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The inversion and validation of aerosol over east China sea
Bian Jian'?3, Cao Yanan®? Xu Mengchun®? , Xu Qingshan®
(1 Key Laboratory of Atmospheric Composition and Optical Radiation , Anhui institute of Optics and Fine Mechanics,
Chinese Academy of Sciences, Hefei 230031, China;
2 University of Chinese Academy of Sciences, Beijing 100039, China;
3 Hefei University, Department of Mathematics and Physics, Hefei 230601, China)

Abstract: Based on the leval 1 and relevant ancillary data of the Moderate resolution Imaging
Spectro-radiomater(TERRA/MODIS), using the Junge power-law size distribution to approximate
the actual atmospheric aerosol model, an iterative algorithm is used in the study for simultaneous
determination of the aerosol optical depth and the exponent of the Jung power law from the total
reflectance data of two satellite-based, near-infrared bands over the ocean. The inverse method
validated with the MODIS product and Aerosol Robtic Natwork(AERONET) solar direct radiance
measurements. The reasonable spatial distribution of the exponent of the Junge law and the aerosol
optical thickness are obtained.

Key words: aerosol optical depth,exponent of the Junge law,MODIS, AERONET
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Fig.1 Spatial distribution(a) and frequency distribution(b) of AOD from MODIS data on 3July,2008
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Evaluating the degree of oxygenation of organic aerosols during foggy
and hazy days in Hong Kong using high-resolution time-of-flight aerosol
mass spectrometry (HR-ToF-AMYS)

(Yongjie Li*, Berto Paul Yok Long Lee?, Chak K. Chan®2)
! Division of Environment,

2 Department of Chemical and Biomolecular Engineering,

Hong Kong University of Science and Technology, Clear Water Bay, Hong Kong, keckchan@ust.hk

ABSTRACT:The role of aqueous-phase chemistry in the formation of secondary organic aerosols
(SOA) is still poorly constrained. Here we present observation results of the degree of oxygenation of
organic aerosols (OA) based on high-resolution time-of-flight aerosol mass spectrometer
(HR-ToF-AMS) measurements made at a coastal site in Hong Kong from late April to the end of May,
2011 for 37 days. Two foggy periods and one hazy period were chosen for detailed analysis to
compare the changes in degree of oxygenation of OA due to different processes. The Extended
Aerosol Inorganic Model (E-AIM) predicted fine particle liquid water content (LWCfp) was up to 85
o/m3 during the foggy days. Particle concentration as measured by the HR-ToF-AMS was up to 60
g/m3 during the hazy days. The degree of oxygenation of OA, as indicated by several parameters
including fraction of m/z 44 in organic mass spectra (f44), oxygen to carbon elemental ratio (O:C),

and carbon oxidation state (), was evaluated against odd oxygen (Ox) concentration, LWCfp, ionic

strength (1S), and in-situ pH (pHis). Results suggested that for the hazy period, the high concentration
of OA (on average 11 pg/m3) and the high degree of oxygenation (f44 = 0.15, O:C = 0.51, and =
—0.31) were mainly due to gas-phase oxidation. During the foggy periods with low photochemical
activities, the degree of oxygenation of OA was almost as high as that in the hazy days and
significantly higher than that during non-fog/non-haze days. However, the evolution of OA behaved
quite differently in these two foggy periods. The first foggy period in late April and early May had
larger LWCfp and lower Ox concentration and the OA had more semi-volatile oxygenated organic
aerosols (SVOOA) as resolved by positive matrix factorization (PMF). The second foggy period in
mid-May had higher Ox concentration and lower LWCfp, and produced more low-volatility
oxygenated organic aerosols (LVOOA). Examination into the particle-phase constituents suggests that

partitioning may be the dominating process that incorporates oxygenated species into the particle
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phase for the first foggy period, while oxidation may be the dominating process for the second foggy
period. Both physical and chemical processes are important in multi-phase mechanisms for
oxygenated organic aerosol formation.
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Recent research advances of PM2.5 monitoring and sampling
techniques

(EEWE (Tsai, Chuen—Jinn))

BT TFED70 AT, #rfT, 508, 30010

Abstract:Accurate sampling and analysis of PMzs is essential to determine the compliance with
promulgated ambient PM_s standards and identify the sources of PM.s pollutants. USA PMzs FRM
(federal reference method) manual samplers or FEM (federal equivalent method) monitors are
commonly used but there are still rooms to improve the accuracy. In several air monitoring stations in
Taiwan, it was found PM.s concentrations are over-estimated by the VEREWA-F701 BAM (beta
attenuation monitor) by as much as 58.4 %, and 28.4-29.8 % by the earlier version of the Met-One
BAM-1020s (without FEM designation). In this talk, reasons why PMazs concentrations are
overestimated by automatic beta attenuation monitors, including positive artifacts due to acid gas
adsorption by the glass fiber filter tapes used in the monitors, aerosol water content and volatilization
loss of inorganic semi-volatile species will be presented (Liu et al., 2013a). Then the size-selective
inlets of current manual PM samplers, including impactors and cyclones, will be reviewed and
problems associated with particle bounce, evaporation loss, ambient relative humidity and substrate
coating conditions will be discussed. It was found that the BGI VSCC (very sharp cut cyclone) has a
better solid particle loading performance than that of the WINS impactor and oil-coated Teflon
substrates are capable of resolving solid particle loading problems in impactors (Tsai et al., 2012). The
results of using the newly developed MFPPS (multi-filter PM1o-PM25 sampler) in NCTU (Liu et al.,
2011) to determine artifacts during filter sampling and conditioning of PM2s manual samplers will be
presented. The evaluation of PM; s monitoring accuracy of the Model 1405-DF TEOM-FDMS, which
is capable of correcting for positive and negative PM s artifacts, will also be presented. For obtaining
accurate size-classified aerosol samples, a newly developed 10-stage NCTU micro-orifice cascade
impactor (NMCI, 56 nm to 10 m) which contains new nozzle plates with smooth nozzle shape made
by the LIGA (Lithography, Electroplating, and Molding) process, will be introduced (Liu et al.,

2013b). The laboratory and field comparison test results showed the NMCI outperforms the widely
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used micro-orifice uniform deposit impactor (MOUDI, MSP Model 110).

Keywords:PM. s, sampling artifacts, impactor, cyclone, PM sampling, monitoring
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e, SRR EIEIR RS, ™ HI )4 SR R, RS0, NOSAERRE AEAk A E 1)
FEREY, BRI E AR EER . Pt AESS 51— R 5 0 IR KT
WEZR Y MO TR RO X R AR, R KA A A SIS B
IR RS Ve

IR, BRIGREREFMREEY]), ARERGNAET T RMRE T8 1%
SN LAV RE S 2 RS e AT ST IR B o AEVS GRIR— B AR R, TS R
FERI RN BT R R4 o NIRRT 7S RS R0, 80 RIS % 461 k4R
ST A= AEE AR, XS cEm i = AR EF A R . 258 O R EA FIR
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WG Y 5RREM KRBT R . MEFS W AR GG T 5 R R BRI K
Bl: {5YY IR S KGR 9%, HZRr IR B e, A AN A5 S B s bR e . 15
F 722 R I 200 1-20044F T H 17 PMuo M1 (] S 17 /<0 5 B 3R (AR I ), 32 BT 17 PMLo 5 K
B MDHEE . THREASIEZRGXR, S5 T BB R . MRS R,
K LA SR 0 R A P B R, R A A B o 9 AME — S AR i
BN, miRE AR B R PR R S . B s VS KRR 5 I R
AORBLRURA . ROE R B R T 25 JRL T 5 540 Yrdm  madsh, <
GEAFICFH KT R 2 HE T3 YR R R BB R 7. G IR Z BRI T AR
St X 2 SR T, AR B2,

H R P 402235 K 22000 28T 568 K35 YA 24 M S R S A AR AR S PR AT, AR T S [X 4k K
S5 YR B A I e T 24 My YR A HE ORI R % 1, 3R 1 TR X (95 Y i
T2, X5 KIS G A AT 4. W20 144E T 5075 B F 35 IR, 30035 il
A2 ) R ST T 0T 75 B2 0 1) R T PO 2 AR B AR IR S5 UM BB, T UL B AR, ARSCRI
FA20104E8 H (BB BIRTEI 1 10 550, NO», PMiys Jeink 2 W S804 LA J WRE RS
13BN SRS R , W12 53 8 H R0 Bl UG AR A A re 3 X35 G ki) Je = A ik g
AN, HETTT 4R A T A R RSB IR, e 20 144 75 B2 B R UL X 25 A
ERHSENRG,

2 Bkl 5k
2.1 TSR F R
201048 H F T 37 | DL £.S02, NO2, PMLOIZRHS i Sk FE .
22 K&GHEH
KENCEP/NCAR 6/]NE 43 #7 B8 BHE WREF3. 41 3K3)18%, 1% FIWRF I 2B 77 ZEBUDAS SI R 75
RIEFERMKIRER, BAESH T .
#—: WRF3.4 Z%1k 77 % (Domain2)

Tabel 1: The parameterization scheme of WRF3.4(Domain2)

Domain2
U ETT % YSU
APASS M WIS Kain-Fritsch
(DCUEEviES WSM3
K AR I TT = rrtm
SR IS Dudhia




IRV AR AR 211

R AL A% s 211
X573 7 10km

3 F R B 5 43 R RrAE

X AL T ARA31° 147 #£32° 377, RZA118° 22" £119° 14" , WHEFEKRITZE
KA, BZEAT R K. B4 H T 201098 H - g, R, 5 B Bim st X
BEAT T X, R 18 P ST Ay v s A 00 47 LR P 0 DA R 38 A T 78 e e 194 ¢ v e
T e 8 N A T2 B R o A 120 1 X1 3 5 Ry 78 g XL A B R R X, R 2 i R
SRRSO, EANE RS YR, SR R VR Ik, AT HE RN 7 R AN R R RO RS A 1
e DX A BSR4 P R AR 1) SR B SR 22—, BT 1095 Gt i et X 7 < S R R 1 32
)55 DR 2 7 g TR P S 1) K RO BE s

40°N

38°N

36°N

34°N

32°N

30°N

28°N

26°N

24°N

118°E 122°E

Bl1 2010 4 8 H I E AR M AR ZMEZE (925hPa) K753 i
Fig.1 925hPa wind over the East China during August 2010
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Fig.2 The correlation coefficient between 925hPa wind and the SO, concentration in
Caochangmen during August 2010
shaded areas are statistically significant at the 0.01 level according to Student t-test shaded
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BI3ZE T SO29K B s (KD B BOXAHAUZRE (925hPa) A1 /3 A4FAE. W 0L, SO2KJE
i (E3a), BE Rt P76 pE RO SRES . SAAIoeR (B2 M, BRI T e KUK R
PRSI RE « YLPE . WIAE 7 IR SO2%a1k 23 g st X, g T it P 2 Ao 7 AF B SR o] o A
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Fig.3 Composite of wind between the more(a) and less(b) concentration of SO, at 925hPa
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Fig.4 Composite of wind between the more(a) and less(b) concentration of NO; at 925hPa
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Fig.5 The correlation coefficient between 925hPa wind and the PM1o concentration in



Caochangmen during August 2010
shaded areas are statistically significant at the 0.01 level according to Student t-test shaded
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CARSNET SRR I A S BRI R

(FEHIEY, BHE? KPE?, TWHE KEFS, PRI
" LIERDT, b, M54
1. PETRFF IR, THRNEA# 46 5, JL5 100081, 17[FH
2. PEFIEGEATHEBTA, L5 100029, H1[EH
3. PETRGTRIFM S L0 FE5 100081, 17715

*Email: chehz@cams.cma.gov.cn

W . UPEAKEREEREN M (China Aerosol Remote Sensing Network-CARSNET)
JEH-CAMS WM A /M8l, 1@H Dobvic BVEIHAT T ARBBGF R, AR
Angstrom JKFEE. BRI SR RCF UGG FHEREL AR A 2R 5
SIHTEERR, AN RSB AR E R ARG 1 — B0, IR BOG R SSA %%
SHOHRNET 5; [RI LLAL CARSNET Sisi4h R AERONET [F)AP W4 i) 22 e, S5 R KRH], —
L AASAFEAR S — 55tk UEBA CARSNET S 4 SR B A BAFHIREFERR(E1E, A4 5 E b
XAV TR A U . MR, AT A SR R LT R

RERF): CARSNET: M G2tk

Aerosol optical properties over different regions of China measured by
CARSNET

Huizheng CHEY", Xiangao XIA?, Xiaoye ZHANG !, Yagiang Wang(initial surname)*, Xiaochun ZHANG?,
Junying SUN !
! Chinese Academy of Meteorological Sciences, Beijing 100081, China
2 Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing, China, 100029

3 Meteorological Observation Centre, CMA, Beijing 100081, China

Abstract :Aerosol optical properties such as aerosol optical depth (AOD), Angstrom Exponent, single
scattering albedo, volume size distribution, phase function, radius of fine and coarse particls at Beijing
have been retrieved by using Cimel sunphotometer measurements of China Aerosol Remote Sensing

Network-CARSNET. The results show different aerosol optical properties over different regions of
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China. Validation of CARSNET’s retrieval results has been done comparing with the simultaneous
measurements of AERONET ones. There is good consistency between two networks’ result, which
indicates CARSNET data quality can be assured to be used by satellite validation, modeling input, and
aerosol climatology studies.

