organic and elemental carbon concentrations appear to be influenced by a combination of both
local and regional sources throughout the PRD. The much higher (2-4 fold) concentrations of
potassium, a biomass burning tracer, at Conghua and Guangzhou than those throughout Hong
Kong suggests that inland Guangdong is a significant source of biomass burning aerosol.
Similarly, the 2-4 fold higher concentrations of lead at the other Guangdong sites than those in
Shenzhen and Hong Kong suggest that the burning of leaded gasoline in Guangdong may impact
organic carbon concentrations throughout the region. Although it should be noted that another,
unidentified source may be responsible for the elevated lead concentrations measured in
Guangdong.

3.2 The Recommended Next Steps:

® Expand and sustain the characterization of emission profiles and sources of fine
particulates in the PRD;

® | ocate the specific point sources of sulfate and the industries they are associated with in
the PRD;

® Determine where and when biomass burning is taking place as well as the specific material
that is being burned;

® Measure source profiles of primary organic carbon emissions in the PRD; and

® Assess the impact of long-range transport on fine particulate concentrations within the
PRD and the impact of climate change on regional emissions levels.

4.0 Other Results

4.1 Stakeholder Involvement

The Pilot Project was the first non-government led cross-border initiative to improve regional
air quality in the PRD region. A key success of the Pilot Project lies in its broad
multi-stakeholder support base. With largely private sector funding, local and international
scientific expertise, local and regional governmental support and the coordinative ability of a

8
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local public policy think-tank, the project was planned and implemented in an inclusive and
transparent way. As outlined in Section 1, three levels of committees were formed to ensure
science integrity and relevancy, policy appropriateness and administrative efficiency. To
encourage involvement and transparency, committee meetings were recorded and included on a
special Pilot Project website created for usage by the committees only. Importantly, participants
from all stakeholder groups including academia, government and funders participated in both
the Science and Management Committees. This fostered the building of trust between
participants and enabled stakeholders to further understand each others needs, resulting in the
refinement of processes which contributed to more robust scientific results. A summary of the
committee members and terms of reference along with the organizations involved in the Pilot
Project is included in Appendices A & B.

4.2 Capacity Building

Apart from producing the scientific results outline above, an important objective of the Pilot
Project was to build long-term air quality management capacity in Hong Kong and Mainland
China. A paper researching the capacity building aspects of the Pilot Project® found that the
strengths of the project lie it's largely private sector funding base, cross-border
multi-stakeholder participation, inter-personal relationships and enthusiasm of participants.
Improvements were recommended in gaining further government support, especially in the
PRD, further promoting the understanding of the connection between public health and air
pollution, sensitizing participants to cross-cultural issues upfront and further integrating this
effort with other regional air pollution projects to enable resource sharing. Nevertheless, the
paper assessed that the Pilot Project appeared to be playing a pioneering role overall in building
capacity for sustainable development in the PRD region.

4.3 Other Benefits
It is worth highlighting the other benefits achieved through the Pilot Project:
1.  Provided an observation-based analysis model for ground level ozone that
complements existing methods used in Hong Kong;
Expanded the fine particle air monitoring network in Hong Kong and the PRD;
Transferred new equipment purchased for fine particle monitoring to Guangdong (PRD)
for its permanent ongoing use;

5 “Developing capacity for long-term air quality management in the Pearl River Delta Region”, February
2003 by Ryan Lee, Andy Li and David Malachowski-Onne of Worcester Polytechnic Institute (published
by Civic Exchange and available at http://www.civic-exchange.org under publications Feb-03).

9
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4. Transferred air quality measurement and modeling technologies as well as diagnostic
methods for fine particles from the US to Hong Kong and the PRD;

5. Built a new alliance of Hong Kong and Guangdong, government, regulatory, scientific,
academic, industry and international collaboration for addressing air pollution;
Improved upon existing regional emissions inventory data and knowledge; and
Generated positive stakeholder and public support in determining air pollution
solutions.

While the benefits above have largely been achieved, clearly benefit no.7 is an ongoing campaign
of which these project results form part. To this end this report and the process by which it has
been developed has greatly contributed to revitalize local discussion and attention on regional
air pollution issues. A public access website has also been created to house information about
the Pilot Project and we hope that future work in this area will also be included on this website
in the future®.

5.0 Conclusion

Through the use of an observation based model and scientific analytical modeling techniques
such as Chemical Mass Balancing, the Pilot Project has both confirmed previous research and
produced new and interesting results. The study confirmed that PM2.5 in the PRD region
exists at annual average concentrations of two to five times the US annual average National
Ambient Air Quality Standard. This is an important finding which we hope will encourage
further government consideration and review in this area, especially in the development of
standards, objectives and emission reduction targets and in ongoing regional monitoring efforts.

