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Characteristics, distribution and source apportionment of polycyclic

aromatic hydrocarbons in fine particulate in Nanjing, China

(Jiabao He?, Shuxian Fan'?, Fan Zu?, Qingzi Meng?, Jian Zhang?, Yu Sun?)
1. Department of Atmospheric Physics, Nanjing University of Information Science and Technology, Nanjing
210044, China
2. Key Laboratory for Meteorological Disaster, Ministry of Education, Nanjing University of Information

Science and Technology, Nanjing 210044, China

Abstract: A study of 16 EPA priority polycyclic aromatic hydrocarbons (PAHS) associated with particulate
matter (PMz.1) in the ambient air in Nanjing was carried out from November 2009 to July 2010.Total PAH
concentrations during the sampling period were in the range of 25.91-102.25 ng/m3(average value:
58.09ng/m?), with relatively higher values in nighttime rather than daytime. Differing from other studies,
PM2.1-bound PAHSs were found to be more abundant at suburban site , which was due to the sharp increase
in vehicle numbers for recent years in suburban along with the development of urbanization and the unique
industrial circumstance around the suburban site. What’s more, similarities between the profiles for two
sites were identified by using coefficient of divergence, predicting PAHs from the two districts have
common sources. Correlation analysis proved the PM2.1-bound PAHs mainly derived from combustion
activities and the species of BbF, Chr, Fla, InP, BeP, BghiP, all of which were vehicle markers, dominated
the PAH profiles. The average concentrations in four reasons were in the order of winter>spring>autumn
>summer, owing to both pollution sources local or external and meteorological factors. Apportioned by
Diagnostic ratios and Principal component analyses(PCA), yearly potential sources of PM2.1- bound PAHs
in Nanjing were traffic exhaust and coal consumption including coal combustion, coal gas production and
coke oven. During autumn, local emission provided a higher level of contribution with the source of
wood/biomass burning supplied. However, air masses in spring and winter were relatively aged and
influenced more by long range transport. Particulates in summer were diluted by Asian monsoon with much
degradation happened.
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A+ JE A TR R 2 B S ik R R BRI

&M WRF/Chem X B Hr#F R B S AR R AR ERME RBEBR

GHZEF" ", B R H)
1 R — PR IR 2L TRER, Rl
2 11l KBIRBE T it

B FRMIRA AR VS RS S L BRI, SR AV Ui (e JRD) 12 R

SimB s, AR EEEREAN —RINR SR/ T mBUEEE I —WRF/Chem, HHERTHT T ST S
A G R L AR LR, WA IR R AR R R R R . AT T A e 3 e LR
BIARIAM (2011 4E 8 H 24-30 H), FEEE KSR IR IETE . B 78 b i it b e U B i 9540
148 72 /NRR R, SRR SIS . LRSS RBUR: R EReRCE R H 2w — H R,
SR . KRR R A TR IR m B 5 (90 ppb PAE) o HIA ARG B — KI5 e E
Y, KIGumdat om 8 B SRR U A, R BRI i BN R . B8 RZ & R, BA
gy vy LSRR P ) T RN, AR R AR o Vb R o A L ) b R v R, R R SR AR A
i, Hoth i S B S (500 hpa) TE RS R AR 585, S35l I 30 i R B Bt . o 4
TS E (8 L) 52 3 38 5| T Z W He I &V e S IR AT, S ORRRA T UL, ABEEMD, KGR
e, R R AR RA. AHEFCIEE WRF/Chem Yotk SRR, AHGILI5 Yeiy 52 2 i 5
RS, B SR 5 DR 3R 25 5 228 [ K S 2 A B 1Y) B R A S DR 3R

B%REF: WRFC/Chem, FAF5lE, RA, HABIE

DE&W F

L. BFFesgiE

SO RN O, SR TR SERPE B E TR, A RIS e AT B SRR, A
PETRSE o 2 AN AR G . LGV g 5 m e AR I 20, HH R R e b I 2 5 VS Hh I EE T3
SR ESE, THEA. &BEFE T, T2l 208 g Ea Eitih e th, 150 5%
THRIGHRVIRE AR EIE. FE L, R AR AL G b5 38R 2 5 2 1R 34 A
SERREUR, ShF I A G R A RIIE S, MESuE S R mE A R HERF R,
B 17 Bl K s TEFREIATA REN SRR A, 68 SRR O R 2 BURIR B R R A1)
FE A A, O M i 2 2 R AR B R R . M T, SR BRI L A
PRI 52 31 Hh g1 AR 1 FELRS (B s FE B2 4000 m) , 55 7E /& B Hb s T2 B iy SRR L s, 25 58005 G i A
Sy, REIRBEHATRIG RN RERIANE, RIFMSEMEHLGER. Fik, —RREKEZRR
SEHTWIN, Zen B E A R B A AN BT SR, T R A AR S R L
ol R, SRS RYITE B R R R R T, AR RE P RN A S . SR
TR A, e EUET AT (2 38 G vt I R, I R SRR T A MR8 e AR R A, R S5
15 LR BEA R IRy ] v BRI G, L S I 3 ) 5 9 A 6 3 PR R 2 s e i . B BUE

153



11st National Aerosol Conference and 10™ Cross-strait Workshop for Aerosol Science and Technology

SEBIR IR N R, V5B E IR AT o

BVEMERHER . MR RS, FEpERe BB AR R B R B L5, W A G
B A B R ARICE o MR ERORE BN L SR B SORRBUR B e P BEE 5 ¥4 1000-2000 2
iy, SMEIRERIE 2B R AREEE, G IR b R (e IR BSR R AR, LR
BV 5 i S SR TS A By R IR G, A5 2 50005 YWl Bk LTt R [ D BT s ol A ol 3t
Bt 2 A B R SO AL . RSB AT T et A R B, R A R B A AR ik (PST>100) , e JEL B
AR AL B K 2 S TP E R I GV SRR R, R R e G T - SRR R L
1T, R BE RS R R, B S R R BRI B A RIS . EIRRFIR ISR G5
R EGEE TN, DEMEARKEERR.

et Ay fi EE LR A 52 B A B SRS G e R 3, R IR R M A R A T — D
figp AR B PO B AL S R, AT T B U BT — AR RUBE SR B/ 23 it BB S 30— WRE/Chem, A543
PN S S Pl 5V R L IR B ST, M0 — D T B U AR R R E R R
AT TR A5E e G A e JE R 5 AT YT (2011 4E 8 F] 24-30 H), FIEE R AIRESLE L. HHIT
FAF AT > it RE BRI SR AT TR 72 NN, KRR T EHIUIR], RAAIR LR S AR B AT A
R BT Al SRS FOL R AR, AR R R 225 AN, R TR S
e LB R ] 2 S B S R R I 255

2. AR TTE
2.1 WRF/Chem #ERfE A

AWFFLIEH WRE/Chem 55 3 Biist (Weather Research Forecast/Chemistry) ™47 4 G5t 5il
ERT UR FEAR A, AR 225 S B URT AIF 58 P AN 2487 B i 3 (R 3 2 o — AR b RS BB A
o CABA 9% A b FE A T R AR PR 1) 22 SUIRAIS BUE % B AR, AW DUEREEY) . 1R
FEVEAE. R, (RS TS FRR . AL, WRF IR RLGEE T A RN R S TER (kS
WPE, ARSENTEE T LUER] 1-10 A B, A4h, WRF FEUAS & 20 BUE T iE g BRSO, B
S () EE R, BT 2 BB B A S LA S R B A B A

AT TR WRE B2 () RADM2 A4, HEAT KA R AR I OB B /047 . ST B, WRF B
CLEH R 2 MG T/ PR LT 2 08T, ALY E mT e A i 8 A ) CRRRAI RO, SR VTR
A . SRIEBIGENE) S (BIEEEAEEEE) &, BIIAEE. 1N RADM2 541
i AR S EYE 2> FA0F2: (reactively lumped molecule), #FMEMEAVEMS ) (5 14 BRZEME. 4
FEVEPE RS DUACR. B KE=FEEEEE), LRSS (5 26 FEFE e E A 16 flik
FACIBE HER), MIANRERE RS, Hoh BAE HERE RRIRE ) VOCs MR F A £,
WA B EE T, RADM2 AR4B M AL SOER I FNHE R, T UL, 3R 2% 16 KM, HAiim
VA H RIS RO RE R, (Ha2 R SR VOCs S EPEAR ZE B, AHBE 1) 0 B B 2%
WY, R LR P EY B RKEY, EREE SIS ERIENE FER, i
WAEA RV REVERSRSS, A TARPIRE. tAh, mh RE. GERE. fEfR fiE A& 2 TH
RIVREEAE, 2523 Nox MEER e Gl SR EMRC 2, Mt RERS ) AR, B2 & FEARR 1A
FEAG R S RG] o EH A SRAT IO 2 A R IRy, 75 S T R I A B A 22 S B R ), [R5
BT SR, T R RO A AR ST CARAL" Y, DLRIAE BT . RADM2 S JEERE
Fra BIRTER, MURHEIL RATER A RADM2 B, A48 70 AT 5L 8 0 il U1 T %4



A J e O R B B SRR R R BRI &

AW TSR R 2 & k), LLIEB] NCEP Global Final Analyses 1.0° X1.0° (f&#% FNL)
RN B 2 IRIR X M5 A¥1aS (http://rda. ucar. edu/datasets/ds083. 2/), W LIFF 6 /NEEA
SriTERE, METTAHBIRI B, SRR AN BT — AR A R . BIERERE, ek IEER
Jig JE K R BhER A, JLERE =g SLIRATMS (anlE 1), BEREAERS 10 oD BRE e AR BRAR 1257, JbAE 20°.
o, %5—J% Domain 1 (D1) A9A% fAT RS E 2 27 kmx27 kmy 25 — % Domain 2 (D2) 494K AT FE 2% 9 kmx
9 km; % =J& Domain 3(D3) A& MAATREIEE A 3 kmx 3 kmo 4L, AR Y AT B HE1R 500
AR ERGERE 30 1), MR BEAEAd FH BI04 (Lambert) $52. SAME R4S, (i 1D B S48,
R AP PR 2 T o Bl 8028 b K s SR g e B R 5 1 A S, KPR 3% 115X91, 4k
fEE 27 AHL; [ 2 BEEE, UG 23, HACPREES 73X73, HKEHE 9 AR, &
13 RILL G m el I A, KPR 31X 31, AR fIREA 3 AH (B 1. tarid, AwF7#m
WRF SUEBL, Mt S0 e A /e S IR IR SR R G AR R 28, AH R AR e Wk 1 R
AT 5 ) FH B O B AN v e B 2 et 2 S A 4 SR (RS o B an b 1), WEACE DA &[5
()35 G IR HE BSOS T (R R% TEDS) ,  LUBHAHBA < Bt as R . nah, AR st R AR, 0L
(CST, China Standard Time, CST=UTC+8) 7% EEHGARMK: M FEH.

e 100 800

30 450 600 750 900 1050 1200 1350 650 1800

1. AR R PR ‘zzﬁ%ﬂkﬁ%%@iﬁ (/T ) S vy e [ 2 S R B s (Il ) 2 AR BT
(B B . RRE (NZ) o 227 ( ZY) /D (XG) K% (DL) &53f)

F 1: WRF-Chem #t% A B 2 WREH

Type of setting DM1 DM2 DM3
Horizontal grid(x,y) 115,91 73,73 46,46
Grid spacing 27 km 9 km 1km
Meteorological time step 180 s 60 s 20s
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Long wave radiation RRTM  scheme
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Subgrid convective transport Turned on

Photolysis option Madronich photolysis
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Continuous observations of water-soluble ions in PM2 s over different

seasons in Beijing: Variability, ions formation, and aerosol acidity

(Guoyuan Hu?, Yangmei Zhang®”, Junying Sun?, Weili Lin®, Yun Yang?)
1. Wuhan University, Wuhan, China
2. Key Laboratory for Atmospheric Chemistry, Chinese Academy of Meteorological Sciences, Beijing,
China;

3. Meteorological observation Center, Beijing, China

Abstract :Hourly real-time measurements of water-soluble ions including sulfate, nitrate, ammonium,
sodium, calcium et al., in PM2s were employed at an urban station from June to December in 2009. The
average concentrations of total water soluble ions were 44 pg m3, accounting for 38% of PM2s mass
concentration. Monthly characterizations of these water-soluble ions in aerosol and gas phase were
summarized. The highest concentration also with highest sulfate is in July, lowest in September and
October. SO, and NOx concentration increase while decrease for Oz in November related with heating
emission, low temperature, weak solar radiation. It is concluded that the average SO; oxidation ratio (SOR)
for the whole campaign is about 63%, with maximum (82%) in August and minimum in November. Both
nitrate oxidation ratio (NOR) and the mean mass ratio (in pg/m3) of NH3a/NHx (NHR) were much lower
than that of SOR, which was 15% in average, maximum in July and minimum in November. The same
trend of NOR and NHR suggested that NHx (NHs+NH4*) was also influenced by local sources and
underwent the same transformation process at the atmosphere. Dramatic diurnal pattern of SO,%, NOs™ and
NH4* were monitored, but no obvious diurnal cycles for sodium, calcium and potassium were observed.
The analysis of the equivalents of cations to anions revealed the existence of the acidic aerosols in PM; s at
the urban site. Most of time, sulfate aerosol exists as NH4HSO4, large amount of anthropogenic emission
and photo chemically aged result in the acidic aerosol.

Key words: PM2.5, water-soluble aerosol, SOR, NOR, acidic aerosol
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Effect of NH3 on the Formation of Indoor Secondary Pollutants from
Ozone/Monoterpenes Reactions

(Yu Huang 2, Shun Cheng Lee " Kin Fai Ho °, Jiaping Wang 2, and Xinyi Niu?)