Keywords: CARSNET, aerosol, optical property



T CMB BRI R T 73 SR R IR TR 2

(BB T ihr™)
1 R AFZXTFRFZFZSE, B 210093

2 R KZHCHPrr, B 210093

OB KA C SO R AT A, R CMB A AL 7T R RO ) P SRR
BEEZ L ASOEEHET 2010 4 4 H A 2011 4 5 H SR O B A0 55 20 JOBUR 0L 5 Al
HE BRI FE S HEAT R B AL 22 By A AE S BT LA, 454 OMB B AU AR BT R BT I S8 ok 4ok
U5, 1939 WKL) & RHBOIR DTRR . AT g SRR L . T PM10 IR EEFEIME 2 N
135.8%66.4 ug/m3. 139.9F£77.3 ug/m3, HEZEMTFEH/Z S042-. NO3. Ca. NH4+. C.
Fe. Al. K & PM2. 1 PNl RO EEAEISME 7370008 55. 1£36. 3 g/m3. 71.7+48.0 1 g/m3,
FERLER L S042, NO3. NH4+. Cl. K. Fe. Ca. Zn. Na. Al &5, SZHERE 5 9 BEH
A @BPL. WA, T RERS. SIRREIR UGS . BRAYRIGART 45 R R,
REREAZE RIORE A 1 B 9 3l i D R e KR 9 i 2R (58. 9% 47, 3%) ANB MRS (14. 1% 19. 7%);
R ARE RIURE A 1 B P A e T R B R HRTBONE 9 — IR TEHLER S S (58. 8%+ 44. 2%) FIEEMEZR
(15. 9% 39.5%),

KA. ORI : PMLO; PM2.1; OMBREAY. HEBOBRURIL: SKUSEMAT
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BR = A 3 X GURORLD IR B IR AL A 5 R A

(BFEE, FZHE"™)
Ll K E B RS TR, )4, S M, 510275

*Email: eeswxm@mail.sysu.edu.cn

OB BRIL=SWN (PRD) 4 Sk THI I 25 ke 7™ B (K5 G el L, R rp RO 05 G vl
FRIC NI o T ik = i X BRI K AR A 3, A SCURE 20002010 4F SCHR A BR = £
b DX A ASORL A TR DG BEHRE e 28 ARURSORE A P 5 iR FE R 22 A o K AR RRAE B H 57 LU
HEBURI R &R e G5 3KIL, 2000-2010 42k = f Hh X ARV 5 Bk 2 5 - FHJ R I%,  2004-2005
WL e, BF] 85ue/m3, BRE TGS, M 2000 FH 49ug/m3 TR 2010 )
37 ug/m3, 11 ERFIFREIRAEN 59. 1 1 g/m3. HNBRIAI T M5 YH 0C I EC ZRfkiads 5
PM2.5 M), JE BTG TR, #ik 2 R, 2004 E45 YRR SR EEARREE, S BN
19.4 A1 12. 4 wg/m3. FEER 2004 £ MK RBULE) 131 K, NI HFRKERB RS
Ffy, Bl 2004 FFERE W EEBUHABEG AT BT N RE, 2004 Bk = AHLIX GG E, oY
VIR BE (R fie, 55, 2008 ; BRYOWK, 48, 2010 ; FRENE, 2011). 434 PM2. 5 546245 ARG
RIL, PM2.5 5 0C. EC #H B, 1AF 0. 575 Al 0. 553 LUK H 7K MBS S042. NO3,
NHA+35) 5 ETHEH, 7R N 2000 4E 10,24 1.5 A1 2. 9 ug/m3 ETFE] 2010 4E(1) 12. 2. 6.4,
5.3ug/m3, FHFERENHIAN 12.2, 3.4, 4. 3ug/m3. HTMMTLIERE, BR=fMitXT
MEIEA B A B B R ORI B R/, (HU S02 T NOx &5 - JORL T I AT AR A HE = ATS AR R
K, H 03 WREEARWE M, KAEMMEE R, AR T = KB AR (Wang et
al., 2003;Zhangetal., 2004; Zhengetal., 2010), ¥k = Hu[X 40 F0ki 4 B TEHL iS5 G H it ™
H, BR= A X IPRH S042, NO3. NH4+, OC Al EC BT &5 F 40 L2 5h 24%. 6%, 8% 21%
A 11%, e SYIFRE 0] 70%, H S042-F1 0C Bk AT 5 H 4 et . Bk =M HLX 0C/EC
PO AT 2-5 2 [8], FRMIBR =M X O MU I A il bU A 3 o alad % PRD AS[EJ DX
(YA SIURL AT 4 AT R, X 6 R b X R 0 B A P e v, TS 3 90 1 g/m3, 4k
AERRZIN 60 b g/m3, 8 5 AKEEHRARA 38 u g/m3. /KIEVERE T S042-. NO3-FNE TRV A
T IX e, SRR L o T NHA+ IR B de e, oMb DRI 2% S M MG, 2 5358
X IR . T T A PE B 1 5 TS BRI A DG HE R B, S042 570 S ik B R 24



FHR Ca=0. 05, R=0. 626, K77 HIMAME ™ L 1K SO2 Jlad fb 27 S B £E S042 X T A RSTRL A Ho )

S042 H HE TTHR. NO3 SHLEHEMRFT & (a=0.05,R=0. 663). HLF7{H % (a=0.05, R=0. 625) ik

R FMRK, a4 HER NOx I8 I Ak 57 S N AE i NO3 S K Hb NO3 () B2

Kl (Zhengetal., 2009) ;NHA+SAMACALHE & (R=0. 699) AR ZEAMIC, WHIALFHZHE

JBUT NH3 ¢ NHA+A BB (Zhengetal., 2012). SRR, Bk = At X 40H0RA — 135 4

B, AR 715 e 5 2R = A L XN W s iR RS A 0 Ah, 5Tk, HLBh %R HEK

AARKRRK AR, DRIHETSE B = X R 4RI e e, 2 T A O R R 2 —

REETF: BR=f, MR, BUEIRE, edsy, KRN

SEHR:

CLTBRXCHR, 5 50, s %, . BRVL =91 2001-2008 44K 58 K0 FRAFAE 43 . #iir R 24, 2010, 26,

(2) :147-155.

(2] ifiE, 250, SRR, 45, 1954-2004 £EERIT =M MK TRE WAL (. RIS R 244, 2008, 19(1).

[3]FAREHA. 3 10 4R f Ll TR TRE ILBE AR AURAE S IR IR . T AR, 2011, 33 (1) : 32-34.

[4]wWang T., Ding A.J., Blake D.R., et al. Chemical characterization of the boundary layer outflow of air pollution to
Hong Kong during February- April 2001. Journal of Geophysical Research, 2003, 108( D20): 8787-8801,
doi:10.1029/ 2002JD003272.

[5]Zhang Y.H., Zhu X.L., Slanina S., et al., Aerosol pollution in some Chinese cities (IUPAC Technical Report) . Pure
and Applied Chemistry, 2004, 76(6): 1227-1239.
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the Pearl River Delta region, China and its uncertainty assessment. Atmospheric Environment, 2009, 43:
5112-5122.
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WH %) AW HT RE BRESESTE (52012020011044) “BRIT = MAMAKZE PM2.5 2 2R 5 & X 384
JERFHET 5T B
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T LEE R E R BT R A — IR 2 ST R

(G, 4m', @ZFE, T
1. B RI1GE LFEAFZXTYH S, B, 210044

W E:20124 6 A 8-11 H, ML LRMA A KA T — IRRFELE ¥ 235 Jeid 72 . A SCFI A MODIS
TR SR = R T SRR TR, R K I BEORERT HYSPLIT Ji5 ) Bz =,

IIHT T TR P A I ] B SIE IR 6 B FE (Aerosol Optical Depth, AOD) . 441 ELf (Fine
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Study on a continuous air pollution event in Jiangsu and Anhui provinces
on the basis of satellite remote sensing and field observation data

Chen Ye-xin!, Zhu bin*, Hou Xue-weit,YIN Cong((School of Atmospheric Physics, Nanjing University

of Information Science and Technology, Nanjing 210044)

Abstract: From 8 to 11 June 2012, a serious air pollution event occurred in Jiangsu and Anhui

provinces. On the basis of MODIS satellite aerosol production, meteorological data, and fire spot data,

using HYSPLIT backward trajectory simulation, the variation features of Aerosol Optical

Depth(AOD), Fine Mode Fraction(FMF) and Air Pollution Index(API) was investigated, to inferring



the possible causes of the air pollution event. The study indicated that, in Jiangsu and Anhui provinces,
during this process, most of time, the visibility was less than 10km, the relative humidity was below
90%, and there was a significant increasing in APl and AOD. During the event, the defined Regional
Fine Mode Fraction(RFMF) was calculated to get to the value of 0.79, and the ratio of high value of
FMF was 74.8%, which meant the major pollutants in air was the aerosol fine particles which was
produced by human activities. The atmosphere was stable in Jiangsu and Anhui provinces, providing
an inconvenient condition to the diffusion of pollutants. Between Jun.8 to Jun.1l, in Jiangsu and
Anhui provinces(especially in north area), lots of fire burning spots were detected by MODIS sensor,
which suggested that biomass burning had been happened repeatedly and provided an abundant source
of pollutants. Backward trajectory analysis indicated that the air mass mainly originated from west,
which passed through the region with the air pollutants from biomass burning. In addition, local
circulation was not conducive for the diffusion of air pollutants, all of factors led to the air pollution
event.