The project has also provided a much needed list of focus areas for further study which are
required to enable definitive conclusions to be drawn on the most effective and efficient
pollution control strategies in Hong Kong and the PRD region. Equally importantly the project
has formed a model for cross-border multi-stakeholder collaboration, which has proven able in
setting the foundation for increased capacity in areas of human, financial and technical
resources contributing to the understanding and management of air quality in the region. With
support from HKEPD, the key task ahead is to deepen that support and extend it to the PRD
authorities, then to transfer this knowledge gained to the creation of policy review and change.

6 The Pilot Project public access website address is:
http://www.ce.gatech.edu/~mhbergin/hk_prd_public
10
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6.0 Pilot Project Scientific Reports

This Executive Summary summarizes scientific findings which are detailed in the following Pilot
Project reports:

(1) Hong Kong and the Pearl River Delta Pilot Air Monitoring Project: Pilot study on the use of
atmospheric measurements to manage air quality in Hong Kong and the Pearl River Delta
Project 1: Ground-Level Ozone Pollution in Hong Kong, 31 July 2004

Prepared by: Jing Zhang, Georgia Institute of Technology (GIT), W.L. Chameides, GIT, Tao
Wang, Hong Kong Polytechnic University and C.S. Kiang, Peking University

(2) Hong Kong and the Pearl River Delta Pilot Air Monitoring Project: Pilot study on the use of
atmospheric measurements to manage air quality in Hong Kong and the Pearl River Delta
Project 2: Fine Particulate Matter (PM2.5) in the Pearl River Delta, 13 August
2004

Prepared by: Michael Bergin, Georgia Institute of Technology (GIT), Gayle Hagler, GIT, Lynne
Salmon, California Institute of Technology, Mei Zheng, GIT, W.L. Chameides, GIT, C.S. Kiang,
Peking University, James Schauer, University of Wisconsin at Madison and Jian Yu, Hong Kong
University of Science and Technology

Copies of the above project reports and this Executive Summary can be accessed at:
http://www.civic-exchange.org (under Publications November 2004).
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APPENDIX A

Pilot Project Committees Terms of Reference and Membership

(1) Science Committee

Terms of reference

The Science Committee’s role was to plan, discuss, carry out and analyze all scientific

information in relation to the execution of the Pilot Project as proposed in the

original project proposal.

Members
BERGIN, Mike

CHAMEIDES, W.L.

CHANG, W.L.
GUO, Hui
HAGLER, Gayle
HO, Kevin
KENDALL, Gail
KIANG, C.S.

LAU, Alexis K.H.

LIU, Tao
LOUIE, Peter
WANG, Tao
YU, Jianzhen

ZHANG, Yuanhang

ZHENG, Mei

Georgia Institute of Technology

Georgia Institute of Technology

Hong Kong Observatory

Hong Kong Polytechnic University

Georgia Institute of Technology

Castle Peak Power Co. Ltd., HK

Castle Peak Power Co. Ltd., HK

Peking University

Hong Kong University of Science and Technology
Guangzhou Environmental Monitoring Station
Hong Kong Environmental Protection Department
Hong Kong Polytechnic University

Hong Kong University of Science and Technology
Peking University

Georgia Institute of Technology

(2) Science Advisory Committee

Terms of reference

The role of the Independent Scientific Advisory Committee included:

e Provide advise and audit the work of the Science Committee;

e Monitor the planning and discussions arising from Science Committee

meetings; and

o Review the mid-term and final scientific reports.

12
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Pilot Project Committees Terms of Reference and Membership

Members

CHAN, Chak Hong Kong University of Science and Technology
LI, Y.S. Hong Kong Polytechnic University

LUI, Shaw Sinica, Taiwan

MEAGHER, Jim NOAA Aeronomy Laboratory

SCHAUER, James Georgia Institute of Technology

SLANINA, Sjaak Peking University

STREETS, David Argonne National Laboratory

TANG, Xiaoyan Peking University

(3) Management Committee

Terms of reference
The Management Committee’s role included:

¢ Review and comment on scientific discoveries arising from the Pilot
Project;

e Oversee the overall project execution and financial management of the
Pilot Project; and

¢ Plan and administer all publicity and public information releases arising
in relation to the project, including any scientific discoveries arising from
the Pilot Project.

Members

CORSON, Brad Castle Peak Power Co. Ltd., HK

EASTWOOD, Richard Castle Peak Power Co. Ltd., HK

KIANG, C.S. Peking University

KU, Andy Shell Hong Kong Ltd.