@ Department of Civil and Environmental Engineering,
Research Center for Environmental Technology and Management,

The Hong Kong Polytechnic University, Hung Hom, Hong Kong, China
®School of Public Health and Primary Care, The Chinese University of Hong Kong
*Corresponding author tel.: 00-852-27666011; fax: 00-852-23346389.
E-mail address: ceslee@polyu.edu.hk (Prof. S.C. Lee)

Abstract:D-limonene is one of the dominant terpenoids in indoor environment, which can be emitted from
cleaning products and air fresheners. D-limonene is prone to oxidation resulting in the formation of
secondary pollutants including secondary organic aerosol (SOA), hydrogen peroxide and organic peroxide
which can pose health risks on residents. In this study, we investigated the effect of ammonia (NHs) on the
formation of indoor SOA, hydrogen peroxide and organic peroxide from ozone/d-limonene reactions. The
experimental results demonstrated that the presence of NHs (maximum concentration is 240 ppb) could
significantly enhance the yields of SOA from the ozonolysis of d-limonene, but it had negligible effect on
the production of hydrogen peroxide and organic peroxide. The maximum total particle number
concentration generated from the oxidation reactions was up to 1.3x10° #cm™ in the presence of NHs,
while it was 5.7>10* #cm™ which was 43% lower without NHs. The total peroxides concentration was
approximately 0.9 ppb with and without NH; existence. The maximum concentrations of hydrogen
peroxide and organic peroxide were 0.7 ppb and 0.2 ppb, respectively. The mechanism regarding to the
NH; effect on the generation of indoor secondary pollutants from ozone/d-limonene reactions was further
discussed.

Keywords: Indoor secondary pollutants; ozonolysis; ammonia effect; hydrogen peroxides and organic

peroxides
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Applying Aerosol Chemical Speciation Monitor (ACSM) real-time online
fast monitoring of the Chemical and organic Composition of induceing haze

fine particles

Jiang qi®®@, Sun yele®”, Wang zifa®, Yinyan®, Wang fei®

Key Laboratory for Aerosol-Cloud-Precipitation of China Meteorological Administration, Nanjing University
of Information Science & Technology, Nanjing 210044, China

State Key Laboratory of Atmospheric Boundary Layer Physics and Atmospheric Chemistry,Institute of
Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029, China

Chinese academy of meteorological sciences, Beijing 100081, China

Abstract The haze attacked our country in the vast areas of eastern region including Beijing frequently,
not only resulted in a wide range of air pollution, but also seriously harm to human health. The haze
formation is closely related to the chemical composition of fine particulate matter. This paper reports the
application of Aerosol Chemical Speciation Monitor (ACSM) in characterization of induced haze chemical

composition of fine particles including organic matter, sulfate, nitrate, ammonium, chloride and rapidly
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estimating of atmospheric primary and secondary organic components in detail. The observational studies
of submicron aerosol species (PM3) in September, 2012 have found that the chemical composition of the
haze heavy pollution days and the cleaning days exhibiting significant differences. The organic is the main
chemical component of the PM, the average contribution to PM; is ~70% in Cleaning days, but in heavy
haze pollution days, the contribution of secondary inorganic species increasing significantly, more than
50%.
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Observation and Analysis of Optical Properties of Atmospheric Aerosols in

Beijing Urban Area

(Jing Junshan'2, Zhang Renjian, Che Huizheng®, Wu Yunfei!, Xia Xiangao*, Yan Peng®, Zhao Deming?)
! Key Laboratory of Regional Climate-Environment Research for Temperate East Asia, Institute of
Atmospheric Physics, Chinese Academy of Sciences, Beijing
2 University of Chinese Academy of Sciences, Beijing
3 Key Laboratory of Atmospheric Chemistry, Centre for Atmosphere Watch and Services, Chinese Academy
of Meteorological Sciences, China
4LAGEDQ, Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing
® Meteorological Observation Center of CMA, Beijing

Abstract: One year (from June 2009 to May 2010) measurements of PM; s, aerosol absorption coefficient
and scattering coefficient were analysed at an urban site in Beijing. Annual averages of PM; s, absorption
coefficient, scattering coefficient, single scattering albedo, mass absorption efficiency and scattering
efficiency were 67.39466.23 pg m3, 63.73462.06 Mm* and 360.454404.96 Mm*, 0.82, 0.78 m?g* and
5.55 m? g, respectively. With maximum during the night and minimum in the afternoon, absorption
coefficient and scattering coefficient showed the same diurnal characteristics while SSA displayed contrary
tendency. Wind reduced the impact of the aerosol optical properties on atmospheric visibility, but
sometimes airflow derived from the southeast of Beijing could cause absorption coefficient and scattering
coefficient increase in the summer and autumn. It was the accumulation of pollutants that resulting in the
rise of absorption coefficient and scattering coefficient and the visibility deterioration in summer, autumn
and winter while in spring, the airflows from the dust sources elevated the particulate concentrations
several times, but had limited effect on absorption coefficient and scattering coefficient. The frequencies of
haze in autumn was higher than other seasons and visibility exponentially decayed with increasing PM: s
concentration, which should be controlled lower than 64 ug m= to preserve the visibility more than 10 km.

Keywords: Aerosol absorption coefficient, Aerosol scattering coefficient, Haze
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! National Museum of Marine Biology and Aquarium, Pingtung, Taiwan
2 Institute of Marine Biodiversity and Evolutionary Biology, National Dong-Hwa University, Pingtung,
Taiwan
% Department of Marine Environment and Engineering, National Sun Yat-Sen University, Kaohsiung,

Taiwan

Abstact: The atmospheric concentrations and gas-particle partitioning of polycyclic aromatic hydrocarbons
(PAHSs) were determined in the tropical region of southern Taiwan. The concentrations of total suspended
particulates (TSP) and total PAH (t-PAH; gas+particulate) ranged from 1.6 to 78.8 pg m™ and 400 to 4400
pg m3, respectively. A seasonal variability in t-PAH concentrations was observed, with the highest levels of
particle-associated PAHs found in winter/cold season. Diagnostic ratios showed that PAHs in the
atmosphere predominantly come from vehicle emissions and biomass burning. The result of principal
component analysis (PCA) indicated that due to long-range transport, PAHSs in the southern Taiwan may
originate from neighboring areas, such as the Kaohsiung metropolis during wintertime. In all samples,
gas-particle partition coefficients (Ky) of PAHSs correlated with sub-cooled liquid vapor pressures (P°.) and
octanol-air partition coefficients (Koa). The regression slopes of log K versus log P°_ of all the sample were
greater than -0.6, which was shallower than other studies conducted in temperate and subtropical zones,
and reflected a non-exchangeable PAH fraction in the aerosols, likely associated to the soot carbon phase.
This phenomenon might be caused by the significant photolysis of gaseous PAHSs by light intensity in tropic
southern Taiwan and the slow depuration of particulate phase. Experimental gas-particle partition
coefficients (Kp) were compared to the predictions of octanol-air (Koa) and soot-air (Ksa) partition
coefficient models, showing that both Ko and Ksa models underestimated the K, values in this study. The
preliminary observation of gas-particle partitioning of PAHs indicates the presence of a strong absorbent in
the atmospheric aerosol, most likely soot carbon, in the tropic southern Taiwan.

Keywords: PAHSs, tropical area, gas-particle partitioning, soot carbon

Introduction

Polycyclic aromatic hydrocarbons (PAHSs), containing two or more fused aromatic rings made up of carbon
and hydrogen atoms, are a group of ubiquitous environmental persistent organic pollutants and have been
recognized of major concern of environmental and health scientists due to their potential accumulation and
mutagenic and carcinogenic effects in organisms (1). PAHSs are mainly produced by incomplete combustion
of organic material and fossil fuels. The largest emissions of PAHSs in the atmosphere from vehicle exhaust,
industrial discharge, home heating, biomass burning, and coal and wood combustion (2-4). In the
atmosphere, PAH are partitioned between gas and particle phase, and the partitioning are by influenced on a
number of factors, including the ambient temperature, the surface area of the particles per unit volume of
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air, and the nature of the particles (5-7). The gas-particle partitioning is an important factor influencing
PAHSs fate in the environment, such as long-rang atmospheric transport, transformation between phase and
phase, and removal from atmosphere via wet and dry deposition (8-10). In recent years, a lot number of
studies have been conducted to determine the
concentrations and spatial distribution of gas
and particle phase (11-18). However, almost all
of these studies have focused on urban area.
Recently, some rural or regional background
sites and high mountain region also be research
and discussion (19,-21). But these studies were
focused in temperate and subtropical zone, few
studies in tropical area.

The objectives of this study were to measure
the atmospheric PAH concentrations of gas and
particle phases in southern Taiwan, to
investigate the variation in seasonal and
potential contributions of PAHSs, and to study the correlation of observed gas-particle partition coefficients
to the sub-cooled liquid vapor pressure (P°.) and octanol-air partition coefficients (Koa).

Materials and Methods

Sampling Sites Description. Ambient air sample were collected at two
rural sites of Hengchun Peninsula in the South Taiwan (Fig. 1). The
Hunwan station (HW, 22.046, 120.702) located west of Hengchun
Peninsula. The Nanwan station (NW, 21.949, 120.781) located the
southern end of Hengchun Peninsula. The local PAH sources in this
study area are coke oven emission, fishing boats, tourist buses and
other transportation vehicles. Meteorological parameters including
temperature, precipitation, wind speeds and wind direction were
obtained from hourly data measured by a meteorological station of the

Central Weather Bureau in Hengchun during each sampling event

(Meteorological data download from Data Bank for Atmospheric
Research).
Fig. Fig. 1. Map of the sampling site in Hengchun Peninsula, Taiwan.

Sample Collection. The air samples were collected with a high volume air sampler (TE-1000 PUF, Tisch
Environmental, USA; Fig. 2) running at an average flow rate of 0.195 + 0.009 m'min for 48 h from
January to December 2010 at least twice per month. The gas phase was captured on polyurethane foam
(PUF; 3 cm x 5 cm), and the particulate phase was collected on quartz fiber filters (QFF, Tissuquartz,
2500QAT-UP, 102 mm, PALL). After sampling, each QFF and PUF was separately wrapped in aluminum

foil and stored in a freezer at -20°C until analysis. The flow rate of air sampler was calibrated every three
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months. Air volumes collected were nominally by m3, based on the average of the initial and final air
velocities for each sample.
Fig. 2. High volume air sampler (TE-1000 PUF).

Samples were collected from Jan to Dec 2010.

Extraction and Analysis. Each QFF and PUF was extracted in a Soxhlet apparatus for 24 h with n-hexane
and petroleum ether. The sample extract was concentrated in a rotary evaporator and then fractionated
through an alumina oxide column (deactivated with Milli-Q water) with n-hexane to remove any
interference. The resulting extract was concentrated and transferred to a pre-combusted test tube. The
extract was then reduced in volume to ~0.5 mL under a purified nitrogen stream and sealed in an amber vial
for GC-MS analysis. All samples were analyzed on a gas chromatograph (GC, Varian CP-3800) and a mass
spectrometer (Varian 320 MS) operated in selected ion monitoring mode. The column was a Factor Four
VF-5ms capillary column of length 30 m, 0.25 mm i.d. and the stationary phase had a film thickness of
0.25 um. Helium was used as the carrier gas at a flow rate of 1 mL-min™.

Quality Assurance/Quality Control (QA/QC). Field blanks, laboratory blanks and matrix samples were
analyzed as quality control measurements. Four deuterated PAHs (d8-napthalene, d10-fluorene,
d10-fluoranthene and d12-perylene) were added to each sample and matrix blanks prior to extraction as
surrogates to assess the overall analytical process recovery. In this study, the average recoveries for four
surrogates were 74 £9%, 85 +79%, 76 +18% and 95 +11% for PUF samples and 83 +10%, 84 +8%, 89
+15 and 83 +15% for QFFs samples, respectively. Data was not adjusted for surrogate recoveries. Matrix
blanks consisted of clean-up PUF for gas phase and QFFs for particulate phase. The method detection
limits (MDLs) were derived from the blanks and defined as the mean concentration plus three times the
standard deviation of each PAH. The MDLs of PAH compounds ranged from 1 to 339 pg-m=and 0.6 to 7.3
pg-m for PUF and QFFs samples, respectively.

Results and Discussion
TSP and PAH Concentrations. The TSP concentration in warm season was significantly lower (one-way
ANOVA, p<0.01) than in cold season in both HW and NW stations. The similar observation concerning
this result was reported for some studies (11, 15, 19). However, there was no temporal variation in the TSP
concentration between two stations. Two possible explanations for the causing this higher concentration of
TSP in cold season are due to the scavenging of atmospheric particulate during the warm season and the
northereastern monsoon air mass which brings higher concentration of TSP from northern China to

Hengchun Peninsula during the cold season.
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concentration (ng m'3)
TSP (ug m?)

Fig. 3. Seasonal wvariations of X36-PAHS
concentrations and TSP at the HW and NW

sampling stations in Hengchun Peninsula

The TSP concentrations varied from 4.1 to 62.8 g
m3and 8.2 to 52.5 ug m for HW and NW station,

concentration (ng m's)
TSP (ug m*)

respectively.
The total (gas+ particulate) PAH concentrations
ranged from 0.72 to 3.78 ng m3and 0.94 to 3.43 ng

m-2 for HW and NW station. respectively.

The TSP and total PAH concentrations were higher in the winter than those in the summer.

The higher TSP and PAH concentrations might be explained long-range transport PAHs in the winter.

The prevalent northeastern monsoon brought highly polluted air masses from northern areas (China, Japan
and Korea) with used heating in the winter.

The abundant rainfall leads to the scavenging of atmospheric PAH in the summer.

Effect of Meteorological Parameters on PAH Concentrations.

The effect of the meteorological parameters, including temperature, wind speed and wind direction, on
atmospheric concentrations of individual PAHs was investigated using multiple linear regression (MLR)

analysis (38).