Key words: MODIS, Air pollution, AOD, FMF
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HH AL 2 H R

SRR R AR M B R R B AN ek 2 S B S A R L HAE R B 68
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(30° 30°N, 14° 2U'E). I AHRE, B AE, CERER, fBOVIAKIRX . KAt
AXES IR BGT PML. O SRAEES, LA SE2F4EJEIEYCERFE M . SRAFI THA 2013 4E 1 H 20 % 2
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BT KA PMLo R BEIR 2 A 117, 8+51. bhg/m’, [ 5KIRE R B AR PM..s

FIFRME (75mg/m, mF &, GAeEEWT, KT, REEWIE, Hahik= PMuo PRIk
T VRS FRER FE N 53. 5+26. 6kg/m’, 7 PMoo FREIRFER 45. 4 %, RIFKIEME S FHS R
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(72 R BEIRFE 20 B A 145, 1141, 5pg/m’ Al 24. 14+9. 28kg/m’, IEH K/ PMLo A1 SO (724

EIRFEEY BN 67. T£21. 3rg/m" Fl 12. 245, 3pg/m’,

# 1 BT RS PML.O K56 RANIE 5 R PML.0 Rz /K I 25 1 A o BV B

Table 1 The average concentrations of PM1.0and water soluble ions in total, haze and normal days in Wuhan

FEEH (ug/m3) PMx0 Na* NH4* K* Mg2* | Ca?* crr NO3 SOs*
B RfEH (n=17) 117.82 0.26 10.56 1.24 0.04 023 | 158 19.67 19.87
KR (n=11) 145.12 033 | 1265 | 1.48 0.05 038 | 175 | 2441 24.05
EH K (n=6) 67.76 0.15 6.73 0.80 0.02 0.05 | 1.27 | 10.99 12.21
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Fig.1 Distribution of the summer surface-layer aerosols concentrations decadal change accounted

for the time-averaged (unit:%).
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Fig.2 Inter-annual viriations of the summer surface-layer anthropogenic aerosol concentrations and
wind speed during 1995-2004 over the Bohai Bay rim area(a) and the south of the Yellow River(b)
(solid line for aerosol concenration and dashed line for eind speed).The scatter plots of summer
surface-layer anthropogenic aerosol concentrations and wind speed during 1995-2004 over the Bohai

Bay rim area(c) and the south of the Yellow River(d).
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Abstract

Twenty-four-hour PM2.5 and PM10 samples were collected simultaneously at a highly-trafficked
roadside station in Hong Kong every sixth day from October 2004 to September 2005. Mass
concentrations of PM2.5, PM10-2.5 (or PMcoarse, defined as PM10 — PM2.5), organic carbon (OC),
elemental carbon (EC), water-soluble ions, and up to 25 elements were determined. Investigation on
the chemical compositions and potential sources of aerosols shows distinct differences between PM2.5
and PM10-2.5. Annual average mass concentration was 55.4+25.5 pg m-3 and 25.9+15.5 ug m-3 for
PM2.5 and PM10-2.5, respectively. EC, OM (OM=0Cxl1.4), and ammonium sulfate (NH4)2SO4
comprised over ~82% of PM2.5, accounting for ~29%, ~27%, and ~25% of the PM2.5 mass,

respectively. Low OC/EC ratios (less than 1) in PM2.5 suggested influence from fresh diesel-engine



exhaust. Seven factors were resolved for PM2.5 data by Positive Matrix Factorization (PMF) Model,
including vehicle emissions (~29%), secondary aerosol (~27%), waste incinerator/biomass burning
(~23%), residual oil combustion (~10%), marine aerosol (~6%), industrial exhaust (~4%), and
resuspended road dust (~1%). PM10-2.5 showed significant difference in chemical composition as
compared to PM2.5, with geological material and trace elements being the most abundant components
(~28%), followed by unidentified material (~26%), OM(~12%), sea salt (~10%), and ammonium
nitrate (NH4NO3, ~10%). EC and (NH4)2S04, the major components (>54%) in PM2.5, each
accounted for only ~7% of PM10-2.5. Average OC/EC ratio in PM10-2.5 was 7.8%+14.2, suggesting
the impact from combustion sources other than vehicular exhaust. The sources for PM10-2.5
comprised of ~20% vehicle-related resuspended dust (e.g., tire dust/brake linear/petrol evaporation),
~17% local resuspension road dust, ~17% marine aerosol, ~12% secondary aerosol/field burning,

~11% vehicle emissions, and ~23% unidentified material.

Key word: PM2s, PMo-2 5, roadside monitoring
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1. Introduction

On-road vehicle mission is a major source of air pollution in mega-cities of the world (Mage et al.,
1996). With rising environmental and resultant health awareness in Hong Kong, there are increasing
concerns on particulate matter (PM) pollutions due to the continuously growing vehicle numbers and
kilometers driven. Emission inventories in Hong Kong show that PM emitted from vehicles accounts
for about 30% of total respirable suspended particulates in ambient atmosphere
(http://www.epd.gov.hk). Approximately ~30% of total vehicles in Hong Kong are diesel-fueled, thus
street-level human exposes and its potential effects on human health are of great concerns.

Emissions from on-road vehicles have a wide range of particle sizes (Thorpe and Harrison, 2008),
from ultrafine (particles with aerodynamic diameters less than 100 nm), fine (PM2.5, particles with
aerodynamic diameters less than 2.5 pm), to coarse particles (PM10-2.5, particles with aerodynamic
diameters between 10-2.5 pm). PM2.5 and PM10-2.5 particles differ in sources, chemical composition,
and removal processes. PM2.5 are mainly originated from combustion sources, like engine exhausts
(Toner et al., 2006), and biomass burning formed within the atmosphere by chemical processes, like
gas-to-particle conversion (Cheng et al., 2010b; Fraser et al., 1998). PM10-2.5 are mainly dominated
from resuspened road dust (Abu-Allaban et al., 2003; Kupiainen et al., 2005) and mechanical
processes, like tire ware emissions (Councell et al., 2004). Differences in chemical characteristics and
evidence from epidemiological studies of adverse health effects support the setting of separate
standard for coarse particles. Consideration and progress have been given in the Environmental
Protection Agency (EPA) to establishing PM10-2.5 national ambient air quality standard (NAAQS).
Roadside air quality studies related to real-world emissions are limited in China, although vehicle
engine missions have been attributed to elevated PM mass concentrations in many urban atmosphere,
such as Beijing (Ma et al., 2011), Xi’an (Cao et al., 2005), Shanghai (Waheed et al., 2010), Guangzhou
(Wang et al., 2006), and Hong Kong (Louie et al., 2005a; So et al., 2007; Yuan et al., 2006). In the
present study, 24-hr PM2.5 and PM10-2.5 are investigated to: 1) determine the chemical
characteristics at a roadside station; 2) evaluate the source attributions in a vehicle-dominant urban

environment in Hong Kong.

2. Methods

2.1. Sampling location



The climate in Hong Kong is sub-tropical, influenced by the Asian monsoons. The cooling of the
Asian land mass during winter and its heating during summer give rise to a large-scale monsoonal
winds, which results in prevailing winds from the north/northeast/east in cold season (September to
April) and from the southwest in warm season (May to August).

The Hong Kong Polytechnic University (PU) Roadside Station (22.30°N, 114.17E) is located on a
ground level within ~1 meter (m) away from Hong Chong Road, ~10 m from the eight-floor university
building, and ~400 m from the tunnel entrance. The Hong Chong Road, ~30 m in width with four
lanes for two-ways directions, is the main access to the highly-trafficked Cross Harbor Tunnel (CHT)
in Hong Kong. Vehicle classes and numbers were recorded at the toll gates. During the sampling
period, daily traffic flow remained at ~120,000 vehicles per day with frequent braking and congestion
near the station because of its close vicinity to the public bus stations (100 meters to the southwest),
toll gates (200 meters to southeast), and intersection (200 meters to the southwest).

Data from the toll gates provide vehicle counts of nine vehicle classes, including private car, motor
cycle, taxi, private/public light bus, private/public single deck bus, private/public double deck bus,
<5.5 ton goods vehicle, 5.5 - 24 ton goods vehicle, and >24 ton goods vehicle. The private cars and
motor cycles were fueled with gasoline; >99% taxis were fueled with liquid petroleum gasoline (LPG);
and buses and goods vehicles were mostly fueled with diesel. During the sampling period, Hong
Chong Road had an average traffic flow of 5,125 vehicles per hour (ranging from 1,030 to 6,876
vehicles per hour) with a mix of gasoline-fueled vehicles (ranging from 10.1 to 68.1% with an average
of 37.2%), diesel-fueled vehicles (ranging from 12.7 to 54.9% with an average of 31.8%), and

LPG-fueled taxis (ranging from 7.5 to 69.7% with an average of 30.7%).

2.2. Sample collection

The 24-hour PMg2s and PMig sampling was performed once every sixth day for one year from 8
October 2004 through 23 September 2005 and 40 valid sample sets were obtained. Approximately 5%
of field blanks were collected for blank subtraction of passive deposition and error propagation. One
URG-3000ABC sampler (URG corporation, Chapel Hill, USA), equipped with three inlets (PMyo,
PM2s, and PMyo cutpoint Cycles, Teflon® Coated Aluminum, URG corporation, Chapel Hill, USA),

was used. The sampling inlets were about 1.5 m above street level. PM2sand PM1o channels were used
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in this study to collect multi PM2sand PMjosamples simultaneously. The sampler was equipped with
two parallel channels containing 47-mm Teflon-membrane and quartz-fiber filters for both PM. s and
PMjo air stream. Each channel (four channels in total) operated at ~8.3 L/min. Both the
Teflon-membrane and quartz-fiber filters were weighed twice before and after sampling, respectively,
using a Sartorius Model MC5 Microbalance (Gottingen, Germany) with a sensitivity of £1 pg in the
0-250 mg range. Before weighing, filters were equilibrated for 24h in a desiccator at temperature of
20-30 T and relative humidity of 30-40%. Prior to sampling quartz-fiber filters were preheated in an
electric furnace at 900 <C for three hours to remove carbonaceous contaminants. Collected
quartz-fiber filter samples were stored in a refrigerator at about 4 <C to prevent the evaporation of

volatile components prior to chemical analyses.

2.3. Chemical analysis

The Teflon-membrane filters were analyzed for 51 elements (from Na to U) by X-ray fluorescence
(PAN Analytical, Netherlands), following the methodology described previously (Watson et al., 1999),
at the Environmental Analysis Facility of the Desert Research Institute (DRI, Reno, NV, USA). Half of
the quartz-fiber filters were extracted with distilled-deionized water and analyzed for chloride (CI),
nitrate (NOgz), sulfate (SOs7), water-soluble sodium (Na*), potassium (K*), calcium (Ca**), and
ammonium (NH4*) ions by ion chromatography (DIONEX 600, USA), following the standard
methodology (Chow and Watson, 1999), in the Air Laboratory of the Hong Kong Polytechnic
University. OC and EC were measured on a 0.5 cm? quartz-fiber filter punch from the remaining half
of the quartz-fiber filters using a DRI Model 2001 carbon analyzer (Atmoslytic Inc., Calabasas, CA)
with a thermal-optical reflectance (TOR) method following the Interagency Monitoring of Protected
Visual Environments (IMPROVE) protocol (Chow et al., 2004; Chow et al., 2001; Chow et al., 1993).
Major mass constituents, including OC, EC, SO4~, NOs", NH4*, and elements (e.g., Al, Si, Ca, Fe, and
Zn), were detected in almost every sample. Concentrations of only 25 elements for XRF analysis were
reported here because elements, such as Sc, Co, Ga, Se, Y, Nb, Mo, Pd, Ag, Cd, In, Sh, Cs, La, Ce, Sm,
Eu, Th, Hf, Ta, Wo, Ir, Au, Hg, T, and U, seldom showed concentrations higher than three times their
respective minimum detectable limits. Replicate chemical analyses were conducted on ~10% of the
samples as part of quality control and quality assurance. Liab standard speculating procedures were

followed to ensure the validity of each measurement.



3. Results and discussion

3.1. Particle mass concentrations and mass closure

For the integrated particulate sample collection with URG sampler, comparisons of PMs and PMg
mass concentrations from the Teflon and quartz fiber filter membranes were conducted at the first
place because particles were sampled on different substrates (i.e., Teflon membranes and quartz fiber
filters). Good agreements (slopes > 0.95; intercepts close to 1; n=40) and high correlations (R?> 0.95)
indicate consistent sampling and gravimetrical analysis resulting from the Teflon and quartz fiber filter
membranes in the present study, as shown in Fig. 1. A similar phenomenon was found from the
observations of Engelbrecht et al. (Engelbrecht et al., 2001) in US and of Louie et al. (Louie et al.,
2005a) in Hong Kong. Since quartz filters are known to have positive sampling artifacts by absorbing
gaseous organic compounds and water and tend to shred and loose part of material after heating, the
following discussion refers to Teflon membrane mass unless otherwise specified.