LI, Alice Shell Hong Kong Ltd.

LOH, Christine Civic Exchange

LOUIE, Peter Hong Kong Environmental Protection Department
UEBERGANG, Kylie Civic Exchange
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APPENDIX B
Organizations involved in the Pilot Project

Argonne National Laboratory, USA

California Institute of Technology, Environmental Science and Engineering, USA
Castle Peak Power Co. Ltd., HK

Civic Exchange, HK

Conghua Environmental Monitoring Centre, PRC

Georgia Institute of Technology, School of Civil and Environmental Engineering
and School of Earth and Atmospheric Sciences, USA

Guangdong Environmental Protection Bureau, PRC

Guangzhou Environmental Monitoring Station, PRC

Hong Kong Environmental Protection Department

Hong Kong Jockey Club Charities Trust

Hong Kong Observatory

Hong Kong Polytechnic University, Department of Civil & Structural Engineering

Hong Kong University of Science and Technology, Centre for Coastal &
Atmospheric Research & Department of Chemistry

NOAA Aeronomy Laboratory, USA

Peking University, College of Environmental Sciences, PRC
Shell Hong Kong Ltd.

Shenzhen Environmental Monitoring Centre, PRC
University of California, Irvine, USA

Zhongshan Environmental Monitoring Centre, PRC

14



FMAISRIT 2 S A S
NE

1.0 ’F‘J‘?J

A2 ] il H 8] Jﬂl* AR - AR BTSSR = AP (PRD) 12270 e i
Ao Al o mﬁfui U SRl RS 7 A S§EYAfl > ELE,
ﬁé'f{*ﬂﬁ (P ™ 235k~ > RSPEY PMuw) AIZ & (™ R AR S Jyij.v
Wil Fodsiepix pus PRI SR pufi ’fzﬂ*‘*« %E ﬁj (4 gt
ROy EIART FITNE BEVERES S 5 o [NIFE Y El ol U RL S S L R
PIRART ) e B PR ~ GR35 53 AR S A AP AR T e ﬁflf@zﬁﬁjﬂ%% °

PRI = 7] "'ﬁsm«%mﬂwz CERFTPe) 1F 2002 & 5 F[R G TEEE 2
ST A TR 1AL g%ﬁiﬁ%pl%w SRR AIET 2 R
T AT AR = A PVIRE ST (PMos) f fiﬂj f-F e ’jfﬁuiﬁj o R
(HKEPD) f%pw\m,ﬁmg[[ﬁ frazy R =1 ]‘pﬁyq}lw i ,'g’*’%lﬂﬂ‘&wﬂz.
e L RS o AT R '*ﬁ*@?ﬁﬂﬂﬁiﬁﬁ&ﬂﬁ i Eﬁi“ CREVD) »F
EPMNH?;V?H” PR AR = ?’”E/iﬁfcﬂb Iy (58T Ak R CJIET2) <

— F [—1} 3 — fﬂ'E”‘“HF'J FEIAOE T HERA A o ?Ji;j‘ml 1 ﬁlfmi 2
p ﬂ:‘[_, fg,IHIJ]i LERH g o

T "‘iﬁJ*“‘E‘*ﬂ PR SLRLE A EY e BRI E UL
{@L‘ [IFIJ E’[v‘;_-ﬁjjfk \* . ” E?l .quI}:[[I‘I_j f;?ll: ILBLS" R lnt ‘;\r]ﬂj LL-?EE 3 ]:/“l‘fl)‘}_]f‘ﬂ
Waﬁﬂwwwkj‘? ﬁW L« LIRS AL B T )
j{'gﬂj,ﬂﬁlﬁ T }[ Fro t[F N ZEl I N == [F}'[ ) ;p%%l f} B FJ.}T'['J

f ﬂlﬁ f} oF 1< ]1, ﬁ', pﬂpjj [Tgl%p»;y }H | 2 Jpw#ﬁ UIE[FIJﬁEJ'ﬂL el
ﬂﬁ%ﬁ&WﬁAﬁBfJ

20 ZJEV1 N - K&

FIA= SRR 1AV ) Jfi L Bpipu #}IEMHHI'JZ/DI'FFJ‘:E'P AT
B PPIPASENOBMZFT, 1RSI L€ 4790~ = S POA RS [T PRR S
HREI LSS IAEA [R5 A (i) AP SIS RT Rk e b
&S g\uﬁljﬁi%%[lﬁﬂ{@ﬁlﬁ utrﬁmj@ o