C,=mT +m,U +m,cosWD +b

1)
where Ct is total (gas+particle phase) PAH concentration; T is the average atmospheric temperature(°C) in
every sampling event; U is the wind speed (m-s?); WD is the predominant wind direction for every
sampling event; and m1, mz, mz and b are regression parameters. Three variables, temperature, wind speed
and wind direction, together explained 6% (2MeA) to 57% (BbFt) of the variance in atmospheric PAH
concentrations. A significant negative relationship (p<0.05) was found between individual PAH compound
and temperature (mi), except 2MeA, 1MeA, 1MeP, 4,6MeD, Pyr, BbF, and Cor. The fact shows that PAH
concentrations increased with decreasing temperature. The intensive northeast monsoon in winter carries
terrestrial pollutants from other cities and industrial zones in the north. There was a statistically significant
relationship between wind speed (m;) and the concentration for most of the PAHSs, negative relationship
with low molecular weight and high volatility for PAH compounds and positive relationship with high
molecular weight and low volatility of PAH compounds. The high wind speed event was frequently
occurrence in the winter season. The high molecular weight PAHs are more affinity for the particulate
matter than low molecular weight PAHs. The high temperature could make PAHSs, especially the high

volatile compounds easily shift to gas phase and re-volatilization from surfaces of particles. PAH
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transmission from high latitudes to low latitudes with northeastern monsoon will trend gas phase. The
atmospheric photochemical PAH reactions limit long-range transport of gas-phase PAH. The northern or
northeastern wind was dominant during the sampling period in Hengchun Peninsula. The results were
consistent with long-rang transport of predominant sources.

Gas-Particle Partitioning. The partitioning between gas and particle phases in the atmosphere was mainly
influenced by the vapor pressure of PAHSs, ambient air temperature, TSP concentration, surface area
available for particle, and particle properties including particle size distribution and organic carbon content.

The gas-particle partitioning of PAHSs is usually using the gas-particle partitioning coefficient, K, (m? pg™).

K, =(C,/TSP)/C,

(2) ® measured
where Cp and C, are the particulate and gas phase of 54| @ prediced .
PAH concentrations (ng m), respectively. The ol o ssces

r’=0.66, p<0.01

average logK, values of these compounds were no

log Kp
N
»

significantly variation in two seasons, except Acy,

Ace, Flo and Ant were almost exclusively measured

in the gas phase have significantly higher logK, -6 1
values in warm season (one-way ANOVA, p<0.05). A B .
small variation of temperature (25.8 + 2.9°C) can ¢ ° ¢ - 10 2

explain the significantly variation for the gas-particle

partitioning of lower voltaic PAHs. As expected, K,  Fig. 5. Regression analysis of the log K_and log K |
decreases by increasing temperature, leading an
increase of gas-phase fraction of the higher voltaic Koa model assuming 10% of aerosol organic
PAH compounds. The atmospheric photochemical ~ matter(f ) at 25°C.

reactions of long-range transport of air PAH might influence the gas-particle partitioning of PAH in warm
season. This result explained that the local emissions of PAHs dominate during the warm season and the
combination with the transported PAHs during the cold season.

The logK, and logP°. Relationship. The partition coefficients (logKp) versus the corresponding subcooled

liquid vapor pressure (logP°.) of PAHs are investigated under regression using the following equation:
logK, =m, log P’ +b, 3)

where slope m; and the intercept by are constants. At equilibrium, the slope m, equals to -1. Many studies
(37,42) suggested that partitioning of PAHs contribute more in adsorption, while slope significantly
steeper than -1. While the slopes were shallower than -0.6, it suggests that the absorption into an absorbent
with high cohesive energy. Slopes in the range of -0.6 to -1 occur when either absorption or adsorption may

be the mechanism (44).

for the samples. The values of predicated log Kp, from
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Fig. 4 illustrates the relationship between logK, and logP°. in this study. There was a significant linear
correlation (r?=0.65, p<0.01) between logK, and logP° and the slopes were -0.42, which was shallower
than -0.6, suggesting that the gas-particle partitioning was absorption into an absorbent with high cohesive
energy. The slopes deviating from -1 are very frequent in the literature, commonly attributed to
non-equilibrium conditions or sampling artifacts (42). Some reports indicate that the slopes values
deviating from -1 were the occurrence of a non-exchangeable PAH fraction in the aerosols (45).

The logK, and logKoa Relationship. The octanol-air partition coefficient (Kqa) is also an excellent
descriptor of gas/particle partitioning. They described the relationship between logK, and logKoea as

follows:
logK, =alogK,, +b (6)

Fig. 5 illustrates the relationship between logK, and logKoa for all samples. If the gas-particle partitioning
was in equilibrium, the slop would be 1. In this study, a good relationship between logK, and logKoa have
been obtained, r> =0.66, P<0.01. The slopes of logK, versus logKoa were 0.44 in this study. This result was
similar to the logKp and logP°. regression result and a strong absorbent was presence in the air particle, like
soot matrix, at southern Taiwan. Comparison of the measured logK, with predictive ones derived from Koa
absorption model. Finizio et al. (50) suggested that K, are better descriptors of the gas-particle partitioning
than P°_L when predominant process is absorption. The relationship between K, and Koa was expressed the
equation:

2 . logK . =logK,, +log f, +logl0™* (goi)(MN
. om
0 V20,4231 (7)
=065, p<0.01 In this study, we assumed that
r) fom=0.1, MWoct/MWom=1,
& -2 1 ’.’ CocmiCom=1, €q7 can be written as:
E» % logK, =logK,, +log f, —11.91
4 A
(8)
6 1 The temperature dependent logKoa
; Ezzﬁg values were calculated according to
Odabasi et al. (43) in average
-8 ' ' . T temperature of Hengchun Peninsula
& & 2 0 (25°C). The result of comparison of
log P°, the measured and predicted K, from
Koa model was similar from Ksa
Fig. 4. Regression analysis of the log Kp and log POL in model (Fig. 5). In this study, the Ksa

and Koa model both underpredicted

southern Taiwan. )
the measured K, values, suggesting
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that the photodegration of the high volatile PAHs due to long-range transport to this study site and

non-exchangeable fraction of PAHSs.

Principal Component Analysis (PCA). In this study, two parent PAH isomers,
Fluoranthene/(Fluoranthene+Pyrene) and
Indeno[1,2,3-c,d]pyrene/(indeno[1,2,3-c,d]pyrene+Benzo[g,h,i]per
ylene were used to identify the possible sources of PAHSs. (Fig. 10
6). The values of FIt/(FIt+Pyr) range from 0.41 to 0.64 and 0.47 to : \cwzlfd
0.62 for warm and cold season, respectively, and the values of %% DS o, ot
IP/(IP+BP) range from 0.02 to 0.87 and 0.42 to 0.57 for warm and
cold season, respectively. This results suggests that petroleum % 1 °;@°
combustion and grass, wood and coal combustion were major % - A Og' oo .“
sources of PAHS. %, Fetcenbusin
Fig. 7 shows score plot of PCA for two seasons in this study and 02 k
sources profiles from references. The 5 emission sources were Petrogeric
represent that the sampling sites were mainly influence by vehicle 00 , o ‘
traffic (diesel and gasoline engine), natural gas combustion (for 00 02 04 06 08
reside FIt/(Fit+Pyr)
4 ntial Fig. 6. The scatter plot for IP/(IP+BP) and
* . i heatin Flu/(FLU+Pyr) ratio values for the two
21 Y a.° " d <ceaennc
drge o0 o o .
2l .... ?'.‘ .:’:KHU o cooking), and coal and wood combustion (for
g e 05'.' X8-S residential heating in limited areas, cooking
g v i and agricultural burning). The results display
5 By ""ShG the cold season in the southern Taiwan might
" . be influenced by vehicle traffic. The PAH
C+WB profiles were similar with Kaohsiung, located
5 et T oo in the northwest of the stations in this study.
e : iﬁrce The PAH profiles of the warm season in this
8 - 1 - T 1 T study were close the cold season. The local
oA 20 24 8o emissions of PAHs dominate in the warm
PCH1 (36.3%)

Fig. 7. Principal component (PC) score plot for PAH
in the atmosphere of south Taiwan. PC1 and PC2
explained 36.3% and 23.1% of the data variation,
respectively. DE: diesel engine; GE: gasoline engine;
NG: natural gas combustion; WB: wood burning; CB:
coal burning and C+WB: coal+wood burning (16).
TC-l and TC-Il : an industrial area and a suburban
area in Taichung, Taiwan (56). KHU and KHC: urban
site and coastal site in Kaohsiung, Taiwan (13). Sl

season and the long-range transport of PAH in
the cold season.



A+ JE A TR R 2 B S ik R R BRI

Similarities and diversities of PM2s, PM1o and TSP profiles for fugitive dust

in a coastal oilfield city, China

(Shaofei Kong?, Yaqin Ji 2, Bing Lu 2, Xueyan Zhao?, Zhipeng Bai 2 *")
1. Key Laboratory for Aerosol-Cloud-Precipitation of China Meteorological Administration, Nanjing
University of Information Science and Technology, Ningliu Road 219, Nanjing, China
2. College of Environmental Science and Engineering, Nankai University, Weijin Road 94 #, Tianjin,
China;

3. Chinese Research Academy of Environmental Sciences, Beijing, 100012, China

Abstract: PMs, PMig and TSP source profiles for road dust, soil dust and re-suspended dust were
established by adopting a re-suspension chamber in a coastal oilfield city-Dongying in 11/2009-4/2010.
Thirty-nine elements, nine ions, organic and elemental carbon were analyzed by multiple methods. Results
indicated that Ca, Si, OC, Ca?*, Al, Fe and SO4? were the most abundant species for all the three types of
dust within the three fractions. OC/TC ratios were highest for dusts in Dongying when compared with
literatures which may be related to the large amounts of oil exploited and consumed. Na, Mg and Na* in
soil and road dust from Dongying also exhibited higher mass percentages than others indicating the
influence of sea salt as the city was more adjacent to coastal line. Enrichment factors analysis showed that
Cd, Ca, Cu, Zn, Ba, Ni, Pb, Cr, Mg and As were enriched and these elements were tended to concentrate in
finer fraction. Similarities of the profiles for different size fractions and different types of dust were
compared by coefficient of divergence (CD). The profiles for different types of dust were different to each
other with the CD values mostly higher than 0.30; while the profiles for different size fractions of each dust
were similar to each other with the CD values mostly lower or near to 0.30.

Keyword: Source profile, fugitive dust, size-differentiated, particle, oilfield city
1. Objective
Fugitive dust including soil dust, paved and unpaved road dust, construction dust and re-suspended dust

deposited on building roofs or windowsills, etc has been identified to be a major contributor to TSP
(particles with aerodynamic diameters <100 pm), PMyo (particles with aerodynamic diameters <10 pm) and
PM_ s (particles with aerodynamic diameters <2.5 pm) in many urban areas around the world. However, the
data were still limited and there were no studies concerning road dust, soil dust and re-suspended dust in
PMas, PM1g and TSP fractions synchronously. And also, only one report was conducted to investigate the
source profiles of PMyo for re-suspended dust around the world by Zhao et al. (2006) which may be an

important type of fugitive dust especially for Northern China.
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Particulate matter emitted from simplex source types including both natural and anthropological sources,
such as crustal materials, volcanic ash, sea salt, coal combustion, vehicle emission (tire and brake wear,
tail-gas exhaust, etc.), road surface wear, construction and demolition activities, other industrial activities
and so on can enter into the air. Then they deposited on and relocated among various receiving surfaces
such as road, topsoil, building surface to form road dust, surface soil dust and re-suspended dust by external
forces, such as precipitation washes, surface runoff, wind blowing, weathering, gravitation and human force
like traffic-generated turbulence. Then whether the source profiles for the three types of dust were similar
or dissimilar with each other is still not well addressed.

An oilfield city-Dongying was selected as the target which was developed from 1960s. The dominated
industries are oil and natural gas mining, machining and oil equipment manufacturing.

It locates at the estuary of Yellow River and there are large areas of bare land which may serve as a
potential source of fugitive dust.

The objective was to develop chemical source profiles of several fugitive dust emitters that could be used
for receptor modeling and update the global database. And also, the similarities and diversities among
different types of fugitive dust and among different size fractions were compared to give some implications
for source apportionment studies on atmospheric particulate matter.

2. Methodology

2.1 Study area description and sampling

Road dust and Soil dust samples were swept using a plastic brush and tray (Ho et al., 2003). RDB samples
were collected from longtime un-cleaned windowsills or flat roofs which were 5-15 m high and was stored
in polyethylene bags (Zhao et al., 2006). Care was taken to reduce the disturbance of fine particles. Any
obvious extraneous matters such as cigarette ends or other debris were not collected with the sample. Each
site 1-2 kg dust was collected. Each brush was used once only before giving a thorough cleaning. The

coordinates of the sample locations were recorded with a GPS
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Fig.1 Sampling locations for road, soil and re-suspended dust in Dongying
2.2 Dust pre-treatment method

Samples were pre-treated using re-suspension method to collect particles (Chow et al., 1994; Zhao
et al., 2006; Kong et al., 2011). Each sample was weighed after being dried in the vacuum freeze dryer to
remove moisture. After drying, the sample was sieved through a 160-mesh Tyler screen to remove fibers
and other larger particles. About 0.5 g sieved material was placed in a 250 mL side-arm vacuum flask
sealed with a rubber stopper. Air puffs into the flask introduced dust into a chamber and sampled through
PMz2s, PM1g and PMigo inlets with a flow rate of 20 L/min for about two minutes onto polypropylene and

quartz-fiber filters.

Bottom of
the platform 1/

,4
O

|
)

Fig.2 Re-suspension sampling system of College of Environmental Science and Engineering, Nankai
University.

3. Results and discussion

3.1 Chemical composition

Crustal elements were the most abundant species, contributing to 45.4%-48.5%, 38.4%-41.1% and
36.6%-46.1% for SD, RD and RDB, respectively . RDB held the highest mass percentages for trace
elements as 1.21%, 1.18% and 1.10% for TSP, PM1o and PM2 s, respectively which were 8.5%, 233.7% and
154.7% higher than that for RD and were 318.0%, 241.9% and 208.6% higher than that for SD,
respectively indicating that resuspended dust was more obviously influenced by anthropogenic sources.
lons showed highest mass percentages for PMgs fractions as 9.74%, 9.48% and 7.41% for SD, RD and
RDB which meant that they tended to concentrate in finer dust particles. OC also exhibited the highest
mass percentages for PMg s fractions as 3.54%, 7.41% and 4.38% for SD, RD and RDB, respectively.
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Fig.3 Major chemical components for TSP, PM1o and PM2s source profiles of soil dust, road dust and
resuspended dust from Dongying.