The annual average mass concentration was 55.4+25.5 pug m* for PMas and 25.9£15.5 pg m for
PMjio-25, at the PU roadside station (Table 1). On average, PM2s contributed ~70% to PMjo and
PM1o-25 only occupied nearly 30% of PM1o. At a sampling location (~10 m high and ~8 m away from
Hong Chong Road) near to the PU roadside station in this study, the 24h PM2s and PM10-2.5 mass
concentrations were 56.8416.0 and 19.3426.8 pg m=, respectively, from June 1998 to May 1999
(Chan and Kwok, 2001). The lower PM10-2.5 mass concentration in his study is due to enhanced
distance from the traffic. More than 70% of 24h PM_s concentrations were above 35 g m, the 24 h
National Ambient Air Quality Standards in US. The annual average of PM2s at PU Supersite was
similar with that measured during 2000/2001 at MK (a typical roadside in Hong Kong) (Louie et al.,
2005a), but much higher than the HT background site of Hong Kong (Louie et al., 2005a) by a factor
of 2.3 and higher than the US EPA’s annual PM25NAAQS of 15 ug m2by a factor of 3.7. Less than
five percent of the PMio exceed 180 ug m3, the short-term 24-hr Air Quality Standards in HK. The
annual average PMio at PU Supersite was 1.2 times the 2005 annual average value of 68.6 ug m= at
MK by HKEPD (Hong Kong Environmental Protection Department), which is reasonable because the
instruments used by HKEPD is TEOM 1400 (Tapered Element Oscillating Microbalance). TEOM

were supposed to underestimate the true values due to loss of semi-volatile compounds constitutes,
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like ammonium nitrate (Charron et al., 2004). All evidence showed that the PU roadside Supersite
represents pedestrian exposure in a source-dominated environment (i.e., on-road vehicle exhausts).
The chemical characterization and seasonal variation of PM; s at the PU Roadside Station was similar
with that in previous roadside studies in Hong Kong (Louie et al., 2005a; So et al., 2007). Overall, EC,
OM (OM=0C X 1.4), and (NH4).SO4 comprised the majority of PM2s accounting for ~29%, ~27%,
and ~25% of the total PM2s mass (Fig. 2.). The total amount of NH4NO3, sea-salts, geological material
and trace elements, and unidentified material only contributed about 19% to PM.s. PM10-2.5 showed
significant difference in chemical composition (Fig. 2.) with fine size fractions, with the geological
material and trace elements being the most abundant components (~28%) followed by unidentified
material (~26%). The third abundant component was OM, contributing ~12% of PMio.25 mass. The
percentage of sea salt (~10%) and NH4NO3 (~10%) in PM10-2.5 was much higher than that in PM_s.
EC and (NH4)2SO., the major components in fine particles, accounted for only ~7% of PM10-2.5 for
each. The annual average concentrations for the major chemical speciation in PM10-2.5 followed the
decreasing sequence of OC (2.1#1.8 g m?3), NOs (1.9#1.6 g m?), EC (1.742.7 g m3), SO+~
(1.44.5 pg m®), Si (1.34.0 pg m?), Fe (1.340.53 g m3), CI- (0.9640.64pg m3), Na* (1.010.75 g
m3), Al (0.6940.55 pg m™3), and Ca (0.7740.46 g m™3), as show in Table 1.

Several studies also observed the high unidentified material in coarse particles, ranging from 20% to
50% (Cheung et al., 2011; Hueglin et al., 2005; Yin et al., 2005). The possible explanation for
unidentified material included unmeasured water content, metal and oxides, hydrogen, and oxygen
that related to geological materials and organics. The unidentified material can be regressed upon each
individual chemical component to identify the related material (Harrison et al., 2003). The
relationships of mass decrement with SO, and NOs™ can be used as an indicator of bound water
content since approximately 80% of the bound water content has been found to associate with SO4~
and NOs™ and 20% with organic compounds (Speer et al., 2003). However, in this study, unidentified
material has poor relationships with SO, and NOs (R=0.38 and 0.27, respectively). The best
relationships were with crustal elements, like Al, Si, K, Ca, Ti, Mn, Fe, with the correlation
coefficients (R) of 0.84, 0.84, 0.81, 0.78, 0.78, 0.73, and 0.74, respectively. This suggested the mass
decrement was ascribed to the unmeasured materials caused by the metal and oxides, hydrogen, and
oxygen that related to geological materials, rather than bound water content.

The underestimation of OM probably is the secondary reason for the high unidentified material in



coarse particles. The study on coarse OM in Hong Kong is quite limited by far. Only the coarse
water-soluble organic carbon aerosols (WSOC) were examined (Yu et al., 2004b) and it was found that
coarse WSOC (> 2.1 pm) was largely made of the low molecular weight polar compound group,
which likely associates with sea-salts. Investigation of suburban samples at the same location of Yu et
al. (2004b) in Hong Kong, conducted by Chen and Yu (Yu and Chen, 2007) suggested a value of
2.140.3 for the OM-to-OC ratio. A study (Edgerton et al., 2009) conducted in the southeastern United
States, reported the upper limits for OM/OC in PMio.25 fraction are 2 for urban sites and 2.6-2.7 for
rural sites. Therefore, OM is possibly underestimated in this study because we used a low factor of 1.4
to correct the unmeasured materials in organics. Furthermore, negative relationship between OM and

the unidentified material occurred in this study, with the correlations coefficient being 0.69.

3.2. Characteristics of chemical species in PM2s and PMig-25

Through previous investigation it is found that substantial differences exist in chemical characteristics
between fine and coarse aerosols. In this section, the sources and formation of major chemical
constituents will be further identified for fine and coarse aerosols using Enrichment Factor (EF),
OC/EC ratio and linear regression method. Examining the contributions of individual speciation in
fine and coarse particles to PMyo showed that OC, EC, SO4=, NH4*, and K* were more abundant in the
fine fraction whereas CI-, Al, Si, Ca, Ti, and Fe were enriched in the coarse fraction (Table 1).

Based upon the assumption that all detected Al in fine and coarse particles originate from resuspended
soil material, the earth crust is considered the dominant source of the elements that show EF values
close to one using Al as a reference element (EFcrust = (X/ADai/ (X Al)crust). Elements with EFcryst
value larger than five are called enriched elements and have some sources other than crustal
weathering, which may be anthropogenic. Based on the results of EF analyses (Table 2), five elements
(Al Si, Ca, Ti, and Fe) at PU Supersite station closely resembled material from the earth crust (Taylor,
1995), regardless of size ranges. Coarse Na, Mg, K, and Mn were also related to crustal elements,
while the fine mode part possibly combined with those in origin of non-crustal sources, showing
slightly higher EF. Several trace elements in coarse particles, including Se, Sr, and Zr, were also
mainly from upper crust. For the remaining species, anthropogenic sources dominate their emissions.

The ratio of OC to EC concentrations has been used to study emission and transformation
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characteristics of carbonaceous aerosols. The underlying hypothesis is EC is from primary
anthropogenic sources and is not formed by reactions involving gaseous hydrocarbon precursors in the
atmosphere, while OC may be emitted directly from sources as primary particles, but secondary
organic aerosols can also be formed in the atmosphere from the low vapor pressure products by
atmospheric chemical reactions. At a source-dominated site, like roadside, the OC/EC ratios should
reflect the properties of primary source. Numerous studies on vehicle emissions (Gillies et al., 2001;
Laschober et al., 2004; Norbeck, 1998) indicated low primary OC/EC ratios of around or less than 1.
In this study, the average OC/EC ratios at PU Supersite were less than 1 for PM_5 (0.740.3), showing
the characteristics of local primary vehicle emissions. Moreover, the time series of OC and EC in fine
particles follow each other through years (Fig. 3.), indicating OC and EC have the same origin.
However the average OC/EC ratio for PM10-2.5 (7.8414.2) was much higher than that for fine
particles and the trends of coarse OC and EC were different, as shown in Fig. 3. These indicate that
OC and EC have different sources. Coarse organic aerosols are perhaps secondary or formed from
other sources. Since the concentrations of coarse OC aerosols are stable through years, the biologic
aerosols and tire dust are expected to be potential sources. Coarse EC showed similar trend to fine EC
in summer, suggesting soot macro-aggregates from ships are main sources.

Fine sulfate and nitrate were mainly associated with ammonium in this study, which is supported by
the similar temporal variations and high inter-species correlation coefficients, as shown in Fig. 4. and
Table 3, respectively. Ammonium sulfate (or ammonium bisulfate) and ammonium nitrate are formed
from conversion of gases to particles. Significant increase was found in concentrations of ammonium,
sulfate and nitrate when air mass was from Mainland China in this study, indicating they are mainly
regional inputs. Based on previous studies, sulfate is a representative species for regional inputs in
Hong Kong, and ~40% of fine mode sulfate has been found to arise from the Mainland China (Pathak
et al., 2003). Coarse sulfate and nitrate had better relationship with Na, rather than ammonium, as
shown in Fig. 4. and Table 4. Since the coarse sulfate and nitrate did not accurately follow the
fluctuations of fine sulfate and nitrate (R=0.39), it is concluded that regional inputs have less
contributions to coarse sulfate and nitrate. However, it is clear that coarse sulfate and nitrate were
influenced by seasonal variation because the concentrations were higher in cold seasons than in warm
season. The underlying reasons for the sources of coarse sulfate and nitrate may need further study.

Inter-species correlations in PM.s also give information on elements (Table 3). Both K* (K) and Pb



also had good relationships with Br and Rb, which is supported by a previous study by Louie et al.
(2005a). Both K* and Pb associate with material burning, like field burning (biomass burning) and
lead fueled burning, suggesting these four elements were from material burning process. In addition,
good relationships were found between As and Au, as well as Cr and Ni, which is most likely to be
related to some emissions that transported from upwind region since there is no industries in Hong
Kong territory. The crustal-elements correlated moderately (R>0.70) for each other, e.g., Al, Si, Ca, Ti,
and Fe.

As can be seen from Table 4, the typical crustal elements, such as Mg, Al, Si, K Ca, Ti, Fe, and Mn,
showed good correlations to each other. These elements were most likely to have originated from the
resuspended road dust. Previous studies have reported a strong contribution of resuspended road dust
to the coarse particles (Lin et al., 2005; Manoli et al., 2002). Elements K and Rb were probably also
from burning process, the same as fine particles. Coarse Cl and Na correlated moderately to each other,
which is consistent with the expectation since both elements in coarse fraction are reprehensive for
marine aerosols (Fitzgerald, 1991).

Correlations among different size fractions were conducted and the results were shown in Table 5.
Nearly half of the species showed good correlations between PM2s and PM3o, while these species had

poor relationships with PMzo.25. In addition, PM2 s indicates totally different properties with PM1o.25.

3.3. Source apportionments for PM.s and PMso.2 5 with Positive Matrix Factorization (PMF) Model
The PMF was applied to apportion source contributions to PMzs and PMio-25 measured at PU
Supersite, separately. For input data for the PMF, two files are needed, one file with the concentrations
and one with the uncertainties associated with those concentrations. In this study, the measured
concentration values were used directly, and the uncertainty took account of both sampling and
chemical analytical errors. The PMF model results were selected from the runs with Q (true) is less
than 1.5 times Q (robust).

Seven factors were resolved for PM2s data, including vehicle emissions, secondary aerosol, waste
incinerator/biomass burning, residual oil combustion, marine aerosol, industrial exhaust, and
resuspended road dust (Fig. 5.). Among the seven source categories for PMys, vehicle is the most
important contributor to fine particles, occupying ~29% of total PM2s mass, as shown in Fig. 6. . The

profile of diesel-fueled vehicle by PMF is characterized with high proportion of EC, followed by OC,
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and trace elements (e. g. Ba, Zr, Na, Sb, Cu, Fe, S, Sn, Ni, Ca, P, Mg, etc.), as shown in Fig. 5. The
properties of these profiles are identical with the Hong Kong tunnel study (Cheng et al., 2010a) and
previous studies on vehicle emissions (Gertler, 2002; Norbeck, 1998). The second important source,
amounting for ~27% of PM_s, was distinguished by large contributions of sulfate, ammonium, nitrate,
soluble sodium and phosphorus, suggesting its association with secondary aerosols. It has been shown
through previous analyses in previous studies (Cheng et al., 2006; Louie et al., 2005b; Pathak et al.,
2003) that long-range transported secondary aerosols impact the air quality at the sampling site when
the air mass traveled over China before reaching Hong Kong. The third source, waste incinerator/field
burning, was ~23% of total PM.s mass, characterized by multi-elements such as K+, As, Rb, and Pb
(Louie et al., 2005b). The waste incinerator/field burning are mainly generated from Guang Dong
province that is located at the north of Hong Kong territory. The fourth source identified by PMF is
residual oil combustion (~10% of PMs), distinguished by Ni and V, which are good indicator for
residual oil combustion used for ships or utility at container terminal (Yu et al., 2004a; Yuan et al.,
2006). The spatial variations of Ni and V in Hong Kong have been found to have linkage with the
location of container ports (Yu et al., 2004a). The resuspended road dust profile is represented by Mg,
Al, Si, Ca, and Ti in this study, which is similar with the chemical profiles obtained by a previous
study (Ho et al., 2003). Marine aerosol and industrial exhaust contribute ~6% and ~4% of total PM_
mass. The paved soil dust contributes ~7% of total PM.s mass and caused by vehicle- and
wind-generated turbulence. The last identified source is suspended road dust, characterized by Mg, Al,
Si, Ca, Ti.