TR IPSed - T 1 ey A yjfﬂfgr‘iﬁ “F 2002 F 10 £ 1 E1E] 2002 F 12 %]
31 El,ivngw A ﬂk(F[m[/ %ZF RS N Hrir ﬁmw)q pﬂ;ﬁﬁl Ktﬂ*“‘fm ”'JFFF'
15 ,j:[illl H|~ - }JF‘IL "o ;I—‘"lf#[‘f LH[ = “%%‘rﬁ!‘f l]ifﬂi IEIFI 7‘:‘[_, FJ
SN I Y fEIFiFI Foost S [ A | &ﬁ‘%ﬁ!ﬂﬂ *i{ﬁﬁ‘“?ﬁ
Jﬁ’g‘fﬁiplj LLF’?}_r*fF,'/\%_, AHPIY RS R ”ﬁﬁrﬁ -~ %&@%ﬁ Lipl PR

! PMys : PMy5 PMys

15



AR = FPS S S E
NE

SNSRI R S R R AR IR
EE S U AU

ERGT Bl R Nz o JIEN L RLE SR E e POEFRAL 525 5T A
Fo LA Jz;yﬁiffﬂiﬂn At e [Hﬁfu SRS wﬁﬂbﬂ—r J;}E el A J’PPIZUFEI
PERE > S LWLLL)%_ FOANERY - (E ZS IRV T R~ BT puRrE PR B A
SRR L T T ?Tuj U’Tlﬁ[ PRI > B SR A VAT [ RLE (BN - [EIETR]S
ﬁlﬁ%/@:ﬂul&:?J jjj V\ﬂ:/i@a_ﬁ*iﬁ’j;f" [['JEEF”EtLa HEY Wu?ﬂ%ﬁﬁdl

EPD EPD
<IETEEn Fang| T hau
i mirs Bay
Deen B Shdung Shui
“ruen Long
Territories
Tuen.hu'lun \ Sai.Kung
FAirport e
- i i
Tung Chung %
& Lantau §land
Tai 0
Lamm 3 f&hapd
supersite EPD EPD

12 IR S0 APEE L0 BT (TO=B » L T CWefl i
YL=7 3] TM=$4"1)

21 2RI
IEE 1o 2R biart AU I TS SO LSRR POAEAT TR
T‘@H‘ PENT LA IS, RSB YA T I il TS e 2

16



FMAISRIT 2 S A S
NE

i {"Jjﬁ‘/i‘[ I—[:[ r” FK[EH'%E/ ngzé‘«l Y;\b S«—Jﬁﬁ% 10 % _F}\Eé‘d\L[rE [H[Egj 5 4 ’:'l’?ﬁf:fﬁfjﬁiﬁ
duf” B %HI;{\ E 1 ﬁL d/[FIJ_JJPI»D 1 J#UIFI‘F‘J }J,_] i

FUpfi= LRI TF o2 GO PRI e, [ H 4 7 BTSSRy eiE D
PRI« 2 T R R FTRVER N rié;fwi SRR AP
S0-100% 1 5RO 175 B (242 7 et B%J§Wﬁ%

p N e i R AR F’J‘: LTk I RO RS PPl S p

TS (HONO) (PP R -5 # 3" T L0 1 s g en | (Rl
@%ﬁﬁi)ﬁhW(BW%ﬁﬁ”*?W#lﬂﬁmﬁﬂéﬁﬁ%ﬁﬂﬁﬁ
NS T ’?\@Qﬂifﬁi[’@ HE— it & p’v;;%} FNERRR Jj‘—,ﬁ_lﬁ s Bl
Fip&,i THAIZRT = Eﬁi”pjllpm E|7§/+F[J 1 Fﬁi 4_ g[ﬁ wuwﬁf’FJI

B 2 ¢ R PRI LT DA [ AR T R g 1 E i
PIE R

Fﬁ%i‘”ﬂ:/ EleﬁF/‘é} [fl:*‘ ﬁﬁﬁjﬁ'ﬁj@ﬁgd" [f[:i’pj, I8 Aldﬁﬁjﬁ' k3 E[g ['»A F/g[?,ﬂ;ﬁ_—‘l, EIE[EU o A/‘Jiﬁﬁl
F“P_@EF['U}?F/‘E/ [i*‘J#LfPJH[ jF =3, Fﬁr (PR s TR = p[g*f C L) R glfl"l ﬂ
T PR AP IR «iﬁggi 1 ST ufF [iﬁbﬁmm;ﬁﬂ Ti ““Jﬁ"ﬁﬂ I ik rj;
PHY ;FFF?" TR S U e s S IT“J/iT\JIEﬁ*ﬁ#HJJWFTE PR e S
*[@%’ﬁﬁ ‘#Jj 2 AR *ﬂ’fiP SISy ate F’?‘J';ﬂ]gu

pIEE 3 0 PR AT = P R A

ﬂ*‘ﬁf/‘a TEE Py fub=sk (g 7 SR/PTR ) iﬁpﬁ%fﬂﬁ ., é'[Lg‘PFJ I‘E’FTB}[UFE—
g J@fa [i*‘ #Lfﬁu@ﬁglﬂ?}rﬁqﬁ IJW# SIS NI JMMFUP} FJ[F“T
i S RN fe A B FHJJW*J'%D/E‘/N#:“WJKEJ‘T 22rd