3.2 Specific elemental ratios-indication for Asian Dust studies

Though soil profiles may change substantially with respect to geological origin, elemental ratios were
calculated in

8 ; v272TsP [21PM, XX PM,
0.08
6- .
0.06
‘g 0.04
g 4 :
* 0.02
2 0.00

Si/Fe SilCa Si/Al Ca/Al Fe/Al FelCa K/Fe K/Al Ti/Al Mn/Al
Specific elemental combinations

Fig.4 Elemental ratios for soil dust from Dongying for TSP, PM1 and PMs.

The ratios of Si/Al, K/Al, Ca/Al, Ti/Al, Mn/Al, Fe/Al, Si/Ca, Si/Fe, Fe/Ca and K/Fe decreased mostly as
the order: TSP>PM10>PMs, reflecting these elements preferred to concentrate in coarse particles. The
Si/Al, Si/Ca, Si/Fe and Fe/Ca were obviously higher in Dongying soil than that in Chinese Loess Plateau
for TSP fractions as the Si, Ca and Fe values were enhanced by local sources including construction and

mechanical manufacturing activities. The values for Si/Al, K/Al, Ca/Al, Ti/Al, Mn/Al, Fe/Al, Si/Ca, Si/Fe,
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Fe/Ca and K/Fe were 2.0740.41, 0.0940.04, 1.0340.29, 0.05%0.01, 0.00540.002, 0.4540.12, 2.0840.34,
4.87+1.39, 0.4540.11 and 0.23#0.11 for PMjs, were 2.6940.31, 0.1740.08, 1.0840.21, 0.0640.01,
0.00940.004, 0.5340.07, 2.5340.62, 5.1040.39, 0.5040.06 and 0.3340.15 for PM1o and were 3.8340.51,
0.1940.07, 0.9240.16, 0.0740.02, 0.008+0.003, 0.5440.12, 4.1940.44, 7.1840.91, 0.5940.05 and 0.3640.13
for TSP, respectively. The values were similar to that in Chinese Loess Plateau, implying these crustal

elemental ratios may be used to trace the aerosol transport in Asian dust period.
3.3 Enrichment factors analysis
Enrichment factors (EFs), calculated relative to the composition of the background values of Chinese soil,

have been used in fugitive dust studies (Cao et al., 2008). EFs were calculated by:

F— — (XI /Al)samples (1)
" (X, /Al

crustal

where X; referred to the concentration of the element of interest and reference element referred to the
concentration of crustal rock, most commonly Al or Si. Al was used as the reference element (Cao et al.,
2008). The background geochemical compositions of the city soil types can be chosen as the background
values (Ji et al., 2008). As background values were distinctly different among different soil types, values
used in this study (for Na, Mg, Al, K, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ba, Pb) were referred to that of
Jinan (Ji et al., 2008) considering it was more adjacent to Dongying. For background values of Cd
(9.7E-06%) and As (0.00111%), they were referred to Kong et al (2010) for the background content of
Chinese soil.

If EF approached unity, crustal material was probably the predominant source for element Xi (Cao et al.,
2008). showed that Cd and Ca were significantly enriched with EFs values higher than 5 for all the
three types dust except for PMio and PM.5 fractions. While for road dust, most EFs values were higher
than 2 for Cu, Zn, Ba, Ni, Pb, As, Cr and Mg and for resuspended dust, Zn, Pb, Cu, Ba, As, Ni, Mg and Cr
exhibited EFs values higher than 2 indicating moderate enrichment (Han et al., 2006). The higher EFs
values for Cd, Ca, Cu, Zn, Ba, Ni, Pb, Cr, Mg and As suggested they were mainly influenced by
anthropogenic pollution sources including fossil fuel combustion, vehicle emission, construction and
manufacturing activities as discussed before. The EFs for Al, Fe, Ti, Mn, Co, K, Na and V were mostly
lower than 2 indicating deficiency to minimal enrichment which could be classified as crustal-related
elements. Another conclusion could be drawn from Fig.5 was that the crustal-related elements tended to
concentrate in coarsefraction with EFs values exhibiting decreasing trends as TSP>PM10>PM2s (Al, Fe, Ti,
K, Na and V for SD; Mg, Na, Fe, Mn, Al, K and V for RD; Ba, Al, Co, Ti, V and K for RDB) while for
anthropogenic-related elements, they tended to concentrate in finer fraction with EFs values exhibiting
decreasing trends as PM25>PM10>TSP (Cd, Zn, Cu, Pb, Cr, As and Ni for SD, Cd, Cu, Zn, Ni, Pb, As and
Cr for RD, Cd, Zn, Ca, Pb, Cu, As, Ni and Cr for RDB).
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Fig.5 Enrichment factors relative to background values for Chinese soils for soil dust, road dust and
resuspended dust. Al was used as the reference element.

3.4 Similarities of fugitive dust profiles with different types and different fractions

Similarities between the profiles for the three types of dust were identified by coefficient of divergence, a

self-normalizing parameter used to measure the spread of the data points for two datasets. The parameter
was determined as following:

2
18 Xij'x ik

2

CD —
p i=1 Xij+Xik

k=
)

Where j and k were for the two profiles for sampling sites or fractions, p was the number of investigated
components, and X and Xk represented the average mass concentrations of chemical component i for j and
k (Wongphatarakul et al., 1998; Feng et al., 2007; Kong et al., 2011).

For the comparison among different types of dust, the CD values were 0.39, 0.40 and 0.47 for RD-SD,
RD-RDB and SD-RDB for TSP, were 0.33, 0.33 and 0.38 for RD-SD, RD-RDB and SD-RDB for PMyo and
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were 0.27, 0.32 and 0.35 for RD-SD, RD-RDB and SD-RDB for PM;s, respectively indicating that the
profiles were different from each other for the three types of dust with an example as RD-SD for PM_s
excluded. In all the three fractions, the CD values were lowest for RD-SD and were highest for SD-RDB
implying the soil dust and road dust may influenced by some similar sources as the surface soil dust were
mainly collected close to major roads in this study.

For the comparison among different size fractions of each dust, the CD values were 0.27, 0.43 and 0.26 for
TSP-PMyp, TSP-PM25 and PM1o-PM2 s for SD, were 0.19, 0.33 and 0.21 for TSP-PMyo, TSP-PM25 and
PM1o-PM; s for RD and, were 0.11, 0.18 and 0.10 for TSP-PMz1g, TSP-PM25s and PM1o-PM2 s for RDB,
respectively indicating that the profiles were similar to each other for the three size fractions with
TSP-PM_5 for SD and RD excluded. It indicated that the source profiles for RDB within three fractions
could be substitute for each other while for RD and SD, the TSP-PMyo and PM1o-PM2 s profiles could
substitute for each other, respectively. And also, the differences in PM2s-TSP were more obvious than that
in PM2s5-PM1o and PMyo-TSP. For re-suspended dust, the CD values were all lower for PMio-TSP,
PM25-TSP and PM25-PMsg than that of RD and SD indicating the diversities were low for this type of dust
within different size fractions. Ho et al. (2003) also concluded that PM2s and PM1o chemical abundances

for a given source type were similar for most species.
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1 85

e SE R AR e M, (RN B SRR 22 98 e B S 7 YR il B < ARAE, B B BT
WIAIT T T RE . AH AT 5T T REAH B, R I ol s i 2 SR B ) 2 S AT R BEAE ME 4R (Atkincon,
2000; Barletta et al., 2002; Boissard et al., 2001; Hindy, 2000; Karlik et al., 2002;
Monks, 2000; Qin et al., 2004).

EBF 1970 FARBH AR TEARIE AT RS Y 2 00, #8020 fEIBE 7, & 1990 AN A Rt LR
ST . KL 1990-2000 SEHFAAME KRG, ETRATGHITT (Solomon et al.,
2000; Wood et al., 2005). iZt&ErimmFRIAE R, SBAH B HOBT 7T A IR ARG LS S L T
SRR R R E R B, W iE e R R R ATR IS EAAE R T, o —IHA ANEIS
TRZII 2 5 e 7 S R S e B B, JUHR R AR g (Residual ozone)
FEB, MR A RLA R H R B ] (Solomon et al., 20005 Hindy, 2000; Fast et al., 2002;
Banta et al., 1998) . K&IE g N 0; 72 K NO, 2 VOCs &2 e Ll (Derwent, 2000; Fehsenfeld
et al., 1996; Finlayson—Pitts et al., 2000; Raga, 2000), HRRE KEFEEHFIMZIBETHEY,
PR e SR AT S 2] A A A B R S A g N CRG G « TR R SO TA B, 1 VR 5 2 Bk ) 52 4
SERR, WO R AR G e e P SRR AT PTG A A A ) 2 KSRGS G N, AN BRI O E FH T B R AIG
FUREE . TAH B 5 B &5 SRR BN, A B A5 S BRSO FE A E D>, DL ERR
TRALEA ] o 7 REAF A R IR R R, MR AR g . (HR Rt R ts, A 2l Ak
KR NO HEBOE 2 W ER (NO+0,DN0.+0.) , Bl AR AR E AR, MBS K DA b2 iR
A g R, TERIRZ B, SeAh, LSRG B AT A I S A = T R, a2 T ) B
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PlE L[] 1 B8 2 JBIG R 8, I AE R < R T, AT S BER45 BR AT e I Bl 2 A [ 3 B
i, HEKRBSR (Nocturnal jet) (Corsmeier et al., 1997; Banta, et al., 1998; Hindy, 2000;
Salmond and McKendry, 2002; Velasco et al., 2008) HIRZIEWRF, 7ZR0IFAKMEEIGEEE A
B TR EE R MAVRS G Ry, B8 N ST ) MR AR, Bk,
IR AR T S AR R R B, R RR A T B BN H SR TR R, AT ORI IS
B RAAGHEMZ TN (Meagher, et al., 1998; Neu et al., 1994; Zhang and Rao, 1999;
Aneja, et al., 2002). HELEZ5Hralhn, SR WA 2 AR aREE, 2 T JEUE R
ARTEZ BT, KRR BT, K2R R IR RIS 2 B
HATA B R e g SLARTERY) ' NO. JeAL IR AR AR BB FATIAH B 12, 22 2 BRI 5 8l
RERL =, SO ER 2 BREE, 22/ B0t it 2 BURIEE R . Solomon et al. (2000)
J3 32 [l e f T A AR AE A 36 S BN 2 BRIt AT, ST IO S R R
JERET), A0 2R DA B I B EAE, DR AT b ) s A R AR 2 B0 PR HEA TR
SRR RSS2, DRI 3 T 7 Y s SR B e £ B B DR SR BR B AT 2% B B2 A A
ARk 725, HRERRH 2 RfE, B 52 2 ISR A %5 1) B 1R

EHHE AR C T 2 IHI S RS D i, &SR B E R A RS R HE, AR
RS (I AR, AR A A RIS B AN R 23 i o H B 9R KATAR TR, B SLAS Je i
R B A B2 L R EURE 2 M5, B TR R B s St ) [ B AT e 4 ) I AR B
TR 3k e 18 RS G i AN B 2 IR A 2, AdE (1) VOCs HEBUs sy g e
RECEREATRD: (2) hZ @ AR A BRI R, SR R B 5 AR U — P
BprsBiasE; (3) RAEUT Y EEBEHIR e o 2R, IR AR EE (AR H REEM) Bl
A RIRE SRR, nRERI 5K E AR 2 R 2 RS e A T U < R (BREE, 20035 ##
&5, 2003; #£%E, 2004; Chenetal, 2003; Linetal., 2003; 2004; 2007a; 2007b; 2010a; 2010b;
Wu et al., 2010; Yu and Chang, 2000).

5 V8 R 3 0 B A B S A 1, RDRFE R R R e B . R R BT
SR B W ) VR AR SS, AR T 2 AERTBH ARG 9 7 — BRI AL T 3E R, HL VOCs K& NOL TG )
PR R A 85 b g 0 25 5 T A i R 0 R ST G A o PR RE B 29 (Cheng,  2001; Cheng et
al., 2001; Cheng et al., 2002). [Rlth, ASHFFTIETE & 18 rbrg 0 ) 52 258 Hh I 3 AT K S 51 1) 2R
AR 73 M BRSO G FR AR R R 1 () R, 5 U s SR AP b [ e ) T R A SR ) 0 AT
S SERTCA S A B R A AR B, Bt 9T R SR v DA AT 25 5T e B L A G ) SRS 2 Ak o
2 BEEREGT BT

2. 1 B R,

3 V5 V0 I i I 36 IR AR R 5 e L A R ORE D R B B R I, M BRA
BB b I R AR TS e TR R R, R B 1 BURAEBLRIHEE A7 B, B, AL
PHE YRR S L E R T AUEC S RIE N, B S L 3E R T RGR L  AA T R AR B 2 e FJr, B
k2 J A BR R B R L I A S A, 0 4E AQU-1. AQM-2. AQM-3. AQM-4. AQU-5, 5 E
AT DL A 2 BEIEOE, FEHAT 0o COy SO.v NO.w NMHC. PMio R KRR 200 BERIBuE . A
T FCERIE A A 52 N 2 DU (Sihhu) , BIJE 1 A Monitoring Fiif s A7 8 . BRI = H01H H
G KR BT 0 R /Ay HATH KA Oan NO,y Ha0py HNOa 2 JEFE K NO. Z HEARAREN (o) o
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Figure 1 Topographic location of the field study site, Sihhu station

2.2 BRIRR
ARHIF I A2 65 V8 rh g I AR R R YN R, B R R %W%%E,Wﬁﬁﬁ
{52 % 2008 4 4 H 26 HAE 5 H 8 H, HFKAIEER 2008 £ 10 H 1 H# 10 A 1 HiEATH4R
2 B,

2.3 REEEHHRERE Mz EH
AWFFEAFE A SPC (Science Pump Corporation, USA) 6A ECC (Electronic chemical electrode cell)

RER % (0zonesonde) ARE IR IE BT < RAEE . AR T BRI — B R AR RSN
BaR b, BREIRRSOIEAIKR. SR E A = . FIRER 3 m, FIH He 5, AR
REEAy 2,000 m, HENAME ATl ek LA B R B, B AER BB T PR iR, RN 2 RIE0E
T b A T A R Hh [ ) R S R AR . i, SPC ECC 6A Ozonesode s A (1) 480 1018 5 e &
AREWM 03 VEE (Lin et al., 2003; 2004; 2007a; 2007b; 2010a; 2010b).