Five factors were resolved for PM1o-25 data and they are vehicle emissions, resuspended road dust,
marine aerosols, secondary aerosol and field burning, and other vehicle-relate dust such as tire dust,
break linear, and petrol evaporation. The profile of each source is shown in Fig. 5. and the annual mass
concentrations and percentages of each factor to the measured total PM1o.2.5 mass can be found in Fig.
6. . Four out of the five sources for PMip.25 data are common with those for PM.s data, such as
resuspended road dust, marine aerosol, vehicle emissions, and secondary aerosol/field burning. The
corresponding profiles for four sources have similar indicators, but the contribution of each source to
PM mass are different; they are ~17% for resuspended road dust, ~17% for marine aerosol, ~11% for
vehicle emissions, and ~12% for secondary aerosol/field burning in PMio25. An extra source is

vehicle-relate dust (tire dust, break linear, and petrol evaporation), occupying ~20% of total PM1g-25
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mass. Finally, ~23% of PM1o.25 was not identified materials, which is similar with the mass closure

results.

4, Conclusions

The annual average mass concentration was 55.4+25.5 pg m™ for PM2s and 25.9+15.5 pug m= for
PMjio-25, at the PU roadside station. On average, PM2 5 contributed ~70% to PMigand PMg-25 only
occupied nearly 30% of PMyo. The three most abundant species for PMa s in descending rank are EC,
sulfate, and OC. Low OC/EC ratios (less than 1) in PM.s were found at PU Supersite, indicating that
fresh vehicle exhaust is the main source. On the other hand, PMzig.25 comprise of multi-components,
with several abundant species of OC, nitrate, sulfate, Si, Fe, Cl, ammonium, and Na. The OC/EC
ratios in PMzs and PMzo.25 were 0.730.3 and 7.8414.2, suggesting that carbonaceous aerosols have
different sources in fine and coarse particles. Five elements (Al, Si, Ca, Ti, and Fe) at PU Supersite
station closely resembled material from the earth crust, regardless of size ranges. Coarse Cl and Na
correlated moderately to each other, representing marine aerosols.

The PMF was applied to apportion source contributions to PM2s and PMio-25 measured at PU
Supersite, separately. Seven factors were resolved for PM2s data, including vehicle emissions,
secondary aerosol, waste incinerator/biomass burning, residual oil combustion, marine aerosol,
industrial exhaust, and resuspended road dust. Five factors were resolved for PMso.25 data, including
vehicle related dust (tire dust/brake linear/petrol evaporation), resuspended road dust, marine aerosol,

secondary aerosol/field burning, vehicle emissions.
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Figure Captions

Fig. 1. Comparison of gravimetric mass concentrations from Teflon-membrane and quartz fiber filters.

Fig. 2. Average mass closures for PMzs and PM10-2.5.

Fig. 3. Time series of carbonaceous aerosol in fine and coarse particles.

Fig. 4. Time series of ions in fine and coarse particles.

Fig. 5. Factor loadings obtained from positive matrix factorization (PMF) analysis of chemical
constituents of PMzs (a) and PM10-2.5 (b).

Fig. 6. The average mass concentrations and percentages of identified sources for PM2s (a) and PM10-2.5 (b).

Table Captions

Table 1 Annual average concentrations of PM2s, PM10-2.5, and chemical species.
Table 2 Enrichments factors for elements in PM2s and PM10-2.5.

Table 3 Correlation coefficients of inter-species in PMzs.

Table 4 Correlation coefficients of inter-species in PM10-2.5.

Table 5 Correlations among different size factions.
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and PM1o-25 (b).

Table 1  Annual average concentrations of PM.s5, PM1o-2 5, and chemical species.

PM; 5 PMcvarse PM,o PM; 5/PM;y  PMopurse/PMyo
Average SD" Average SD" Average SD"
Mass (Teflon) 555 25.5 259 15.7 813 37.7 0.68 0.32
oC 111 58 21 138 132 64 0385 016
EC 173 54 1.7 27 189 12 091 0.09
Chloride (C1) 042 0.30 0.96 0.64 14 0.75 031 0.71
Nitrate (NO;) 26 21 1.9 16 45 3.0 0.59 0.43
Sulphate (S0,2) 12.7 76 1.4 15 14.1 83 0.90 0.10
Soluble Sodiom (N;f) 15 026 1.0 075 25 0.86 0.62 040
Ammonium (NH, ") 2.8 1.7 0.17 0.18 3.0 1.82 0.96 0.06
Soluble Potassium (K+) 059 0.69 0.09 017 0.68 0.80 0387 014
Sodium (Na) 0.72 0.29 0.75 045 1.5 0.62 0.50 0.52
Magnesium (Mg) 0.20 0.08 0.22 0.13 041 0.18 0.48 0.54
Aluminum (Al) 030 019 0.69 055 0.96 073 031 0.71
Silicon (Si) 0.54 0.39 1.3 10 18 14 0.30 0.72
Phosphorus (P) 0.20 0.12 0.017 0012 0.20 0.11 101 0.08
Sulphur (S) 419 29 039 027 5.2 28 094 0.07
Chlorine (C1) 031 0.32 1.1 0.75 13 0.92 024 0.82
Potassium (K) 0.71 0.69 0.27 0.20 0.97 0.87 0.73 0.28
Calcium (Ca) 022 0.12 0.77 0.46 0.97 0.58 023 0.79
Titanium (Ti) 0023 0015 0.053 0036 0.075 0.048 031 0.71
Vanadium (V) 0.018 0.018 0.0038 00025 0019 0.020 093 0.20
Manganese (Mn) 0031 0023 0.020 0013 0.050 0.030 063 040
Iron (Fe) 057 026 13 053 1.8 078 032 0.70
Nickel (Ni) 00058 00046 00022 00012 0.0066 0.0052 0.88 0.34
Copper (Cu) 0024 0010 0.034 0017 0.057 0.025 042 0.60
Zinc (Zn) 030 025 0.060 0052 0.35 027 0386 017
Arsenic (As) 0016 0012 0.0077 00070 0016 0.015 098 0.48
Bromine (Br) 0014 0013 00065 00043 0019 0.015 074 034
Rubidium (Rb) 00052 00042 00047 00048 0.007 0.007 0.79 0.71
Strontium (Sr) 00048 00030 00071 00051 0.010 0.006 0.49 0.72
Zerconium (Z1) 00077 00043 00081 00043 0012 0.0054 0.62 0.65
Tin (Sn) 0.029 0019 0.013 0011 0.034 0.025 0385 038
Antimony (Sb) 0041 0011 0.012 0010 0.050 0.010 0381 023
Barium (Ba) 0.048 0016 0.058 0.035 0.090 0.043 0.54 0.65
Lead (Pb) 0.061 0.059 0.016 0017 0.069 0.067 088 023

* standard deviation; * total number of samples are equal to 40.



Table 2 Enrichments factors for elements in PM2.s and PM1o-25.

Enrichment Factors PM; s EF  PM g EF

Sodium (Na) 6.8 31
Magnesium (Mg) 40 20
Aluminum (Al) 1.0 1.0
Silicon (Si) 0.5 0.5
Phosphorus (P) 786 2.8
Sulphur (S) Na' NA
Chlorine (C) NA NA
Potassium (K) 6.9 11
Calcium (Ca) 2.0 3.0
Titanium (Ti) 21 21
Vanadium (V) 817 74
Manganese (Mn) 143 39
Iron (Fe) 44 42
Nickel (Ni) 79.1 129
Copper (Cu) 2602 159.1
Zine (Zn) 1168.6 98.6
Arsenic (As) 28175 5984
Bromine (Br) NA NA
Rubidium (Rb) 127 49
Strontium (S1) 3.7 24
Zerconium (Zr) 111 50
Tin (Sn) 14508 2758
Antimony (Sb) 556396 67915
Barium (Ba) 240 124
Lead (Pb) 8324 949
* Not Applicable.
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Table 3 Correlation coefficients of inter-species in PM2s.

PM,5 Mass

Mass 1.00
oc 0.81
EC 0.45
cr 0.18
NOs  0.63
so,”  0.86
Na' 0.21
NH," 089
K" 0.82
Na 0.46
Mg 051
Al 0.80
si 0.77
P 0.83
s 0.85
cl 0.12
K 0.83
Ca 073
Ti 071
\% 051
cr 0.61
Mn 0.56
Fe 0.63
Ni 0.53
Cu 0.77
Zn 0.66
Ga 041
As 0.66
Br 0.61
Rb 0.67
sr 0.05
Y 0.64
zr 0.29
Sn 0.42
sb 0.22
Au -0.13
Pb 0.84

oc

1.00
041
033
072
054
012
060
091
025
030
067
0.66
042
047
021
088
067
063
046
055
049
061
050
0.89
064
031
081
0.80
0.70
011
040
027
038
027
0.34
0.87

EC

1.00
-0.25
0.01
0.18
-0.21
0.20
0.19
-0.16
-0.14
021
0.16
0.24
0.20
-0.12
0.19
0.23
0.30
0.49
0.00
0.11
0.39
0.38
0.51
0.29
0.10
013
0.07
0.17
-0.25
0.45
0.15
0.05
022
-0.10
0.18

cr

1.00
0.58
0.10
0.34
0.13
0.32
0.24
0.11
0.14
0.13
-0.07
-0.01
0.87
0.27
0.06
0.11
0.01
0.11
0.24
0.10
0.03
0.14
0.23
0.00
0.24
0.50
0.15
0.02
0.02
0.16
0.16
0.17
-0.11
0.23

1.00
0.48
0.29
0.61
0.64
0.30
0.33
0.49
0.49
0.34
0.40
0.52
0.58
0.35
0.38
0.54
0.48
0.28
0.22
0.57
0.53
0.37
0.26
0.69
0.81
0.37
0.08
0.12
0.17
0.42
0.10
-0.10
0.57

1.00
0.27
0.96
0.65
0.49
0.55
0.70
0.65
0.96
0.97
0.05
0.68
0.60
0.55
0.28
0.58
0.50
0.47
0.31
0.56
0.51
0.38
0.35
0.34
0.58
0.16
0.67
0.27
0.38
0.14
-0.45
0.71

1.00
0.22
0.15
031
0.12
0.09
0.14
0.17
0.21
0.08
0.12
-0.01
0.12
0.09
0.09
0.12
-0.01
0.09
-0.02
0.20
0.25
0.09
0.22
0.08
-0.19
-0.41
-0.05
0.13
0.09
0.17
0.18

1.00
0.66
0.48
0.57
0.72
0.67
0.93
0.95
0.14
0.67
0.59
0.57
0.40
0.60
0.46
0.46
0.43
0.62
0.50
0.40
0.47
0.45
0.52
0.17
0.65
0.22
0.42
0.12
-0.56
0.72

1.00
035
0.40
072
0.70
053
059
015
098
073
061
022
062
056
059
030
0.80
0.61
0.24
0.86
074
0.87
015
031
033
053
0.23

0.4
095

1.00
0.67
0.57
0.61
0.51
0.55
0.06
0.40
0.54
0.57
0.17
0.50
0.62
0.50
0.25
0.35
0.59
0.21
0.05
0.46
0.32
0.10
0.31
0.14
0.18
0.13
0.10
0.43