IYE Y S Fﬁﬁl#&ifmﬂﬁﬂ AR (R o

P ARV 1 TR TSP S EEE P (VOC) A
PANO > [ RATTE A AR [‘P“ pJF‘P FHY fr‘iﬁriﬂ%f“’?ﬂ“ﬂlllﬁ EJ[HEJ RN
ﬁu el A A Jﬁéﬁﬁﬂbﬁfz’a (£ #L‘#Jp UF F{J[ﬁiﬁfuﬁ&ﬁﬁrﬂ e EEAE irﬂ;fﬂ
I 3k T e ‘ajyfﬁl\ftvwfﬁﬁi]gl, V2RI ”[E%lfro = Flﬁ{w&?ﬁ R ij'fLHIknz,;n]
PO EIs PRI I RL S il pLa ot i o S o IR P LRSI el

P LA AR ATV 5347 2L R Ikpors - g

8?@?}@ﬂfﬁlfﬁ [~ F‘[?”JF” o RLp S P SRR IR 1 P PR
— %HI °

’ Ch2M HILL (fl1[=hE L il (2002)° “ERT = EPVpUE “ﬂ’ﬁli?wu to PHYE] r CE 106/98 -
2002 F 4 FIHYPS  (htto://www.epd.gov.hk /English/environmentinhk/study_pearl.html )

17



FMAISRIT 2 S A S
NE

2.2 N R

T B (29 [ 12 0 0 [ 170 75 520 B POOTips 10

TR TR L AR CRIE R TS T P EAIERT S A g

e

}ﬂ‘kiﬂug &ﬁf,ll qj}‘F H vaﬁfﬁ IE"LJ\'i%f{EEI_’FUT#{FFZI“ |y§:%\[ L F[J R F A T\
[FJFI P“*r’J

I T SR SO S WA AR ) IEW‘EI ol
FOSYYIRAIIT  BLECL (5 R I'EI%Q?’FWEL AR S S Y

3.0 CJE'2 plEh: FUS (PMes)

YRV SET2 puE M (1) RISk = e (CIJ?F ) PP P (PMes) T
AR 5T 1 (i) R SR A OPML - iﬂ&;wgl i) U R = e
T (sub) T ESPUPMLs A

TP 12 VR < Moo il i 3600 = F30 CRI A ) u7 PEICT 4 T
FIIE R 3 Hﬁ“ (MM) ”)IPE 19 e JRAURE uirj:&**#f (1} 2002 # 10 *] %] 2003
& 6 ) fo= AR T T EGAT] 24 Jﬁﬁﬂig’?fﬁ@J IR W‘ﬂu AR A
i*;"'%pﬁﬁ%j]}@tki, ORI R ”WIJ?FF jﬁé[‘qu *%p H\?Fﬁ Li%% F ey
P kL 2 ez T - i“ A @“ KT fﬂ A
SPUHIERIT SR RO S i

A TORAEE] s B R i@%ﬁﬁp TR R | iPMzsﬁi'dw“ [*Hl‘ef'% :
T SBBATE AR L SR AI T IV PR o [ ﬂ&'f@?ﬂzi*“ F
P S PMas f[aj?drp Emz,{u gjiizﬁ}ﬂ(cu}“"*“pﬂ’fif* By A ?JJTW;:**)H By FIT
I EEY ) - IPA’ﬁ e #L?JFIJﬁI%ﬂ\’%’f LR [ ;ﬁﬁ'ﬁ?#'ﬁ?ﬁﬁ dﬁ\
Tepyu— YRRV RRA e

10 Bt | F | X PETRUE T a f Jz;gﬁﬂh r\i,w%g#w@#ﬁ 10 5] ~ 12 B ~ 3 E[FI6 R Rermie
Fpe J?F A s

18



FYHATIERD = FN R SR
¥E

ik b g

2°
112

[ @ PY[eIF=pEz }[E R F)}[ﬁlﬂ F” 7 /urfkf LFUm‘ o1 ﬁ. ﬁ!} EIJ}-F"[!J\I NERIEL NN H[L [7‘?[[3; ’J*
EIJ}‘FIﬁ‘ SN ’f[ SIS o PR R R T ED L J—kiﬁ%»‘@ﬁ?‘f