2. 4 RESAREY a2 £33
Feib 2 EFE FEYAE 2 B, L8 F NOy. H202. HNO3 Z54)fE f2 NO2 2 ez E (JN02) .

2.4.1 BESMLH (NO,) ZIRERSHT

NOy Z BRI 8E (o) BE{L#S7E 350°CKF NO2. PAN. HNO3. HNO2 #ffifEifk A NO, PR NO 2 i
[, STk A g B, LA AR AT I 95% LA B, NOx 2 A IARIR 2 1-2 ppb.

2. 4.2 H0, ZERAR T

H202 $REGZ LA pH 2% 5. 3 MIBERRARIE VE RSO, REETNBREFEN (coil) BRBHOR A
SRER, KBS R G, PRERRRR A 1 /NRy, BRERR RS AR S SrZ1 A HPLC (Hitachi,
L-7100) 44T+

2. 4. 3 HNOs Z AR 4T
HNO3 & PAER A 438 2S  (Annular Denuder System) #REREL, IRFECHE S dEds WG TRIEZE. e
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J&sraEds (Cyclone)« [AICMEIE . VEARH (Filter pack) VU4, [HlCHEIE HBE K2003 Ak, HH 2R
WARSRUAH HNO3, BB I ERARI B 49 10 L/min, $RERTR DAHBAE/KHEAT RN, FEHUER 5t A1 B 25 i 1% ,
PIEET % (Ton Chromatography, I1C) AT,

2. 4.4 NOJGCARIL (o) ZERERAHT

A TERIFH A E NO2 FEARARE INO2 [ 722 R — iR B R SR B A AR 4, 5B — 4 NO2 (BB
Az il BT 2 AR ) NO2 R 2, Pk A AR LA FE 1 NO2 JB N — & E BB RE LA EAAE v, DAFE ] NO2
FRERAERE T IIREf], S NO2 52 338 & 16 g AR K NO, 316 [F]R 72 Y ARG 2 1if%, LA NOX BRI
1A% B B 7R AR NO2 J& NO AR BE, A LAETE NO2 JLf(RE INO2 B K/, SGffdRE JNO2 =Xl (1)
FoRe

1 NO s
J NO, — -Inl—-———)
t NO (1)

2. 4. 5 b BIEZ MRRE

FAEFEARZ b O P SRR ER AR . i DR A SR . Bl AR BT 2%, TRk it AU A Mt
AR, HER MRS R2) FFATA 0.995 BLE. 54h, Sy ikl ER A
MR RRVER ZE . RG R BRYERERE

3 HEREG R

3.1 KR EEHHRERE i

TR 25 2o 0 8 [ 15 S 1) 2 4 ot G Dt ML T O3 2 3 7 B VR B, 4 LD BV o O vy R AR e
ZA5H A% 4/26 Je 4/27 WH . #HE 2 (a) AR B R AR SMUETR, i
ARy, HEREIRERRAENARE, Hulh & R AR A T, R S G
Bt i R B ES, HPNRGE PRI AR S B ISR . Roh, & HIER SRR,
WA ST S T R 4/26 H 18-19 Brnl R R AL % 80 ppb, {HIEIRAJE L
AT 140 ppb. AL, S YHARE S ERE (80-120 ppb) Z BLA, WIHEEUA 200-1,800 m [, Hi
INRAGEE BRE AUEEE . EEEEUAIM, SV B A v e IR R R R Y (4/29-5/7
H), FnHiREERE L BRI mMIL, /R 20-40 ppb, o PHFg S B 5405 BRI 4/30-5/4
R THIAE 300-400 m 2% 600-800 m - o Ji i S5 B AT SRAAUTH ARG (R EIREZME K, ND-20 ppb) ZAF7E,
BFUR 2 31 381 b B T3 I TR v O I B R NOx V5 e s, Ak, BRI R M SR,
A AT M T BSR4 ND, BB A R AR Rl SRLAEE T ] 98 A T S EAER (NO+03->N02+02) ,
AR B BT RESR .

TR A R 5 2 [ B ) 2 G B T M T 03 YR 2 A4 T, 4 HE BV i) 3 2 vy AR
FEZ 59 H % 10/4 J 10/9 Wi H, il 5L m R /INRRIR FE S it 140 ppb, RATS YR E . 4
FHIE 2 (b) Rk ) e ) T R P 2 SR, KR s S, e M BUR & RAH
MG, BURAEI AR AR Sl (ERRREESIRE) FERAE H et g EE.
BUAIHAR 10/4 B M 10/9 15 /RAE 500-900 m 2 =1 J& g S5 A RATHFEE (REVREHGL ND) Z A7
1, BRIRZ R bR R T3 KR BRIRHER NOx V5 YLl AE 2 52, at, BRI A 21 R,
JRASS H RIS M T R A RS 2 ND, SRR SRLEE LI T 32k T RAE B R, iR R R AR A
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Figure 2(a) Vertical distribution of ozone concentration during an experimental investigation period

in spring
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Figure 2(b) Vertical distribution of ozone concentration during an experimental investigation period
in autumn

3. 2 JethigimpRE L BHIAR



- J A [ ORI WS R IR P R IR BRI &

3.2.1 NOJEARMREL (o)

AT BRI IR S e 2 T RO ], R R SR AR A 2 SR, SRITH B AAE G NO JEAR IR EL
(L) « BEEEMY) (NOY) \ d@E%SEALE (H0.) « AHIR (HNOs) , WCAKERIBIVIRERE 2 4558, AT AR
WO TR IE 5l

FEH NO AR BRI gs < &L, 3BT NOL NO» 2 YR EE, FERS NO. 2 VEARIREL (L) o [ 3 () BN
FZ NO AR ANC e S b4t 1, BRI BT NOEMMARIER KIEAy 2.4X 107 (1/s), JEfAI
(KN 52 B AR [ 350 RS0 A B e 2 58 o AR SCRRITE e 4 SR B NO. Z WG ARREME T3 9X 10
(1/s) (Demerkian et al., 1980; Dickerson et al., 1982; Parnish et al., 1983). JMm&E 3 (b)
R Z4FKZS NOL YR IRI 2 s R ML AR SR, K ZE NO. 2 YA R IR K 25 4.8X 107" (1/s) . BRT 10/5
K 10/6 W H A B8 537 BI85 TH OS2 2800, BRI RDCMRABUE MR 3.5-5X10° (1/s). TMHERZEH
WlgE R 2 B RAE A 2. 4X 107 (1/s), BRI ELLET T 2508, (F153 AN AR Z L
TR S EA T, B 2 vy LA R P R B (i s i TR AN AR (A o T 5 [ B 7 5 8 i 5
E R BB 2 OURAE, HEA TX107 (1/s), BURCMRIE Z2IME . S8 R 2610
258 (B, 2005).

4.0E-03
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RELRLITLALER
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Figure 3 The photodissociation coefficient (Jno2) of NO2 under various time in (a) spring (b) autumn

3.2.2 HEE Y NOy
NO, A#8 R AW, HEE R R A NO, Bl )z JEYE NO, (HNOs. PAN. HNO.%%) . [El 4 BUREZ MK
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FHRANY) (NO,) JREZZHeRIELAE R, FFHNG NO, 2 IREHIE Ay 15-55 ppb, [ 4(a) NO, IR
FEZ HRCE R 1A FE RS th i, B ATEE 40-50 ppb. MIAKZRM NOy 2 e B2 4
%5 15760 ppb, HEEFEREIRABHEL, SR HRER.

60
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Figure 4 The concentration of NOy under various time in (a) spring (b) autumn

3. 2.3 BEALE H:0

5 M ZE N KEE W0 R E 2 IRp B84 IR . TR ZE, H0 R A - e BT WS e B, P A
7 0.5-3.2 ppb. TERKZE, H.0.IRFEHHEIEIAEZE, HIRELRTRZ 12-14 Rz M B R sE, RE
FEEAA 2.5-6.3 ppb 2 [, LL10/1. 10/2. 10/8 =H Z HHEE & .

1 A ek R, BRI IR [ R A e 2% i L 2 IR B L 3, mT DA B Ha0, 2 [ VR B KR AE 2-3 ppb (U1
10/2+ 10/3. 10/9 =H), H7EE 5(b) &R 10/2 5L 10/8 i H H0, 55 AE #E g 2 JERE(E; i Lh it
R VRO e e L ARV B TR [ R E A4 TG 14000, B R AN H S RS v SR P 2 T A - B A
By oAb S T AE K

FiAh, W0, Z AR E A H A HO, radical H SEMIR R E, WER (2). 1 HO A KA IR E
BLNO S, Wi (3), B ORGH NO JRFEBAKK:, RIAFIRRIENX (2), EEEZM HO..

HO,+ HO; — H202 2)
HO,+ NO — OH + NO; (3)
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Figure 5 The concentration of H,O, under various time in (a) spring (b) autumn

3. 3 AR e

FlE— ST ERIE I R AT Y i K, AHFFLLL Observered base method (OBM) 77, H
EPARIAIPE 2 05 H0o HNOs E IR IEAE 2 JREE, LA Sillman (1995) Pt i odd hydrogen
JiF BT 3 57 Ho02/HNOsw 0s/HNOs FUAE 2 77 V23R 51l T il S AR 2 BUBRVE Y R PR AR, FH R 2 M0 BRAE
Ho0./HNO; 2% 0. 3-0. 9 Z # &, 17 0s/HNO, R %% 12-16 Z #i[# .

F 1 ZAR BB AL FEAE H0./HNOs 05/HNOs 2 HUAE, ZFHP Ho0./HNO; 2 EU{EEEIR: BR T 5/3. 5/4
J 5/7 43345 0.40. 0.32 % 0.50 4b (BUEIRE 0. 3), HoAth H #HZ ELAE 47N 0. 35 0:/HNOs 2 LE
fHFR 7 5/7 % 32.96 b, HAHMZ LUAEIS/NR 125 B3, H0./HNOs. 0s/HNOs Z FUAE 73 A 72
0.09-0. 50, 2.98-32.96 2 ], “FIME 472 0.23 (/NA0.3). 7.83 (NA 12) . &SRR, H
Ho0./HNOs+  0s/HNOs PUAE 2 Il 45 A —EehE, 2948t % 3 R4 A VOCs #%4i1] (VOCs—limited) 247,
HUN 2R B 3 R A 2 I e, JEE DA VOCs HERCER: 2 #Hil 29 32

% 2 AREERIE AL PR AR H0./HNOsy 05/HNOs 2 FUAH, Ha0./HNO; 2 EUAE I KA 0.9; 0./HNO, 2 B
EI A 165 F3, H0./HNOsv 0s/HNOs Z LUAE 73 I TA 1. 05-6. 37, 28.92-91. 69 2 [H, “FIME 77l
& 4.00 CKIA0.9). 55.22 CKJA 16) o Shal REURAN S R A 2 B ng, FKEZRIE R LA NO HEE
ZAyEH HEE (NOx—1limited) o

Bk 2 5t amas Ragm, @R ThE R E AR E SR EESR. S RAEHIHRNE, o
1) BLEE AN [ Ye4 VOCs . NO, 2 HEC B 45 ] o

% 1 %é%ﬁ@”/ﬁﬂ Fﬁﬁj\[ﬁ’f{j’ﬁﬁg HZOZ/HNOB\ Os/HNOs Ztlﬂ{ﬁ
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Table 1 The ratios of H,O2/HNO3s ~ Os/HNOs3 of phptpchemical reaction indicator during an experimental
investigation period in spring

Ratio 426 4727 428 429 4130 5/1 52 513 5/4 5/5 5/6  5/T Average

H:0/HNO: 0.23 0.12 0.17 0.09 0.17 024 027 040 032 0.15 0.10 050 0.23
O/HNOs 823 6.12 447 315 504 441 504 1006 846 298 305 3296 783

2 MFBRAEDEALTEER H0./HNOsy 0./HNOs 2Z LEAH
Table 2 The ratios of H,02/HNO3z ~ Os/HNOs3 of phptpchemical reaction indicator during an experimental
investigation period in autumn

Ratio 10/1 102 1013 10/4  10/5  10/6 10/7 10/8 109  10/10 Average

H:0/HNOs 637 355 267 105 1.08 533 1440 158 119 281 4.00
O/HNOs  91.69 67.89 50.77 2892 3475 5850 10435 3194 3186 51.50  55.22

4 #E5ER

AR 5T FHAE 6 V8 o i 308 11 22 557 T 25 Gl 1 6 B A T R S e ) T R SR R M B R SR e A
VIRERFPE R RIS B, AT DRI O SO AR R R i A ), S R B A

B R I 3 o LR B VS LR, ST 80-140 ppb i B B T B 200-1, 800 m [, AR
B R TEMIAUERE . BUR LA G B T2 S 18 b i 0 I SO R RS e BRI

AT 7 [T B, 76 300-400 m 8% 600-800 m 2 /= J& JiE , S5 FA SLAEHFER (A E K, ND-20
ppb) ZAFAE, BB 1852 2 bR T3 18 T e B B YR HEL NO, V5 i e RUE 2 R
WA NOL JEARRIL (Ao) Z BIALRER: SRR NO L ERIEAK R KNS, IKERKE
Z4.8X10° (1/s), HERNEAZA 2.4X10° (1/s), MM RIELEHZTE &50m71,
RIBCATEEE HO, Y2 BRI R R KT 0. JEEHE S AET, NS e b s R A
2.5-6.3 ppb, HFFEREMEIREFE S 0.5-3.2 ppb, I AAEIIFEAETA e BB o

WA B HA R Y6 A 4B HaO2/HNOs 0s/HNOs 2 LUAE 2R FFAl TE BOR S 2 MU AR, 45 REBUR: BFE
B/ VOCs—limited, TAKZRRIAS NOx—1imited, S/~ 3 5L 488 i S M JE A0 2 6 75 B B il A
[E35 4L VOCs. NO, Z 454l

SRR

(VMR Segobk. s, MRidkE. EE. M. E%R (2003) mkEHIR 2002 KR5S T8 R R B2 5T
Qe ersm BT I (1) — SRR S5, 28 — i 28 SRS e bl BT & & SO

[2TMRIE AL, SRegpk, MEERL, MOmSh. #fEE. REE (2005) 50 E T BRI, MERREURN B 5T /e R B3 AT

=

[BIAAME I, SRR, MOSAT, BFE. SREE. RMFE (2003) mkEME 2002 KEE TG R S E 2 RI5 1 TS
BHIRTE 5 (V) — M AR T B4R 72 8 I I T B S0 BB 20 MR, 38 1 e 2 G0 e A i BT AT & s DL 2R
(414 B, ISR, SegAk. ERE. AIEZ. TR, SR (2004) Skl 27 [ 7 B8 S AUE W~ IRA B
REREZE, B a0 R i BT R gram stk .