Mg

1.00
071
0.75
0.55
0.60
0.03
0.50
0.72
0.66
0.10
0.69
0.54
0.49
0.17
0.38
0.34
0.28
0.25
0.40
0.18
0.50
0.09
0.17
0.30
0.22
0.02
0.50

Al

1.00
0.97
0.65
0.70
0.06
0.78
0.93
0.92
0.39
0.73
0.71
0.78
0.41
073
0.71
0.37
0.50
0.61
0.49
0.25
0.17
0.22
0.36
0.40
-0.04
0.80

Si

1.00
0.62
0.67
0.01
0.78
0.94
0.90
033
0.75
0.77
0.81
0.35
0.71
0.72
031
053
0.64
0.48
0.28
0.00
0.18
0.38
0.40
-0.03
0.80

1.00
0.99
0.1
058
059
054
029
054
044
046
031
051
0.46
035
021
024
051
0.15
063
025
0.29
0.08
0.67
061

1.00

-0.06

0.64
0.63
0.58
0.29
0.59
0.49
0.49
0.32
0.53
0.49
0.36
0.27
0.31
0.53
0.17
0.61
0.23
0.34
0.11

-0.61

0.66

Cl

1.00
0.10
-0.05
-0.01
0.11
-0.02
0.12
-0.05
0.11
0.05
0.15
-0.02
0.11
0.39
-0.09
-0.10
0.27
0.19
0.01
-0.13
0.00
0.11

1.00
082
068
020
0.66
065
067
027
0.79
064
0.16
082
072
085
023
022
030
0.44
027

-0.40
0.96

Ca

1.00
0.89
0.23
0.75
0.73
0.84
0.26
0.76
0.67
0.26
0.51
0.58
0.58
0.27
0.12
0.23
0.37
0.39
0.09
0.80

Ti

1.00
049
072
069
0.85
047
0.76
077
037
030
058
044
013
030
027
0.25
0.46
0.16
0.70

1.00
0.26
0.07
0.22
0.95
0.49
0.39
0.43
0.17
0.48
0.05

-0.18

0.46
0.21
0.12
0.25
0.11
0.24

Cr

1.00
0.55
0.57
0.30
0.61
0.51
0.26
0.43
0.51
0.56
0.29
0.48
0.30
0.49
0.20
0.34
0.73

Mn

1.00
084
0.09
055
083
0.02
017
043
036
0.09
047
015
033
034

0.23
0.65

Fe

1.00
0.20
0.76
0.82
0.20
0.25
0.45
0.41
0.15
0.27
0.14
0.22
0.45
-0.13
0.66

Ni

1.00
0.51
0.38
0.55
0.30
0.50
0.12
-0.09
0.49
0.23
0.20
0.21
0.73
0.31

Cu

1.00
0.70
0.33
0.56
0.67
0.63
0.13
0.64
0.33
0.31
0.31
-0.31
0.82

Zn

1.00
0.22
0.20
0.54
0.43
-0.05
0.63
0.21
0.24
0.27
-0.06
0.68

Ga

1.00
0.06
0.15
0.03
0.28
0.12
0.03
0.04
0.12
0.99
0.23

As

1.00
0.66
0.64
0.17
-0.69
0.26
0.48
0.10
1.00
0.77

Br

1.00
0.54
0.03
-0.15
0.24
0.30
0.23
-0.18
0.70

Rb

1.00
0.04
0.37
0.42
0.16
0.01
-1.00
0.83

Sr

1.00

-0.26
-0.10

-0.28 .

0.04
0.11

0.15

1.00
0.39
0.31
-0.03

0.42

zr

1.00
-0.12
0.04
0.13
0.33

Sn

1.00
0.28
-0.29
0.42

Sh

1.00
-0.61
0.23

Au

1.00
-0.42

Pb

1.00




Table 4 Correlation coefficients of inter-species in PMyg.-25.

PM.
Mass
oc
EC
cr
NO;”

Mass
1.00
0.20

-0.14
-0.14
0.50
0.55
0.23
0.30
0.49
0.22
0.75
0.84
0.84
-0.07
0.23
-0.08
0.81
0.78
0.78
0.29
0.25
0.73
0.74
0.25
0.55
0.67
0.56
0.04
0.55
0.35
0.63
0.22
0.14
0.31
0.00
0.55

oc

1.00
0.33
-0.28
-0.11
-0.03
-0.22
0.15
0.18
-0.04
0.19
0.24
0.25
-0.14
0.07
-0.22
0.25
0.25
0.28
0.08
0.35
0.17
0.40
-0.10
0.35
0.39
0.07
0.37
0.07
0.38
0.14
0.22
0.10
0.39
0.03
0.40

EC

1.00
-0.19
-0.34
-0.22
-0.32

0.11
-0.02
-0.38
-0.15

0.05

0.05

0.08
-0.04
-0.30

0.07

0.07

0.08

0.02

0.00

0.12

0.22
-0.14

0.17

0.00

0.05

0.02
-0.35

0.04
-0.10

0.02
-0.20

0.11

0.31

0.11

cr

1.00
0.27
0.25
0.66
-0.20
-0.08
0.70
0.08
-0.40
-0.43
0.30
-0.07
0.88
-0.35
-0.42
-0.43
-0.14
-0.54
-0.46
-0.55
-0.15
-0.38
-0.46
-0.16
-0.37
0.00
-0.37
0.03
0.03
0.00
-0.22
-0.32
-0.32

1.00
0.70
0.73
-0.06
0.23
0.47
0.41
0.25
0.26
-0.17
0.01
0.39
0.23
0.21
0.20
-0.18
-0.31
0.17
0.06
0.21
0.13
0.24
0.52
0.00
0.70
-0.27
0.38
0.26
0.14
0.22
0.02
0.27

1.00
0.63
0.31
0.35
0.35
0.52
0.40
0.40
0.17
-0.12
0.29
0.34
0.36
0.32
-0.10
-0.20
0.37
0.24
0.25
0.35
0.14
0.41
-0.09
0.47
-0.28
0.45
0.61
0.06
0.16
0.03
0.20

1.00
0.00
0.08
0.58
0.36
-0.04
-0.05
0.15
-0.14
0.65
-0.02
-0.09
-0.06
0.08
-0.34
-0.15
-0.21
0.00
0.03
-0.08
0.04
-0.34
0.38
-0.40
031
0.20
0.04
-0.10
-0.19
-0.07

1.00
0.41
-0.03
0.34
0.40
0.39
0.17
0.21
-0.17
0.43
0.37
0.42
0.19
0.09
0.43
0.42
0.24
0.20
0.16
0.17
-0.20
0.05
0.38
0.39
0.42
-0.12
0.16
-0.03
0.08

1.00
0.12
0.39
0.59
0.55
-0.02
0.29
0.13
0.73
0.63
0.59
0.37
0.05
0.57
0.48
0.61
0.35
0.37
0.36
0.02
0.34
0.87
0.78
-0.11
-0.33
0.21
0.08
0.27

1.00
0.39
-0.12
-0.13
0.36
0.20
0.78
-0.02
-0.13
-0.10
-0.18
-0.34
-0.19
-0.28
-0.12
-0.15
-0.09
0.05
-0.35
0.27
-0.10
0.12
-0.02
0.19
0.09
-0.34
0.12

Mg

1.00
0.63
0.64
0.23
0.21
0.09
0.61
0.55
0.66
0.15
0.28
0.48
0.57
0.17
0.37
0.35
0.31
-0.20
0.33
0.10
0.44
0.51
0.30
0.01
-0.23
0.30

Al

1.00
0.99
-0.09
0.14
-0.35
0.94
0.96
0.94
0.37
0.43
0.90
0.91
0.47
0.60
0.65
0.36
0.19
0.41
0.62
0.64
0.12
-0.04
0.27
0.03
0.40

Si

1.00
-0.10
0.15
-0.38
0.93
0.96
0.94
0.34
0.42
0.88
0.92
0.42
0.61
0.67
0.38
0.19
0.40
0.57
0.60
0.18
0.03
0.29
0.05
0.42

1.00
0.32
0.24
-0.01
-0.10
-0.12
-0.03
-0.20
-0.08
-0.02
0.03
0.00
0.07
-0.38
-0.83
0.07
-0.14
-0.15
-0.39
0.03
0.70
0.19
0.19

1.00
0.06
0.32
0.09
0.30
0.13
0.00
0.15
0.15
0.10
-0.05
0.56
-0.32
0.35
0.35
0.55
0.10
0.10
0.02
0.52
0.30
0.41

cl

1.00
-0.24
-0.36
-0.36
-0.18
-0.60
-0.45
-0.53
-0.07
-0.37
-0.43
-0.06
-0.33

0.20
-0.20

0.10

0.09

0.09
-0.22
-0.33
-0.24

Ca

1.00

0.90 1.00
091 091
0.43 0.32
0.35 0.0
0.86 0.88
0.84 0.90
0.46 051
0.53 0.62
0.69 0.62
034  0.24
0.09 015
0.45 033
0.73  0.69
0.67 0.66
0.05 0.07
-0.07 -0.03
0.40 023
0.07 0.08
0.53 037

1.00
0.35
0.49
0.83
0.92
0.50
0.59
0.68
0.21
0.23
0.35
0.63
0.62
0.06
0.06
0.29
0.06
0.45

1.00
0.40
0.40
0.36
0.33
0.46
0.43
0.10
0.12
0.04
0.68
0.55
0.15
-0.48
-0.09
0.02
0.15

1.00
0.37
0.57
0.19
0.32
0.38
-0.20
0.38
-0.05
0.29
0.10
0.04
0.04
-0.05
-0.05
0.07

1.00
0.84
0.53
0.53
0.66
0.46
0.26
0.35
0.72
0.59
0.18
-0.16
0.34
0.13
0.45

1.00
043
0.67
0.68
0.19
0.27
0.23
0.63
050
0.14
0.06
0.23
0.13
0.44

1.00
0.35
0.21
-0.16
-0.14
0.38
0.64
0.54
-0.18
-0.07
0.11
0.42
0.15

1.00
0.60
0.07
0.04
0.22
0.24
0.38
0.10
-0.10
0.16
0.37
0.32

1.00
0.29
0.53
0.49
0.71
0.42
0.04
-0.08
0.68
031
0.73

1.00
0.26
0.01
0.33
0.28
0.80
-0.48
0.28
-0.07
0.38

1.00
0.14
0.16
-0.15
-0.03
-0.10
0.33
-0.09
0.04

1.00
0.04
0.33
-0.16
0.09
0.56
0.29
0.46

1.00
0.71
-0.89
-0.38
0.22
0.05
0.37

1.00
-0.02
-0.22

0.05
-0.01

0.27

1.00
0.42
-0.50
-0.11
-0.20

1.00
-0.20
-0.31

0.14

Sn

1.00
0.42
0.79

Sb

1.00
0.35

Pb

1.00
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Table 5 Correlations among different size factions.

R PM;&PM,, PM . 6PM,y PM; &PM,,

Mass 095 0.86 0.67
ocC 0.9 0.51 025
EC 095 0.76 051
cr 051 092 0.14
NOo, 084 0.74 026
SO 099 0.54 039
Na© 0.49 0.96 023
NH," 099 0.51 0.42
K" 098 0.69 055
Na 0.71 0.86 030
Mg 0.71 09 034
Al 092 0.99 0385
Si 091 0.99 034
P 098 012 026
S 099 0.01 -0.11
cl 059 0.95 026
K 099 092 038
Ca 0.90 0.99 086
Sc 0.03 0.85 023
Ti 085 098 072
\' 099 0.59 047
Cr 0.62 0.84 0.09
Mn 0.90 0.71 033
Fe (1 ¥:7] 0.97 0.69
Ni -0.13 1.00 0.08
Cu 09 039 056
Zn 079 0.94 038
Ga 097 0.58 025
As 075 0.75 024
Br 095 0.61 033
Rb 079 0.90 061
St 026 0.88 -0.19
Sn 082 0.65 0.15
Sb 0.15 0.57 -0.64

Pb 0.97 042 0.18
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CaC0s+50,+0,+H,—CaS0, » 2H0+C0,
i, CaCOs+H:50,—CaS0; » 2H,0+C0s

BRSO EAS Gy W A T a5 IR T b, J8 S RT DU DA — 2 AR (1) 2R € S B R 5 78 IR SR I Y
RS ROITECRITE I G, XL RO TG R B WA E, S FRUE SR 2 A AU SO, B Tl
PRI o BhAh —EALTRAE R B 203, ekl SRS E () AR (2 A0k, SRR AN A
SRS BRI R AR R, B P =R R SR B 4T R
Il S LIRS AR U . AT AU, AR AR B T EIME R, B e, A EAE
FIRTHEN 37 4 %, 3 e ET RN, B S0.40, WS S SCWIIBR AR AR . K S B
Fe”, MBPIMEIRIRSMAE S G4 BAn FeS.