31 RIRG

PR S
R 1 RIS AT B PR ML A )

ﬁfﬁ*ﬁ“@'ﬁﬂﬁ EJPM%?;»??F} O T ISPMLR R LT IR (71 2 gm”) -
HO Rl (47Mgm )~ i (46 wgm™) ~ (™ (37 wgm®) ~ i (34,agm )~ ]
Crem™)~ 7] (32pgm™) « B g SETIS T EIEF 2 Um B ARE 15 ¢ gm” o T BT
”?CEHWD@ Wﬁﬁ*&ﬁﬁﬂ@&ﬂﬁﬁf*%w jﬁhWHmMﬁiw
24-53%F1 21-32% -

[ %JT Sise=al %?gf{fj’%ﬂ;lﬁgj?@ FI{E FA' %‘i—'z‘dg PR 1el E[fj;f{'l-‘]é[fjii\:@ e ‘)‘Hfﬁfm@f
7 PRI < R PR S LT B ST o g e
P (o hzdIbl) AR S (SRS -

RIEH 2 0 T SR S FPVIPMLfi - ek TR

19



R 2 R AL

¥E
HES SMER A Bﬁﬂfp’f@‘zﬁ %*EI”J* T RLRL T i P PRV SR (SO2) @ [
E4 ’T‘IEW rsﬁ?ﬁ"J(CMB)“ e F"?de\@]‘ﬁbq# e S BRI AP EZ
E SIS i A e EW% OTRURLY J AR P00 e = »TEERE *ﬁLHI
HIT BT 15-27%71 14-22% -

%mwﬁwwéﬁwﬂWWWH@ﬁﬂ@%mm@ﬁwo&fw’ﬁm%¢ﬁﬂﬂﬁw

R [TIBERL 16% » AHIE= N RF 1R 10% = 65 VAR » 75 R T ol e o
iﬁiﬁgdﬁﬁkj‘ [P de[[ﬂ?rn WL 7% F120% 7 it % *ﬁﬁfa AR A T AL
= EJ#LE&EJ~ ’rfjgl;wg{ *LLs«jL J#Lﬁ&pﬁ HF [ F{ﬁﬁ{ﬁ,ﬁi }‘,ﬂ TNV RY T9%E]
[ 25% -

BIZE3 ¢ E RIS T BEAPM:s

- x%\;Wﬁﬂl‘Elﬁ‘a ;HWJ. (57 55 pusT TR F“?%FPMM"
PMas , O TS SRR Y PMLsTRSRY ] ©

Bt ST S F PR E R SRS, Tk L AT ARG o ‘p”**ff*ﬂjﬂ’f‘
%fﬁupﬁﬁ' Oy T L A ’HF*FEZ/‘F"% Y& *fﬁkgﬂﬁu H% (24 l‘ﬁ[) 33 A ﬁ‘ I
Iﬁrii f[*ﬂ?)“, =3 %QTF[J~ /FE']%@’F] ﬁ[:‘lll F' Ji » v LLJF’JTFH——&};KH”%[[FKEH \@FIL !
2 4 l‘ﬁ] F T TT F[fﬁ PRV ERY e © AT PR o R pRL - )
e P T AR RE ORI 3 T R SO A] O -

3.2 - WERpVHEE:

o Iz = é’ﬁkk’ﬁﬁf@ﬁpfj Fﬁ’gﬁf’j F’Iﬂlb AR
. ’F‘“J{L_ét ?yﬁj@{\ef;,@g F[fjfjj'{;‘ﬁ‘}:l:lﬁtj ]I EW?EW% {E?’J’ﬁ? :
o JUEIZRT S APV VE FHERAVRE