[5]Aneja, V. P., Mathur, R., Arya, S. P., Murray, J. R. and Manuszak, T. L. (2002). Coupling the vetical distribution of ozone
in the atmospheric boundary layer, Environ. Sci. & Tech., 34, 2324-2329.

[6]Atkincon, R. (2000) Atmospheric chemistry of VOCs and NOx, Atmospheric Environment, 34, 2063-2101.

[7]Banta, R. M., Senff, C. J., White, A. B., Trainer, M., McNider, R. T., Valente, R. J., Mayor, S. D., Alvarez, R. J., Hardesty,
R. M., Parrish, D. and Fehsenfeld, F. C. (1998) Daytime buildup and nighttime transport of urban ozone in the boundary layer
during a stagnation episode. J. Geophysical Research, 103, 22519-22544.

[8]Barletta, B., Meinardi, S., Simpson, 1. J., Khwaja, H. A., Blake, D. R. and Rowland, F. S. (2002) Mixing ratios of volatile
organic compound (VOCs) in the atmosphere of Karachi, Pakistan, Atmospheric Environment, 36, 3429-3443.

[9]Boissard, C., Cao, X. L., Juan, C. Y., Hewitt, C. N. and Gallagher, M. (2001) Seasonal variations in VOC emission rates



A+ JE A TR R 2 B S ik R R BRI

from gorse, Atmospheric Environment, 35, 917-927.

[10]Chen, K.S., Ho, Y. T., Lai, C. H. and Chou, Y. M. (2003) Photochemical modeling and analysis of meteorological
parameters during ozone episodes in Kaohsiung, Taiwan, Atmospheric Environment, 37, 1811-1823.

[11]Cheng, W. L. (2001) Synoptic weather patterns and their relationship to high ozone concentrations in the Taichung Basin,
Atmospheric Environment, 35, 4971 - 4994,

[12]Cheng, W. L., Pai, J. L., Tsuang, B. J. and Chen, C. L. (2001) Synoptic patterns in relationship to ozone concentrations in
West-central Taiwan, Meteorology and Atmospheric Physics, 78, 11-21.

[13]Chen, C. L., Tsuang, B. J., Tu, C. Y., Cheng, W. L. and Lin, M. D. (2002) Wintertime vertical profiles of air pollutants
over a suburban area in central Taiwan, Atmospheric Environment, 36, 2049-2059.

[14]Corsmeier, U., Kalthoff, N., Kolle, O., Kotzian, M. and Fiedler, F. (1997) Ozone concentration jump in the stable
nocturnal boundary layer during a LLJ-event, Atmospheric Environment, 31, 1977-1989.

[15]Derwent, R. G. (2000) Ozone formation downwind of an industrial source of hydrocarbons under European conditions,
Atmospheric Environment, 34, 3689-3700.

[16]Fast, J. D., Zaveri, R. A., Bian, X., Chapman, E. G.. and Easter, R. C. (2002) Effect of regional-scale transport on
oxidants in the vicinity of Philadelphia during the 1999 NE-OPS field campaign, J. Geophysical Research, 107,
10.1029/2001JD000980.

[17]Fehsenfeld, F. C., Daum, P., Leaitch, W. R., Trainer, M., Parrish, D. D. and Hubler, G.. (1996) Transport and processing
of O3 and Os precursors over the North Atlantic: An overview of the 1993 North Atlantic Regional Experiment (NARE)
summer intensive, J. Geophysical Research, 101, 877-891.

[18]Finlayson-Pitts, B. J. and Pitts, J. J. N. (2000) Chemistry of the upper and lower atmosphere, Academic, San Diego,
California.

[19]Hidy, G.. M. (2000) Ozone process insights from field experiments Part I: overview, Atmospheric Environment, 34,
2001-2022.

[20]Karlik, J. F., McKay, A. H., Welch, J. M. and Winer, A. M. (2002) A survey of California plant species with a portable
VOC analyzer for biogenic emission inventory development, Atmospheric Environment, 36, 5221-5233.

[21]Lin, C. H., Wu, Y. L., Lai, C. H., Lin, P. H., Lai, H. C. and Lin, P. L. (2004) Experimental investigation of ozone
accumulation overnight during a wintertime ozone episode in south Taiwan, Atmospheric Environment, 38, 4267-4278.
[22]Lin, C. H. and W, Y. L. (2003) Semi-statistical model for evaluating the effects of source emissions and meteorological
effects on daily average NOx concentrations in south Taiwan, Atmospheric Environmental, 37, 2051-2059.

[23]Lin, C. H., Lai, C.H., Wu, Y.L., Lai, H.C., Lin, P. H. (2007a) Vertical ozone distributions observed using tethered
ozonesondes in a coastal industrial city, Kaohsiung, in southern Taiwan. Environmental Monitoring and Assessment, 127,
253-270.

[24]Lin, C. H.,,Wu, Y. L. and Lai, C. H. (2010a) Ozone reservoir layers in a coastal environment - a case study in Southern
Taiwan. Atmospheric Chemistry and Physics, 10, 4439-4452.

[25]Lin, C. H., Lai, C. H., Wu, Y. L. and Chen, M. J. (2010b) Simple model for estimating dry deposition velocity of ozone
and its destruction in a polluted nocturnal boundary layer, Atmospheric Environment, 44, 4364-4371.

[26]Lin, C. H., Lai, C. H., Wu, Y. L., Lin, P. H. and Lai, H. C. (2007b) Impact of ozone-rich sea-breeze air masses on inland
surface ozone concentrations, a case study of the northern coast of Taiwan, J. of Geography Research-Atmosphere., 112,
D14309, doi:10.1029/2006JD008123.

[27]Meagher, J. F., Cowling, E. B., Fehsenfeld, F. C. and Parkhurst, W. J. (1998) Ozone formation and transport in
southeastern United States: Overview of the SOS Nashville/Middle Tennessee Ozone Study, J.Geophysical Research, 103,
213-223.

[28]Monks, P. S. (2000) A review of the observations and origins of the spring ozone maximum, Atmospheric Environment
34,3545-3561.

[29]Neu, U., Kunzle, T. and Wanner, H. (1994) On the relation between o0zone storage in the residual layer and daily variation
in near-surface ozone concentration — A case study, Boundary-layer meteorology, 69, 221-247.

[30]Qin, Y., Tonnesen, G. S. and Wang, Z. (2004) Weekend weekday differences of ozone, NOx, CO, VOCs, PM1o and the
light scatter during ozone season in southern California, Atmospheric Environment, 38, 3069-3087.

[31]Raga, G. B. and Raga, A. C. (2000) On the formation of an elevated ozone peak in Mexico City, Atmospheric
Environment 31, 4097-4102.

[32]Salmond, J. A. and McKendry, I. G.. (2002) Secondary ozone maxima in a very stable nocturnal boundary layer:
observations from the Lower Fraser Valley, BC, Atmospheric Environment, 36, 5771-5782.

[33]Sillman, S. (1995). The use of NOy, H202 and HNOs as indicators for Oz-NOx-ROG sensitivity un urban locations. J. of
Geohys. Res., 110, 14175-14188.

205



11st National Aerosol Conference and 10™ Cross-strait Workshop for Aerosol Science and Technology

[34]Solomon, P., Cowling, E., Hidy, G. and Furiness, C. (2000) Comparision of scientific findings from major ozone field
studies in North America and Europe, Atmospheric Environment, 34, 1885-1920.

[35]Velasco, E., Marquez, C., Bueno, E., Bernabe, R.M., Sanchez, A., Fentanes, O., Wohrnschimmel, H., Cardenas, B.,
Kamilla, A.,Wakamatsu, S., Molina, L.T., (2008) Vertical distribution of ozone and VOCs in the low boundary layer of
Mexico City. Atmospheric Chemistry and Physics, 8, 3061-3079.

[36]Wood, E.C., Bertram, T.H., Wooldridge, P.J., Cohen, R.C., (2005) Measurements of N20s, NOz, and O3 east of the San
Fransisco Bay. Atmospheric Chemistry and Physics, 5, 483-491.

[37]Wu Y. L., Lin, C. H., Lai, C. H,, Lai, H. C. and Young, C. Y. (2010). Effect of local circulations, turbulent internal
boundary layers, and elevated industrial plumes on coastal ozone pollution in the downwind urban-industrial Kaohsiung
Complex. Terrestrial Atmospheric and Oceanic Sciences, 21(2), 343-357.

[38]Yu, T. Y. and Chang, L. F. W. (2000) Selection of the scenarios of ozone pollution at southern Taiwan area utilizing
principal component analysis,” Atmospheric Environment, 34, 4499-4509.

[39]Zhang, J. and Rao, S. T. (1999) The role of vertical mixing in the temporal evolution of ground-level zone concentrations,
J. Applied Meteorology, 38, 1674-1691.



A+ JE A TR R 2 B S ik R R BRI

Aqueous-phase photochemical oxidation and direct photolysis of vanillin as
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Agueous-phase reactions of organic compounds are an important source of secondary organic aerosol
(SOA) (Ervens 2011). Laboratory studies focused mostly on small aldehydes such as glyoxal (De Haan
2009; Tan 2009) as precursors, and on pinene oxidation products (Lee 2011).

We showed experimental results of aqueous-phase reactions of a semi-volatile and slightly water
soluble methoxy-phenol from biomass burning, vanillin (CsHgO3). Reactions were performed in a vessel
(Lee 2011) with UV (254 nm) irradiation under two conditions: (1) photochemical oxidation with H.O; as
an OH radical source; and (2) direct photolysis without H.O, added. Solution of the resulted products, as
well as the ammonium sulfate added (Lee 2011), was atomized continuously and dried before on-line
analyses. An Aerodyne High-resolution Time-of-Flight Aerosol Mass Spectrometer (HR-ToF-AMS) was
used to measure the dried particle compositions, and a Hygroscopic Tandem Differential Mobility Analyzer
(HTDMA) and a Cloud Condensation Nuclei counter (CCNc) were used to determine the particle growth
factor and CCN activity respectively.

Withou UV irradiation, most of vanillin evaporated to the gas phase during drying and gave
negligible organic mass in particles (Figure 1, before time < 0 min). A large amount of SOA was formed
and retained after reactions under both conditions, although products might be different under these two
conditions according to HR-ToF-AMS characterization (Figure 1). Off-line analyses by liquid
chromatography-mass spectrometry (LC-MS) and gas chromatography-mass spectrometry (GC-MS) also
confirmed that the product identities from these two conditions are different. Organic mass first increased
rapidly and then decreased under condition (1), but kept increasing slowly under condition (2), as shown in
Figure 1A and 1C, respectively. It was found that the degree of oxygenation of products from condition (1)
first increased and then decreased, suggesting a competition between functionalization and fragmentation
(Kroll 2009; Lee 2011), while it kept decreasing under condition (2). Hygroscopic behavior and CCN
activity of ammonium sulfate decreased substantially with the organic products retained in the particles.
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The resolved growth factor of organics correlated with the increase of degree of oxygenation (O:C ratio) of
organics formed.

Our results suggest that aqueous-phase reactions of methoxy-phenolic compounds from biomass
burning can retain this portion of carbon mass in the particle phase even after extensive drying/dilution
processes. This portion of carbon mass, once retained, significantly alters the particle hygroscopicity and
CCN activity.
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Figure 1. Changes of organic to sulfate ratio, organic mass fraction, and mass spectral feature during
reactions under conditions (1) (A and B) and (2) (C and D).
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Aerosol radiative effects on the meteorology and concentrations of

pollutants in Mega-Cities
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Abstract: Aerosols scatter or absorb incoming solar radiation, perturb the temperature structure of the
atmosphere, and impact meteorological fields and further the distribution of gas phase species and aerosols.
In the present study, the aerosol radiative effects on the meteorology and photochemistry in Mexico City
are first investigated using the WRF-CHEM model during the period from March 24" to 29" associated
with the MILAGRO-2006 campaign. Aerosols decrease incoming solar radiation by up to 20% and reduce
the surface temperature by up to 0.5 °C due to scattering and absorbing the incoming solar radiation in
Mexico City. The absorption of black carbon aerosols can also enhance slightly the temperature in the
planet boundary layer (PBL). Generally, the change of the PBL height in the city is less than 200 m
during daytime due to the aerosol-induced perturbation of temperature profile. Wind fields are also adjusted
with the variation of temperatures, but all the aerosol-induced meteorological changes cannot significantly
influence the distribution of pollutants in the city. In addition, when convective events occur in the city, the
aerosol radiative effects reduce the convective available potential energy (CAPE) and the convective
precipitation is generally decreased. Further studies are also performed to evaluate the aerosol direct effect
on the meteorology and concentrations in Mega-Cities in China under the heavy haze condition.
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Influences of Fireworks Display on Gaseous Ambient Air Pollutants and

Titration Effects during the Taiwanese Lantern Festival

(Chung-Shin Yuan!, Chang-Gai Lee?)
1 &78 1 KB IREE T FEFL )T, mhfE 80424

# . The display of fireworks is a traditional way to celebrate very important Chinese festivals such as
New Year and Lantern Festival. This study investigated the influences of firework displays on ambient air
quality during the Taiwanese Lantern Festival in Kaohsiung City. Both of the organic (methane, NMHC,
THC, benzene and toluene) and inorganic (NO, NO2, SO, CO, and Oz) gaseous pollutants were measured
to fulfill the investigation. For organic gaseous pollutants, an increasing of THC concentration due to the
firework displays was found. The concentration peaks of THC were caused mainly by the obvious increase
of NMHC. The concentrations of NMHC were approximately 2.3 times higher than those during the
non-firework periods. Moreover, the concentration peak of toluene during the firework periods was
approximately 2.2~4.1 times higher than those during the non-firework periods, while benzene remained
almost the same level as usual. For the inorganic gaseous pollutants, the concentration peaks of NO, NO;
and CO were observed during the firework displays periods. The concentrations of NO and NO; was
approximately twice and 3 times higher than those during the non-firework periods, respectively. This study
further revealed that, even at nighttime, ambient Oz could be reduced dramatically during the firework
periods, when as NO2 concentration increased concurrently, due to titration effects resulting from the
prompt reaction of NO with Oz to form NO; and O,. This study revealed that firework displays for
celebrating the Taiwanese Lantern Festival contributes significantly high amount of gaseous pollutants to
the atmosphere of Kaohsiung City.
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Pollution Characteristics and Sources of Carbonaceous Aerosols in PM2.5
During Winter in LanZhou