Fe”'+ H.S—FeS+2H

WMEAZRE B ETE, S BSOS ( Ph0) FEAEETE ( Pbo) |, AEKEM PbS™ . K

LB G R
2PbC0; * Pb (OH) »+3H,S—3PbS+3H,0+2C0,
CuC0s * Cu (OH) »+H,S—CuS+H,0+C0s

WAL SR S 2 e R R B E AR, I, SRR, WY A 4R 3
IR o BRAGAR AR B SO AR R I AR SO s R R R . RIRfG . Rl 72 45 L)
HAEERR . B8R B8R S 1IN 2 TR AR5 A 4E X A M B B, RS A R R 1 A I
THURBREE . AR T AURAAERIR KA, FEAUTEINE . SmERICREER . M. B pR
MR, 5T ZE&EETEN, AR T /KR BRAYIITE.

HAT, JREEBCSCY TSRS B R AR RN, WX YN =R Y
TEAECC A S A 7T B, AT P TR IR B = AN SRFE £ S0, — /NI PHIRFEE(E AN 0. 15mg/ '
PR TSI W) — Rbs i Al, R — P HE(ER 25% ~30% ity, TIXid e T e )T U b5
R PR IEN S I RS, CAH BRI T 18N Rk ™
2.2 BEMND

B E B A B RHRBR AN TV A . o SR S A R AR (N0 . —FUALE (NO)
SPNE ARG RIE M. JgURmiAs . KR, B RRAOZAL, 4UF SO s — R A1 I
K5, N0 AR AR . AT B H AR, BT SREALYE,  REAE AR I AT Y BN S A
il SRS, AT SEIRTER ™, 78 0. 17 mg/ m’ NO. SR I GuR], ECHRIEAIE T, Ykl &l i, NO.
SRR R FE AN S IR AR L2 G 6, I8 53 BURH L B R MR R 25 DI OE,  BERRZT
Y EAERE_E X RGeS R B SRR, F R NOM e SR e 8RB — NI B NH 3£
ST/ T G R AR (R 1 o SR P88 rh A R R B IS ML 2T 4 X (R K A T, (T 4 3
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FRF e BRANE RS SCYIR Y BB R SR AE — e FRFE T DLORY 55 4 38 4k SRRk JR ik, (H 24 SCHI R ol
TERU) HOL IR BB R — e fRE 5, WRERES R, FREMERLRBRY, 5T RTEH
K. AR, KA. B R R

2Cu (OH) » » CuC0s+2HC1— CuCl, * 3Cu (OH) ,+CO,+H,0

FRTEFYEF O LA T AR S R AR 4 R KRR b, I L . R
(2 S &R SO fa F iR, ot LSRR T BE 5k SUAENNT 4 S ST I JE L
SRR AIE AL, A2 TE 4@ R B LB FEUR T A 1 i v, R o LA 256 SOt AT
JEE s ST FLRRRE TR R B EEAR 1SRN N ERIIK . AR CO. R E RN, H 4
PR R R . RN, BRI, L. RISHLER IR
1) Cu+Cl™ = CuCl+e
2) CuCl+H,0 —Bu0+HC1
3) Cu0+CO +H,040, €@ (0H) .00y
4) Cu0+0+0, +C1 € (0H) ,C1

BRI HCL 3t —2B 7748, ik CuCl F1 CuO (iR, [RIRFPAT R & CuCl 198k XAR(E Cu &
A AL AR R CuCL, RS RIIEFAE FH AW I S SR i S50 5 . R b Bl 2 R85 44 &R o
(1) C1 B 12 B IG5 A d b IR ) LT
F 14 TR ARG Gy AR IR B BRAE

1 PR AT A R S A i

Table 1 Museum collections storage Ambient Air Quality Standard

159 H P59 FERRME (mg/m?®)
AR 0.05
“HEMA 0.08
— AR 4.00
BLAR 0.12(1 /NI~ 533K FE R AH)

QLLYN kY] 0.12
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G H : 1Y (R AL i1 TR 1 [F F 5 ) e 2001

24FHALEY

Y E NG, BR TR B MR AN A — L T N B TS GE R . AR
K, BEE R SO ORIERIANKEET, ETE S A — S R RS IR AR B, (HIX [R5 R
TR . BT RN IS . SO AR & SR ATRL AR IR R M T
SEWENGREY SR TEZ R XM ORAEAE W SH A N 75 GRS e, it
TRAEFEVEE A, 5 GeWIR FE AR 2 1B A R R 2 DA M A A R BT 4 % o ) — b = 2295 e,
AP EMRTIRG, XXX AR RN EH. RIEREEA AT pERE (CB / T188 3 —
2002) , ZERHEEIRERAKT 0. 10mg/cem’s T4 T I BUCHI RAZ IR BEAE AR AE U SZAICF 0. 05mg/cm’s
177 R S e B TR R SO B KD P s« R ESUE B FE SCE AR . B RS BRAIEIT .
SCYRERE A B A T L ) IR S, WSS ORI T2 8. B R ARL S WA A e
RAGHNFEN L P s B0 e # R IR MBI W% I R ThRE . MR A AR S A T 15 PR S, HHR
CPREERNETS Je SR R TR MR I R A= AN E S . HAS MBI e &5 R
LW . VOC S5 e SRS i, Horh BRI R T 0. 2mg/cm’ (BEG RSN © . AL
T TR SO R SRR FE 0. 05mg/em’ IR, AT 7345 S 5 UM IR B A8 B R AG AR K K 22 8
Schieweck &5 N0 5o AR MM v BRI TH HOBIE FE 3 B N 2 U R 240 VOCs . FRBENIE LR TEA)
A S A AT SR 5%, &5 TR RAF YR ™ 5%, il Al A A 52
ZRAH B A E M (terpenes) FHHARIE RYEGHUL GYIRIRIR . FEXT AR PRI T
By, TS, (lead, arsenic and chlorine), FH T F-LEBGEHIFIMEH S SEHEBYHER, Wk
FHT-04 K B @ M- AT 1,4 - —&2E (lindane and 1, 4-dichlorobenzene) ™. ItAhsk %
PEARM T HI b & H OISR, CRRAIVEET, 23 51 REAN ] i B ; Tk B 2R S L0 2k} (PVC) Al
—BOPEIRGRE . A B P R S A AT U S A AR, X A SO A T o T R R AR
RGN AR, BIGEE NN E, NRIE N RS MR AR, R R TRCE T
PRI B AL R B H B S5 ek B . BE AR, BB E B — E M ROA B IR IO, ot
AL WA PR T R, B RIFMEMER . DU R, (B2 =
PERBHE QAR IEEL . BN IXAE RS TS 3, N R I B BRI SRR B T E AL, X3z
MEL BEAERIEARIBEAT R, AT B o5 s K s/ b s B R R RL . 3R 2, SO TR
SCY T AR IS A F @ ST RL I 4 i) BARTS G th 1 i B2 BRABEAT X S 3 R IR FE K

%2 TR AR IR B UM RN Gk FE IR AR

Tab. 2 Museum collections storage pollutant concentration limits for the Building Materials

159 i VPR FERRE. (mg/m®)
FH i <0.08
ES <0.09
) <0.2
& <200 BQ/m?
MIERMEAEIUEEY) <0.5
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CERIIAR A, SHERR R P A R R B SR, R B A E B R AR B, e e R A
FEFIREIFREE & AE R, MRS BRSSO 2 RIS, A SRR . R 3 AT %
KA S MRERRAE, PR ARSI S .

%3 BERFEMF YN BRI

Tab.3 Standards of temperature and humidity for the storage of different artifacts

MR F R A BE (C)  HMRE %)
HWA . A, SME. £REm 20 0-40
Ko Bids. 25 0-40
BSREEE e 20 40-50
Vaa. B, =R, BRbE. AL 20 40-50
fiEfR 2k s 20 40-50
b gk 20 0-40
AR, . OHE. AW, E{EG. Bm. S8, ¥4 20 40-50
HA TR BN A 20 40-50
Fzle 8. BEH 20 40-50
L5k, k. &, Bk, EE. B A i 20 50-60
BRI R, IR, BB BER. 20 50-60
IR ST NINS NS NI N S N N N AT 20 50-60
R B ARIE TSkl 20 50-60
B BB 5 50-60
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SRR A . Wb A 20 50-60

BB R 15 40-50
HoAth

B s A 0 40-50
HiE FIRIEARSHE B H I SHEAE KT 5%;: HEEE HREARAEEHT 2-5C

GIEH R (R AP BT A B 58 X 7 2001
TP I i B AR 2 X SO AR A T RS FRERIR B e SO o R o O TR A A
T, FRECCHRENA TN, ATIE T SC i FREGREGEAC (B AR LT XS
IR PGS TR IR, (2 SCIR A REEER, FIRERR T 3C™ o I BN SO i 6 B R BLLE
ANTFT s R R R B B P A (R 4 S R el T IR AR A 5 R A R B 1R AR A T S
Y7 S R TR E o ELRERRIR LR RIAEA R B B A S0, BT AR [R1 B Ik 74 4
RECF BRI A S ARG 2R ) 22 7, SO TR R . G IR R AR iR 22 AR o JE I = A=
(I B G  AIEREIRAE F E B R BILAE th IR 10 AR Ak 3T X ST AR 1) HL A R 25 128
o i AR S AR TR AL, AR T X RAE ;iR 5] S MR AR, AR
B¢ e il (Arrhenius) 2 AI, 7RI VG I NIRRT S 1096, R Ns A HE £ R R i) 2~

AE R A TR T R B R B TR AT O B

x4 FEAPRIMEME R R (X107/C)
Tab.4 Linear thermal expansion coefficient of some materials

Ly LMERIEIK R
i 0.45
K GELYEDTHD 0.49~5.4
K CAFYEWrIR 7 7)) 3.4~5.4
I 0.5~1.0
WA 0.7~1.2
FRA 0.9
KEEA 1.2
M N 67

G T/l P Tl DRI 2B A5 Hi ik #1,2005.