o PEMIRI S PN B P RA R TSR ORY -

40 FdERp

41 W& ﬁ PlRvE £

ﬁfﬁ/}[ﬁ [ig - J'ELJJ—{T }IEJI IJ [[T_F 2 ? H:}\FJF”F’ITEEI;*I%HT: Eﬁ)”—l-“ % I'JIEJFIJI:’:
Ao BTEIO 7R R W S RO TR S A A

20



FYHATIERD = FN R SR
¥E

wgwmwwﬁfLﬁﬁuﬁwJW oK RT3 v 4 BAISIRR L
¢%wvﬁwﬁw¢ﬁ b¢%‘ﬂwTH@%wwﬁva*Tﬂ%w%ﬁ“%w
R NI D FIRGER 2 pus 3 i g ,f&ﬂl T E L&TJF”APH' (eIl }bﬁEJEJj{'ﬂ‘[ﬂ:
L B FIE P ’Krﬁ:;i‘{‘d EJ"‘CI—J\il ‘[LJ“ ’J’Kﬁf% B ﬁ—f ph#fﬁ U{EIM ﬁ
;IE,IFU A ,r»?‘ i 5 f Hh‘lp_[}ﬂﬂ?‘y f} s TS F R ﬁrpjﬁ“«rrwﬁ M},;y '[?Bétﬁp R
ﬂl‘gﬁ,l%ﬁ ﬁij& o ﬁ?JE"JJH @—f, ;;i,ﬁ i FIJEJI_‘ (= ¥ IE[T+ & f h‘ [z[iff_ H FF?FEI*: i | IJ%Z
fel ’ﬂ/*?%iiﬁlﬁ%fﬁf“" S E IR R ORISR o iR ”Equpﬁj
TYERL) '?*VEF"”?E"WLTJ S AF B E

42 FElEE

[t & gy 5‘/%\[ It B Y- ¢§[F;l pji,iﬁﬁia%pﬂ[[*H[ﬁﬁ@ﬂ&kﬁﬂpuh
JI’J‘Iél ﬁr g | ﬁqu}[ #‘fl\ U[E FIJF gk yi‘&‘ﬂhu?@“/@zﬂ.ﬁwq UIE Jgrr’?fiiﬁij
«ﬁ[g 3R FILJ'rJS}i”‘JJ ~ih £ f PLARPUZ B2~ MR = E T e J[[F‘;fﬁﬂjﬂ‘ ]?E °
Jicw\tgp UHEE: cpf?j{fvwﬁj ﬁﬂﬂif;{:j*: E| ?}”f iﬁ;rﬁﬁj u“ﬂr wzi,ﬁ » - meNﬁLVqL
i RS 295 y;g bl R SR D'[s«jt IR > - +F[_] 4
ﬂjp[pﬁx JHIE 'LL[/iES«:L“fq i,efm *?F &kl r)}fﬁl,\ﬁw&”m oo FiFh qYpre s 1Y

Pl e =2 S M (R B %lﬁi*lﬁjﬁ-u,]apfh‘;’:@ CABRYER] o

43 HAEIR
(i A4 B a1 R LSt 8 L R ol st

D BRSPS R RARL ST 5T BT - 5 6 g ML LA A

D+ TR S AN S ez

3- H R ez = WA & FEFS ™ Fh (R = ) K

4- Iy =wﬁ£iim BVATLE] T AL 4 1| 1 2 i = i Wt i L SBIEFZ 2] 7 A
R

5. gt TF@gﬁu—' o TEI AR - AR T F,}Jﬁ[[y[;;ﬁf‘e—ﬁjg-[gggggﬁlg
B i S SRR

6 W AL Y I A R

7- wﬁlﬁfﬁﬂﬁwﬂf Hﬁﬁ*ﬂY%ﬁ&“ﬁuiﬁ

RSTRAHT SE TUSRIE R TR O R
RURLE 1= 053 < 2P I > AR R I AR s 20T s

R PLTE Sl AR Ui ﬂ’#flfg'l WEEPOR= ]y " /S AT 2003 # o [EH : Ryan Lee, Andy Li and
David Malachowski-Onne, Worcester Polytechnic Institute (ngllﬁ;’\[iérmp FEFH VPS> 3 PLLF‘XJifﬁ
http://www.civic-exchange.org)

21



FYHATIERD = FN R SR
¥E

e b N5 s Al @”ph CHNEE o~ T H T E]U[S(Mﬁul @jj‘)ﬁﬁ;?]‘{’g@
Fi- UIE'EJ]H,E» I&[Tr[ @[T;{L Cisfio T [ [‘Jf’ R PerFH?‘

b A
50 zZfwe

ﬂﬂﬁlj AT LR S AR Mﬁﬁﬂvm’“ T R, FEE 19
ISR T R E R AVZR N - SE R IR S F PN ek
MMwﬁjﬂwﬁi F‘iﬁﬂﬂjﬁ¢%ﬁﬁﬁwmmm$w*#?? s
A Eflfo N (LAY B g~ Sk ﬂfﬁﬂﬂi&? SHE ~ AR Al
P =g E/fﬁfd[iuﬁiﬂlﬁ“*ﬁﬂpllﬁﬂ“ Rl %PFW“ e N 2l Tt
wff«f;[tpug{wﬂ[@puﬁgl 3 I/Jsajt,ivfﬂ%%pf;fq J/“[/J@‘.Fuﬁ | FA IS @Fg s
AR L P S U ORI - [l ﬁg%mﬁ - f}lE‘I’JT“fEr'H (A