Ligang®  Shiguang-yu? Lihong-yu'® Deng zu-gint
(1, Institute of Arid Meteorology, china, Key Laboratory of Arid Climatic Change and Reducing Disaster
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3. Institute for Climate and Global Change Research, School of Atmospheric Sciences, Nanjing University,
Jiangsu Nanjing, 210008, China, )

Abstract: The Purpose of this study was to investigate the concentration characteristics and sources of
carbonaceous aerosols in PM2.5 during winter in Lanzhou. Organic carbon(OC) and elemental carbon(EC)
were measured by thermal/optical method using DRI-2001A. The average mass concentrations of OC. EC
and TC were 7.48ug/m3, 22.71pug/m® and 30.19ug/m3. Carbonaceous aerosol account for 38.8% of
PM2.5. The correlation coefficient of OC and EC was 97.6%. Mass concentration of SOC is 2.95ug/m?,
Factor analysis on the eight carbon fraction indicated that coal combustion and vehicle emissions were the
major sources for carbonaceous aerosol

Key words: PM25, OC, EC, SOC, Factor analysis
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Preliminary study of the influence of OH radical source on the formation

process of secondary organic aerosol in smog chamber experiment”

(Hong LI*, Kei SATO?, Akinori TAKAMI?, Xuezhong WANG?)
1 State Key Laboratory of Environmental Criteria and Assessment, Chinese Research Academy of
Environmental Sciences, Beijing 10012, China
2 National Institute for Environmental Sciences, Tsukuba 305-8506, Japan

Abstract: The isoprene/NOX, isoprene/NOx/CH3ONO and isoprene/NOx/H-O, mixtures were irradiated
separately to simulate the formation of secondary organic aerosol (SOA) from the OH-initiated isoprene
photo-oxidation reaction in a 6-m°, teflon-coated, stainless steel indoor smog chamber; An in-situ
Long-path FTIR, a SMPS and a AMS were used to measure the concentrations of reactants and gaseous
products, the size distribution and volume concentrations of SOA and mass concentration of organic
aerosol and inorganic components of aerosols. Oxidation process of isoprene, the product yields of main
gaseous reaction products, and the SOA formation process were investigated and compared among the
three mixtures irradiation systems to study the effects of OH radical sources on the format ion process of
secondary organic aerosols.

Key words: Secondary organic aerosol, OH radical sources, Isoprene photo-oxidation reaction, Indoor

smog chamber
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Abstract: Two inter-decadal shifts in East China summer rainfall during the last three decades of the 20th
century have been identified. One shift occurred in the late 1970s and featured more rainfall in the Yangtze
River valley and prolonged drought in North China, along with the substantial weakening of East Asian
summer monsoon (EASM). The other shift occurred in the early 1990s and featured increased rainfall in
South China, in accompany with the further weakening of EASM. In this study, the authors used
Geophysical Fluid Dynamics Laboratory’s (GFDL’s) atmospheric general circulation model known as
Atmosphere and Land Model (AM2.1), which has been shown to capture East Asian climate variability
well, to investigate the influence of anthropogenic black carbon (BC) aerosols by conducting sensitive
experiments with or without historical BC. The results suggest that the model with the prescribed BC over
East Asia reproduces the first shift well, including intensified rainfall in the Yangtze River and weakened
monsoonal circulation. However, the model captures only a fraction of the observed variations for the
second shift event. Further experiments with prescribed remote upstream BC are conducted, and the results
suggest that the decreased BC over Europe around the early 1990s may have contributed to the second shift
of EASM. Thus, the role of BC in modulating the two shift events is different. The local BC’s impact is
relatively less important for the early 1990s event, while the interdecadal decrease of European BC around
the early 1990s may have played an important role.
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Reduction of both NOx and PM emission by using water containing diesel

fuels

(Yu-Cheng Chang?, Wen-Jhy Lee?)

! Department of Environmental Engineering, National Cheng Kung University, Tainan 70101, Taiwan

Abstract Diesel engines are widely employed in both heavy-duty vehicles and generators, due to its high
thermal efficiency, high power output and low emissions of regulated pollutants, such as carbon monoxide
(CO) and hydrocarbon (HC). However, the International Agency for Research on Cancer (IARC) has
classified diesel engine exhaust as carcinogenic to humans (Group 1), and research has shown that there is
a significantly increased risk of mortality from lung cancer with increased exposure to diesel exhaust.
Cleaner and more efficient diesel engines have been developed over the past few decades. For example, the
exhaust gas recirculation (EGR) process was developed to reduce NOx emissions. However, due to the
trade-off relationship between NOx and PM, the EGR is not effective for simultaneously removing NOx
and PM 2 3, Now the focus of pollutant reduction techniques is mainly on cleaner alternative fuels.*
Numerous studies have investigated the emission and energy performance of diesel engines that are fueled
with biodiesel>*t. Their findings show that the related particulate matter (PM), carbon monoxide (CO),
total hydrocarbons, sulfur dioxide, and polycyclic aromatic hydrocarbon (PAH) emissions are lower than
those of regular diesel. In addition, these fuels improved the engine performance. However, many of these
studies also indicated that the use of biodiesel and related diesel blends lead to higher NOx emissions,
which are strictly controlled by emissions standards in many countries >4, Thus, NOx emissions are a

critical barrier for the adoption of biodiesel.

Alcohol additives, such as ethanol and butanol can reduce NOx formation, while reducing PM and CO
emissions and improving energy performance. These types of alcohol could be produced by fermenting
biomass feedstocks; however, high water content in the fermentation products make it difficult to use
without dehydration. The removal of water during product fermentation will require additional energy and
increase production costs.

Recently, several studies have reported that water-containing alcohol-diesel blends improve the energy
efficiency of diesel engines and reduce pollutant emissions (NOx, PM, Total-PAHs and Total-BaPeg) & 5 6.
The addition of water-containing alcohol-diesel blends is beneficial in terms of saving energy and reducing
pollution. The high oxygen concentrations of the alcohol-diesel blends could result in more complete
combustion, which would increase energy efficiency and lower PM, CO and PAH emissions. In addition,
the oxygenated additives and the small amount of water could result in a cooling effect that reduces the

combustion temperature. This process would also reduce the NOx emissions. However, previous studies
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have only considered individual oxygenated fuels rather than the typical compounds that are produced from
the biomass feedstock fermentation process. These compounds include acetone, butanol and ethanol at
volume percentages of approximately 22-33, 62-74 and 1-6%, respectively'’-1°.

Here, a water-containing acetone-butanol-ethanol (ABE) solution, which simulates products that are
produced from biomass fermentation without dehydration processing, was investigated as a biodiesel-diesel
blend additive to lower NOx emissions from diesel engines. Although biodiesel had a greater NOx
emission, the blends that contained 25% of the water containing ABE solution had significantly lower NOx
(4.30-30.7 %), PM (10.9-63.1 %), and PAH emissions (26.7-67.6 %) than the biodiesel-diesel blends and
regular diesel, respectively. In addition, the thermal energy efficiency of this new blend was 0.372-7.88 %
higher with respect to both the biodiesel-diesel blends and regular diesel. Because dehydration and
surfactant additions are not necessary, the application of water containing ABE-biodiesel-diesel blends can
simplify fuel production processes, reduce energy consumption, and lower pollutant emissions. Thus, the
water containing ABE-biodiesel-diesel blend is a highly potential green fuel in the future.

Keyword: water-containing ABE, diesel engine, PM, NOx
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Study of long-range transport air pollutants to Taiwan during Southeast

Asia biomass burning events

(Chuan-Yao Lin?, Chun Zhao?, Xiaohong Liu?, Neng-Huei Lin®, Kai-Hsien Chi?)

1. Research Center for Environmental Changes, Academia Sinica, Taipei, Taiwan
2. Atmospheric Science and global change division, Pacific Northwest National Laboratory, Richland,
WA, USA
3. Department of Atmospheric Science, National Central University, Taiwan
4. Institute of Environmental and Occupational Health Sciences

Abstract:Biomass burning in the Indochina Peninsula (Indochina) is one of the important ozone sources
in the low troposphere over East Asia in springtime. Moderate Resolution Imaging Spectroradiometer
(MODIS) data show that 20,000 or more active fire detections occurred annually in spring only from
2000 to 2011. In this study, WRF-Chem model was employed to evaluate the biomass burning products
transport from Indochina during the episodes between 15 and 19 March, 2008. Hourly Data at
background Liulin mountain station (2862 m elevation) shows that CO, O3 and PM10 are ranging about
200-300 ppb, 30-60 ppb and 50-80 ug/m3, respectively. It was estimated that the concentrations of those
species are about factor of 2-3 higher than other seasons during study period. Simulation results
demonstrate that the leeside troughs over Indochina play a dominant role in the uplift of the air pollutants
below 3 km. Furthermore, the impact of biomass burning from Indochina on downward shortwave flux

could as high as around 20- 30 Wm2 in northern Taiwan during study period.
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Development of an optimal method for **C-based source apportionment of

PMo. s carbonaceous aerosols at a background site in East China

(Di Liut*, Jun Lit*, Yanlin Zhang?, Yue Xu?, Xiang Liu!, Ping Ding? Chengde Shen?, Yingjun Chen?,
Chongguo Tian®, and Gan Zhang?)

1 State Key Laboratory of Organic Geochemistry, Guangzhou Institute of Geochemistry, Chinese Academy
of Sciences, Guangzhou 510640, China

2 State Key Laboratory of Isotope Geochemistry, Guangzhou Institute of Geochemistry, Chinese Academy
of Sciences, Guangzhou 510640, China

3Yantai Institute of Coastal Zone Research, Chinese Academy of Sciences, Yantai 264003, China
4 Graduate University of the Chinese Academy of Sciences, Beijing 100039, China

Introduction
Carbonaceous aerosol is one of the most abundant components (20-80%) of atmospheric fine particulates

(PM2s) [1] and substantially affects both climate and human health. Based on their optical properties,
carbonaceous aerosols can be classified as organic carbon (OC) or elemental carbon (EC). In general, EC is
a primary pollutant derived exclusively from the incomplete combustion of fossil fuels and biomass
burning, whereas OC is a complex mixture of primary and secondary organic aerosols (POA and SOA,
respectively).

Compared with other methods, such as the use of the OC/EC ratio only, radiocarbon (*#C) analysis
facilitates the direct differentiation of modern carbon sources from fossil fuel sources [2, 3]. To date, many
14C studies have focused on the amount of total carbon (TC) in aerosols [4-6], and only a few studies have
separately analyzed both OC and EC due to limitations of the technique, the bulk samples required, and the
high cost for *C measurement. Furthermore, due to their ambiguous artificial boundary, the identification
of the individual OC and EC fractions in carbonaceous aerosols is depends significantly on the method [7].
Because EC is emitted into the atmosphere solely from either fossil fuel combustion or biomass burning as
primary particles, a clear distinction of the EC source between these two sources can be achieved [8, 9]. As
a result, the use of a combination of OC/EC separation and *“C analysis for the identification of the source,
regardless of whether its origin is fossil or non-fossil, is more effective than the analysis of the 1C in the
TC.

Due to the rapid economic growth and high population density in China, the aerosols and their precursor
emissions have drawn significant attention in recent decades. As one of the three largest economic hubs in
China, the Yangtze River Delta (YRD) experiences serious air pollution but few monitoring station of
14C-related studies. Ningbo Atmospheric Environmental Observatory (NAEO) , where close to the East

China Sea and in the southern part of the YRD, was established since it is a key site or outlet for the aerosol

* Corresponding author. Phone: +86-20-85291508; fax: +86-20-85290706; email: junli@gig.ac.cn
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transport routes from the Chinese sub-continent to the Pacific Ocean.

The objectives of this study were the following: 1) set up an off-line EC separation method and system for
14C determination and 2) quantitatively apportion the contemporary and fossil sources of OC and EC using
this method and clarify their source seasonality at a regional background site in East China. In addition, the
concentrations and seasonal variations of OC, EC, and levoglucosan ( an indicator of biomass burning) in
PM_s were also investigated to substantiate the *C-based source apportionment results.

Material and Methods
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FIGURE 1. Ningbo Atmospheric Environment Observatory (NAEO).
Sample Collection. Ningbo Atmospheric Environment Observatory (NAEO) (29°40.8°N, 121°37’E, 550 m

ASL) is located on a rural mountaintop in East China and is a regional background site (FIGURE 1).
Sample Treatment and Analytical Procedure. The PMs samples were collected at the rooftop of a
building using high-volume (hi-vol.) samplers operating at 0.3 m3min. A total of 36 aerosol samples were
collected once a week from July 2009 to March 2010. The air particles were collected on 8x10-inch quartz
microfiber filters (PALL). Field and laboratory blank filters were collected and weighed before and after
the collection of the samples.

Determination of “C in OC. The measurement of the *C in the OC was performed using the OC/EC
separation system described previously [10] with slight modifications.

Determination of *C in EC. In this study, the determination of the *C in the EC was performed by the
evaporation of the OC at 375<C in a muffle furnace in the presence of air [11-13].

Target preparation and AMS measurement. The preparation of graphite targets for accelerator mass
spectrometry (AMS) analysis was performed using the graphitization line at the Guangzhou Institute of
Geochemistry, CAS through the hydrogen and zinc reduction method [14]. The 4C/*C ratios in the

graphite samples were determined through NEC compact accelerator mass spectrometry (AMS) at Peking
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University.