F\II'UF‘]H - %H'ﬁi* L%H[ﬁi*\u%ﬁw {Epyas Jl:lgf sl M JJ%[I}‘;—I\ r}ﬂ’ﬁ IJ* J_fjl:\_la[‘ﬁ‘_k
a7 '113'»?]745%[[@[/irﬁfip’}l“‘ﬁ’#}é{ o?iF W [J;;\F*z‘ u@ﬁi h = HPUSCEEE 2 L
([ {2 R FOR R TR = P 2T SR I R g P A
i

6.0 HICPEEIFE
B S R A R 5 ORI P ST R

(1) FHASRT S RO AR S P S
il JTE% AR A
EL: ?ﬁﬁlJﬁpl§$niﬁﬁ“ 2004 & 7 E| 31 fI
#Fﬁ?ﬁ ﬂl{h P if[; T 5 (GIT), W.L. Chameides, GIT,
EL N pﬁ%~ YO TR I

) ﬁ?ﬁﬁ[ﬁ{ﬂ = EPRSE! 'Jiﬁ%ﬂ'}?fit = F PR S SR EIT Bl
SO BRI
JEFE R

JEI2: ﬁﬁﬁ'ﬁ"t} EPIUANSEF ST (PMes) » 2004 & 8 £] 13 !
E-f’ﬁ@ij & Michael Bergin, I"EYF"[T 2R 2[5 (GIT ) Gayle Hagler, (GIT) » Lynn Salmon,
PN S (CIT), <P l'éiﬁf’%‘: %[ > W. L. Chameides ° I"Eff[f’
Z’ ST Yf FE > I5A5 > James Schaver, BT A )

» HEEE ?%F%Iﬁ*A

"T}TE‘TB"' R ISR pLER R T P FF
http //wwwcmc exchange.org (: Hj 2004 & 11 F|HHS)

ﬁ%ﬁ“‘j{ﬁ' NS s Pﬁﬁ http://www.ce.gatch.edu/-mhbergin/hk_prd_public

22



SPCEIS £ R B I A

(1) &[255 fil £

mﬁ

R [ 2101 AU 150

R R K

5 fi

U YRR RS R L X

BERGIN, Mike - [’éif‘,fu I 2Tk

CHAMEIDES, W. L. - ]’éff}f’i’j Sk

CHANG,WL. - Fﬁ?ﬁ
I

HAGLER, Gayle - { F",Z"’fﬁ': 45

HO, Kevin -

Kendall, Gayle -
THEL -
W - FE
LA Ak Ui
HH - ATl
THE - TSR A
PR - FHAERELY
A - Iy
SEREE R TR

@) B £

Rl

A RIS [ 2O 5

® Py RV S [l 20T

® PRI il 2 UL SR F

© fifh AR

23



SPCEIS £ R B I A

5 fi

CHAN, Chak - FiHbR[#A5

LLY.S. - Fus 5
FIFED - RV ()

MEAGHER, Jim - NOAA Aeronomy Laboratory
SCHAUER, James - f’fﬁ?ﬁif’i‘j P
SLANINA, Sjaak - Jfi*5"

STREETS, David - Argonne National Laboratory
g - P

®) WEF[I£

Epﬁ}

[ESANES EIUE‘PﬁJ gz ?ﬁ:

® i A LR S

® = [IniE BRI P SIS 7
® U SIFEEITE 1T R A S I’ﬁ RV T ﬁﬂ?ﬁ’f@ﬁfm = R R
e

5 fi

CORSON, Brad - ,
EASTWOOD, Richard - ,
TR - TN

KU, Andy -

LI Alice -

Bﬁ#j&;ﬁl& - [l

EE -

Uebergang, Kylie - F!;'E%Ffﬁ\]’ﬁﬁdtﬁ’?

24



BRI LS I i B

Argonne National Laboratory USA

California Institute of Technology, Environmental Science and Engineering, USA

)

AT PR, 5 o
SRR e S A

Georgia Institute of Technology, School of Civil and Environmental Engineering and School
of Earth and Atmospheric Sciences, USA

f§ﬂ@m’w¢*wﬂwﬁ
~~~~~ ST [ N
ﬁ%?@%

PRI A% o AR
RIS A S A
NOAA Aeronomy Laboratory

P ALY S A

VI sl

University of California, Irvine, USA

FIE P s e f S A

25