Determination of the OC and EC concentrations. A punch (0.526 ¢cm?) of each filter was analyzed to
determine the OC and EC concentrations through thermal-optical analysis with a DRI Model 2001
(Atmoslytic, Inc., Calabasas, CA, USA) following the Interagency Monitoring Protected Visual
Environment (IMPROVE) thermal optical reflectance (TOR) protocol [15].

Determination of levoglucosan concentration. The concentration of levoglucosan on the filters was
quantified by analyzing trimethylsilyl (TMS) derivatives using a Hewlett-Packard (HP) 6890 gas
chromatograph mass spectrometer (GC-MS).

Results and Discussion.

Seasonal variation and concentration levels of PMzs, OC, and EC. The high values of OC and EC
could be attributed to the anthropogenic emission sources from the northern part of China and the coastal
area in Southeast China. A seasonal variation with a maximum in the winter was observed. The 5-day back
trajectory analysis demonstrated that the seasonal variations of carbonaceous materials were consistent with
the changes in the winter and summer monsoons.

Seasonal variation and concentration levels of levoglucosan. The high concentration of levoglucosan
was observed during the summer. The seasonal characteristics of the levoglucosan concentration at
background sites can be explained through the combined impact of climatic conditions and regional
pollutant emissions.

Analysis of standard reference material. The fy results, in conjunction with the uncertainties obtained in
this study, were in good agreement with other investigated values, which indicates considerable confidence
in the consistency of the measurements.

Source apportionment of carbonaceous aerosols from “C in OC and EC. Biomass burning and
biogenic sources were the major contribution to OC, whereas fossil fuel was the dominant contributor to
EC in East China.
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The PAH concentrations and compositionsin aerosol over Marginal and
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Abstract: As a group of ubiquitous contaminants in environment, polycyclic aromatic hydrocarbons
(PAHSs)in atmosphere can be formed and emitted by natural and anthropogenic combustion processes. In
this paper, we selected some filter samples collected aboard the R/V DayangYihao in the year of 2007 and
analyzed 15 USEPA priority control PAHs over Asian marginal seas and remote North Pacific Ocean,
respectively. The results showed that particulate PAHs over marginal sea were higher than that over the
remote North PacificOcean by a factor of ~5-10. The PAH composition profile over marginal Sea was in
agreement with that emitted by the continental emission sources, however, different pattern was observed
for the PAHSs over the remote North Pacific Ocean.

Keywords: polycyclic aromatic; hydrocarbons (PAHs); ocean; composition; profile

1 Introduction

Polycyclic Aromatic Hydrocarbons (PAHSs), produced by the incomplete combustion of the carbon
containing materials, are ubiquitous in environment and concerned widely duo to theirnegative impacts on
human beings (Brunekreef and Holgate, 2002)and ecosystem(Howsam et al., 2001).Generally, highest
PAHSs level was occurred in the urban/industrial regions (Li et al., 2009; Liu et al., 2007) because of the
large consumption demand of the fuels in these areas.

Marginal sea, as the interface between continents and oceans, can be reflective of the airborne PAHs
outflow from the continents (Lang et al., 2008; Xu et al., 2012). If the meteorological conditions were
appropriate, PAHs derived from emission sources will penetrate the land-sea interface and transport to the
remote open oceans through long range atmosphere transport (LRAT). Up to now, reports on PAHs over
marginal sea and remote open oceans are limited. In this study, aerosol samples collected over Asian
marginal sea and North Pacific Oceans with the aim to 1) measure the PAHs concentrations in aerosols 2)
make a comparison between marginal seas and open oceans for the PAH composition profile.

2 Materials and Method

2.1 Sampling
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During the cruise aerosol samples over Asian Marginal Seas and North Pacific Ocean were collected
onboard the R/V DayangYihao. Air volumes of ~400-1200 m3 were drawn through a Quartz microfiber
filter (QFF) (Grade GF/A, 20.3 >x25.4 cm, Whatman, Maidstone, England) using a high-volume sampler
(Anderson type) at a flow rate of 300 m3/min, which was placed at the front of the ship with the purpose to
avoid contamination from ship exhaust. Prior to sampling, QFFs were baked at 4500C for 12 hours to
remove any organic contaminants. After sampling, QFFs were wrapped with prebaked aluminium foil and
sealed with 2 layers of polyethylene bags, then stored at -200C until analysis. Six clean QFFs exposed to
air for a few seconds and then stored in freezer during the whole voyage were used as field blank samples.
2.2 PAHs analysis

Before the extraction, filterswere spiked with 1000 ng of deuterated PAHs as surrogates and
Soxhlet-extracted with DCM for 48 hours. Extract was concentrated by a rotary evaporator and
solvent-exchange was completed using hexane. Purification was accomplished by a 8 mm in diameter
alumina/silica column in turn containing anhydrous sodium sulphate (1 cm), neutral silica gel (3 cm, 3%
deactivated) and neutral alumina (3 cm, 3% deactivated). PAH fractions were eluted by 15 mL of a mixture
of DCM and hexane (1:1 by volume). The eluent solvent was blown down to a final volume of 200 pL in
hexane under a gentle stream of nitrogen. Prior to analysis, 1000 ng of hexamethylbenzene (Aldrich
Chemical, Gillingham, Dorset, USA) was added as an internal standard.

PAHs were analyzed by an Agilent 7890 gas chromatograph equipped with a capillary column (DB-5MS,
30 m, 0.25 mm, 0.25 pm) and a mass spectrometric detector (MSD, Agilent 5975). Samples (1 pL) were
injected under splitless mode with a 10 min solvent delay time. High purity helium was used as carrier gas
with a flow velocity of 1.83 mL/min. The temperature of injector and transfer line was 290<C and 300°<T,
respectively. The initial oven temperature was set at 60 <T for 1 min and raised to 290<C at a rate of
3<C/min and held for 20 min. 15 PAHs were quantified: acenapthene (Ace), acenapthylene(Acy), fluorene
(Flo), phenanthrene (Phe), anthracene (Ant), fluoranthene (Fla), pyrene (Pyr), benzo[a]anthracene (BaA),
chrysene  (Chr),  benzo[b]fluoranthene  (BbF),  benzo[k]fluoranthene(BkF),  benzo[a]pyrene
(BaP),dibenzo[a,h]anthracene (DahA), benzo[g,h,i]perylene (BghiP) and indeno[1,2,3-c,d]pyrene (IcdP).
Mixture and deuterated PAHSs standards used in this study were obtained from Ultra Scientific Inc. (North
Kingston, RI, USA), and all reagents were purchased from Honeywell Burdick & Jackson Company
(Morristown, NJ, USA).

2.3. Quality control and quality assurance

The standards of PAHSs were injected to the instrument for checking its stability daily and deviation of the
instrument was less than +10%. Isotope-labeled PAHs were added into samples and field blanks to monitor
the analytical procedure. The method detection limits (MDLs) were assigned as average values of blanks,
with 3 times of standard deviations of obtained from the blanks. When the compounds were not detected in
the blanks, 3 times of the instrumental detection limit (IDL) were used for calculating the MDLs. The IDL

values were calculated from the lowest standards, extrapolating to the corresponding amount of analyte that
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would generate a signal-to-noise ratio of 3:1. All target compounds in the field and lab blanks were under
the IDLs. The data reported in this study were not corrected by the percentage of recoveries.

3 Results and Discussions

3.1 Concentration level

Total particulate PAH concentrations over Asian marginal sea were obviously higher than that over remote

North
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trations over Chinese Marginal Seas and North Pacific Ocean (pg/m?)

PAH concentrations over marginal sea ranged from 3,300 to 6, 900 pg/m?, while the corresponding levels
decreased by a factor of 5 to 10 over the remote North Pacific Ocean. This concentration level measured in
this study was consistent with other studies performed in the similar oceanic region (Ding et al., 2007).
Relative higher PAH concentration in the atmosphere over marginal sea indicated that continents have
significant impact on the atmospheric PAHSs, as the emission sources of PAHs from oceans are negligible.
For the remote North Pacific Ocean, the relative low particle-bound PAHs might be migrated from distant
emission sources through long range atmospheric transport (LRAT). During the LRAT, PAHs would be
eliminated due to the atmospheric removal mechanism, such as dry/wet deposition (Li et al., 2009) and
atmospheric reaction (Butler and Crossley, 1981). It also should be noted that PAH concentrations over
theEast China Sea were higher than that in the atmosphere of the South China Sea, suggested the emission
sources in North China were much intensive than that in South China for the particulate PAHSs. This is can
be contributed to the extensive usage of coal and biofuel in North China in winter time. Similar result was
observed by Liu et al.(Liu et al., 2007).
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3.2 Composition profile
There was a significant difference between the Marginal Seas and the Open Ocean for the PAH

composition profile (Figure 2). For the Marginal Seas the largest contributors to PAHs were the high
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Figure 2The particulate PAHs composition profile over Marginal seas and Open Ocean

molecularcompounds (BbF, Ind and BghiP), however, moderate molecular compounds (Phe, Flua and Pyr)
dominated the composition profile over the Open Ocean. High molecular weight PAHs are mainly
dominated by the particular phase due to their lowest vapor pressure, thus they will hard to re-enter to the
atmosphere once scavenged through atmospheric removal effect during the LRAT. However, Phe, Flua, and
Pyr can re-volatilize to the atmosphere from the oceanic surface (Jaward et al., 2004)and then partitioning
between two phase to the equilibrium due to their appropriate vapor pressure (Liu et al., 2013; Ollivon et al.,
2002) with the change of the ambient temperature.

4 Conclusions

The concentrations of PAHs in aerosols over Asian marginal seas were obviously higher than that in North
Pacific Ocean, which suggested that the emissions from the continents can render significant negative
impact on the seas. Remarkable difference of the PAH compositionprofile was found between Asian
marginal sea and North Pacific Ocean. This result might be caused by the intensive atmosphere physical
and chemical reaction during the LRAT.
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Fig.1 Hourly averaged PM; s concentration and daily averaged API index from 1 April to 30 June 2012.
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Fl MY YL IRAIE R 7 B
Table 1 Details of typical polluted days and clean days

PM3s PMas
KRAEH  TH /g em  API KAEH A /g *m AP
-3 -3
2012.4.7 — 108 2012.4.5 67.16 87
2012.415 — 106 2012.4.6 — 86
EHRR 201255 9612 125  imiEAK 2012.4.18 4092 81
2012.5.6 109.34 128 2012.5.10 55.55 71
2012.6.9 175.29 101 2012511 65.57 81
2012.6.10 244.25 165 2012.6.15 4291 62
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Fig.2 The diurnal variations of meteorological factors under three typical weather conditions:

land surface air pressure; (b) wind speed; (c) wind rose
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Fig.3 The diurnal variations of the land surface energy budget under three typical weather conditions:
(a)Shortwave radiation flux; (b) longwave radiation flux; (c)net radiation flux, sensible heat flux and latent

heat flux
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(b)

B 4 FEKEERTRBIXER: (2)6.8 1400LST(b)6.10 1400LST
Fig.4 All-Sky images from Lishui site: (a) captured at 1400LST, 8 June; (b) same as (a), but for
10 June
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* A, J. Ding, C. B. Fu, X. Q. Yang, et al. Intense atmospheric pollution modifies weather (to be submitted)
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Fig. 5Variations of micrometeorological factors from 7 Jun to 13 Jun 2012: (a)Air pressure; (b) air

temperature and relative humidity; (c) wind speed
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Fig.6 Variations of the surface fluxes from 7 Jun to 13 Jun 2012: (a) Shortwave radiation flux; (b)



A J e O R B B SRR R R BRI &

longwave radiation flux; (c) net radiation flux, sensible heat flux and latent heat flux
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Is formation of NH4NO:3 a critical factor for the growth of > 10 nm new

particles to cloud condensation nuclei size in marine boundary layer?

(Xiaohuan Liu, Yujiao Zhu, Huiwang Gao, Tianran Zhang, Yao Xiaohong")
Key Laboratory of Marine Environment and Ecology, Ministry of Education of China, Ocean University of
China, Qingdao 266100, China

Abstract: In the last three decades, huge efforts have been taken to improve understanding of the
relationship between ambient nucleation of new particles and its impact on the climate in marine boundary
layer (MBL), e.g., CLAW hypothesis and studies related. However, only >40-50 nm new particles could be
activated as cloud condensation nuclei (CCN) under typical range of water supersatuations occurring in
MBL. The knowledge gap still existed, i.e., which chemicals are critical factors in growing nucleated
particles to CCN size in MBL. In this study, we found that nucleated particles in MBL cannot grow over 40
nm in absence of strong formation of NHsNOs. However, the strong formation of NHsNOs3 together with
organics can grow nucleated particles close to or over 50 nm in MBL. These indicate that the strong
formation of NH4NOs is a critical factor to grow nucleated particles to CCN size in MBL. However, the
strong formation of NH4NOs3 occurred only in polluted air mass in MBL. Thus, ambient nucleation of new
particles in clear and remote MBL is probably not a source of CCN due to lack of a strong formation of
NH4NO;3 and the nucleation may have no impact on the climate.

Keywords: new particle formation, NH4sNOs3, secondary organics, China Seas, CMAQ model
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Haze trends and its factor influencing over the Yangtze River Delta Region

of China, 1980-20009.

LIU Xiao-hui, ZHU Bin*, WANG Hong-lei,ZHANG En-hong

(Key Laboratory for Aerosol-Cloud-Precipitation of China Meteorological Administration,Nanjing
University of Information Science and Technology, Nanjing 210044, China)
Abstract: Based on the meteorological data from 38 observation stations, haze variations over the Yangtze
River Delta region for the period of 1980~2009 are presented .The extinction coefficient of each
observation was also modified and analyzed .The corrected extinction coefficient for each station was
highest in winter, lowest in summer. Over the past 30 years, there has been a significant increase in haze
days.Horizontal visibility,haze days,dry coefficient and air quality index (API) of the three typical pollution
station(Nanjing,Hangzhou,Hefei)and one background station(Huangshan) were analyzed. It was discovered
that in haze days,visibility was anti-related with APl,and the correlation gradually increased with relative
humidity.

Keywords:the Yangtze River Delta Region; haze;dry extinction coefficient; visual range; API
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Fig.2 geographical distribution of meteorological observation stations and the average annual growth rate of haze days over

Ysngtze River Delta region(1980-2009)
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