TRFEA MR FEXHREE 2 4, X BT MR R R AR, RoR NS 4R E S5

[FiI 5 R AN A 6 R P PR LU AR, R P (R AR T AR A o ST R 22 B S o ARGV A T
TR AR HOR AR, S B R 2 MR R e AR, B s K
PR, g REKfEE . RERINE G WS BUK O A HU R, 22 B8 A RS B
(i B R IR B Wi, = AR R 2 R ECC ISR LB R iR B R R S G LA
MRS RBIK AR AR T EITCSCYINAE FEM AR ER; S8 i K v 2 A U R
D3 o SO R, K AT WL R R A T BT B (A Bl B B A R 1
K, ERENRSCYNE R NG SE, W0 R« F BRI S5 08 I S g0t LA R 40 51 58%. 78%+ 95%
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TEALAHT (CuCl) 3 RIZ 24, 4. 2 /NI S 8028 BB AL 4R [CuCl « 3Cu (OH) 2] ™o b4k 3 N R
WL REF M F A% Bhds B DAL KBS ORAE 0 F TR 55 55 38 a6 X H 2 s S AR 50
ol L AR R B B 9, RIAEAN[FERE T, 24k 400 K5 B FEAEIR AN 60 % B s A
KAl TR RE s 1B 18 % IR AL IR IE, U S AERAR, EARIET 07 &
Z, MTEESC S, RIEFEER. MRS R AT KIARAZ AL, Bk n] b EE Ak 4 e
AH SRR SC B i 2, DRI Db Szt R R VR P A ) R AR 1Y .
5 BYIVE & BRI 1) 8

FEBEE R R, IS B ERAE & s BRI P se A o, X BRZE A TR 1) K
Jgar ok TS WA R T HkER . SR K 2 T s R R, AR ELE . AR, R D gk
R S5 SR AT B EAE G . SRR BRI E S N ER N ME LK, Ul—RR SR EN
W, TR NINESCYIBI R BiRACEE, ORYSCVINAZ bt 2SR ) [R] it 20 5 A8 3 6 () R}
SRR AT R BRI AR R A SR RS RPN, R SRR ST
FEUETTA PR E o R SCWE A BIAL, SEBRIE Bk 5 A A TE N B2 B RR, HEE 8 X.
A S I A T RN T N 5 1 T R R A LT MR D s A Y, B (R R &
W, TR E ORI . 2002 4EE 2005 4FEFK SO RZEFE D E ST R T ASUT R T 4 E
OCYIR AR A, 2 KARAMG TR HEE 1R, 2EILE 50. 66%HIEBOCYIAAEA [FFE
FER s, Hoh B UL EE eSO b 16. 5%, AT R I SCYE A A NI bR S i T S
VI R % 1) 1 B PR o 6 T AR el = %A i AL S PR D I AT, R AT ST B R
HER, WK MBSO LB T ARG, SO R R AT

R, A BE PR SR IR PR HERLRE R TS, EE R AIAEL NN S5 R R IR
Wi o 43 [E A L) TR AE A R Le R iy, BORME AT IR IT . AR LA T e i (1) S A AL B
fied, DAAORON S 2R AN G AR s IR 2R, 1A TR i R e S S e, [ A AR
B 6 MHEH K, Figiih, Bas. ARZIX LT Egs iR aE 4 N H LR RN K, FHif
PR WA A T R AT K o SRR SR R P I AR SR AR A SO, U E R A AR AR
WS E IE IR E, A2 AU BRAE T W SC 3R AL mKP IR 3
6 45k

iUl b, TEECCIR AR E, JFARE—RIER T, A R, AT R DL A
LR EER T S BN . XL 2R 2 (B HAHBR R M AEH SR N 7 aAFE R, &3 17 FER .
AR, TR R B L AT T —E B, wdlik S gt . DiE AR T &JE s
VIR S eh I S5, ARRIEBOC MRS L, HAFCRAEHMSR SR s ) = N 2SR &
BRAE, SLHX SO & — MEKINES ISR ELFRERY TAEF, R, SAFEZK
RV HEAT G E R 5 X, R ER R R . VR B S R SR A B SO T — AN X
VR B XA R LR O R PR H DA ORI R Tt AN 7 3%

HHIA. By WS &EME W, HHEARAFRENAZIEHITE 20°C A A, IR %]
7E 0-40%. FEATE AR, ARAERRIE SR RAEE PR A SOV A
Ve ds. Fafi. %L, EARE ), HEARCRARRERAZIEHIE 20°C A ty, AHXHR AR HILE 40-50%,
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WL SO0 P A R 1) il 0 P SR A v, LA AR R PR B (R e AR A, A L Y R A F
% Fo (A BT BRI AR I S0, SR lA KT S, MR, #E . HS SRR AHR
A ST ( Ph0) FEEHTE ( PbO) R, AR PbS, BUBSCYIRMMER . I ST R
FEIS AT AR SRR N

JBEAS R HEHI . MEIRE Y, KA CRAARE ROZIEHIAE 20°C AT, AHRHE BEHE I E
50-60%, HEATE PAIRY

4) YUK, LB, AR GRAARE ROZEGITE 20°C A, AHXHEEEHI7E 50-60%,
BEAT B ARY o RS 5% S0, NOo SRR SR FI R S AR . S0, 2R S i 7
SRPE . DU HREE N0, STV BURHR 0, A B W S YRR AT, FBEACHLIRERE
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2 VIHE TR, F5, 21000

B OB AL 33 NI 1960 % 2010 AEMLIFEARL, vl ok X 58 i 4540 A . S f
FRAE, FRVIDIRT S R AR, SRR, TLHAWNEGEMEX: HALMRMN . RiE—,
JEHAZ 1990 AR VLIMPE R X, JCH R R YLIRZ 82% Ik 58 H A G i, mMulsE R
WK oRIRIE, K RECH 4. 185, Ji KARM S K REECR, 7 58 R R AU,
BRI TE R AREK . TSR ER A, 7. 8. 9 =A% KED, FEZKREMRM,
11 HEIWRSE L HE R Z, 6 HAI10 H, SERISEHIN, FEZEY TR,
REEW: VLIF, W, ke
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WCAER P ESE GG Ha ™, 2013 4EH), HERER X L2 O™ B 55 5 R e AT
W IEATRARRAME, XA SRR A B R, ISR A — RO Bk FE R,
bedborib g, 58 I G| SR T BUR I & B AR A 2 & T O

RIE CRARHARSL) HIARRE, 488 IR AE R R ERUNAYKL . JRREATIRRL ) S 544, 41
FCSE ORE RN, ANREPIIR 73 3o LB o0 58 RS V2 BEARAA T 1995-1999 4F[A]EAT ¥ INDOEX M
MR, 0 58 AL RS ARBFEREAT TRTT, [ P2 ot 58 BRI SR AIRERIE ™,
e B R SRV L R AR AT T R
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Table 1 The 33 observation stations in Jiangsu Province

Xuis i ZREC)  HAREEC) Xy 4 &EC)  4EC)
58035 Wi 118.35  34.3333 58339 i 118.9  31.3333
58027 BN 117.15  34.2833 58340 ¥ 119.0333  31.65
58036 ¥ 118.7333  34.5167 58238 Bt 118.9  31.9333
58047 W 1192333 34.3 58250  ZEHE  120.15  32.5167
58044 XMW 119.1667  34.5833 58249  ZENM 120 32. 1667
58038 RBH 118.75 34.1 58246  ZEM 119.9  32.5167
58132 WUBH  118.7167  33.7 58259 i 120.9833 32.0833
58131 il 118.2667  33.9833 58264 WA 121.1833 32.3333
58139 W 118.8833  33.3 58341  FFPH 119.5833 31.9833
58141 Wz 119.0167  33.6333 58252  4HVL  119.4667 32.1833
58138 fFis 118.5167  32.9833 58343 M 119.9833 31.8833
58049 IR 119.8167  34.0333 58354 ¥ 120.35  31.6167
58251 KE  120.2833  32.85 58346 % 119.8167 31.3333
58154 i 120.2  33.4333 58358 A1 120.4333 31.0667
58148 EAVA 119.3  33.2333 58356 Bl 121 31. 4
58241 = 119. 45 32.8 58349  FRM 120.6333 31.2667
58245 N 119.4167  32.4167

REMLEEC10. 0 km, HEERFFEAK. PRF. #00. FAE. M. RE. FRERTARERVIE
BEfi, FIXHREE/NT80 %, FIUUATE; FMIXHEEES0~95 %6, 2 M Hh UL o M & i ffiid s K<
o FEAREE— 2D FIR . IR Ml AR S bl I BRAE T CR2) , wIAE IR EE K 225 W
AR PP AR5 R R ELR P DU 523 e s, =5 H 4> (R3S ) I e st e WL R 2 H B — 1K (B
—XULE) tid A5 H

w2 MK TERR

Table 2 Atmospheric composition index of haze

Ei=t D (] FRAE AL
/NTF 2.5 um PRI PMs. 5 75 ug/m’
NF 1 um BRI B PM; 65 ug/m
ARV B R S .
K+ K. 480 Mm
3. &R 54

1 A5 33 MWLM, 1960-2010 (8] FLAE-T- 258 R A&, eI T &0, VLIRSS G
FEEHX . (1)
o, AR NANMX, BHSIARIEITESE, JUHGZ 1990 £ 20T, HE AR P iR, IR i

SRAEHI, ARML LR R, AR KA, A TR G R A IR
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Figure. 1 Haze distribution map of every five years in  Jiangsu Province during 1960-2010
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Figure .2 The trend of haze in Jiangsu
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Characteristics of atmospheric visibility and its affecting factors in five

typical cities across the Taiwan Strait

(Junjun Deng (Y52 1£%), Ke Du (£ 7]))
Institute of Urban Environment, Chinese Academy of Sciences, Xiamen 361021, China

(7 BRI T S i 70 o, SR T, 361021)

Abstract: The rapid industrial development and urbanization has lead to increasing particulate matter (PM)
pollution over the region across the Taiwan Strait, which has significant impacts on atmospheric visibility
degradation. Long-term visibility trends in five typical cities over the cross-strait region (i.e., Xiamen and
Fuzhou in the Western Taiwan Strait (WTS) region and Taipei, Taichung and Tainan in Taiwan) and its
correlation with air quality and meteorological conditions were investigated by using visibility and
meteorological data during 1973-2011 and critical air pollutant data during 2009-2011. Average visibilities
in the WTS region were better than those in Taiwan for the period 1973-2011, with an average of 16.8, 16.6,
8.5, 10.3 and 9.0 km in Fuzhou, Xiamen, Taipei, Taichung and Tainan, respectively. Decline trends with
decreasing rates of —0.5-—0.1 km/yr existed in all cities except Taipei, which had an improvement in
visibility after 1992. All seasons had decreasing trends during the 39-year period except in Taipei. The
WTS region had the worse change trend comparing with Taiwan. No statistically significant weekend effect
in visibility is found over the region. Visibilities were better in summer and autumn, while worse in winter
and spring. Correlation analysis revealed the significant negative correlations existed between visibility and
NO. and airborne PM; PM:s played an important role in visibility degradation. High temperature and low
pressure is beneficial for better visibility. Principal component analysis further confirmed the impacts of
high concentrations of air pollutants, stable synoptic systems and humid air with high relative humidity on
visibility impairment. In addition, case studies highlighted characteristics and potential causes of typical

regional low visibility episodes over the region.

Keywords: Atmospheric visibility, Air pollutant, Meteorological parameter, Principal component analysis,

Taiwan Strait
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(1. F1EH TR G MHAAFTFE RIS )5 ) 510080, 2. 12T R . )4 M2k 515000)
B OB A SCR B E AR M IX — 0™ K 58 R AT PRI, I S s A I T o 2 %R MR
Lb, 2 42 S5 FE A IR VA G R BB 2 i A B . S5 SR B, A I FEAE 1. 5km BA R
RARFE RSN, BEIAFE 1kn, AL 1. 5km, KAEERKE RSN, 5#ERA 500m. %
I T 't B v P S AT AR TR A R AR R, A 1490m, K5 IR 2 AR HOE IR, Frim 789. bm.
NI 6 R EUFR A A A T DUR i 1 S 8320 R S5 R (i8R o I TRV O B BE ik B 2 Tt B A
KA. A EGRw EA BR ) H A2, BORRIR R EE EERA s, 7 J IS . G Rk = A
SRR LN T 0.2, @miBMmIKT 0.3, AMSEREL A AEEETFEN S elterman BE
REgE: WOLTEIL, AWRMECRE, KE, B

The vertical distribution of aerosol optical properties in a serious haze

process.

DENG Tao®*,WU Dui',DENG Xue-jiao*, TAN Hao-bo?,LI Fei' ,CHEN Huanhuan'?
(1.Institute of Tropical and Marine Meteorology, Guangzhou, China Meteorological Administration,
Guangzhou 510080,China2. Shantou Meteorological Bureau, Shantou 515000, China)
Abstract: In this paper, lidar was used to detect a serious haze process in the Guangzhou area. The aerosol
extinction coefficient and depolarization ratio were inversed, to analyze the impact of the boundary layer
structure evolution to the distribution of aerosol extinction coefficient profile. The results showed that
aerosol gathered below 1.5km. In haze day, the haze layer up to 1km, and 1.5km in the afternoon, but only
500m in the severe haze day. The aerosol extinction coefficient decreased linearly with height distribution,
and 1490m of the elevation in the cleaning process ,but exponentially decreasing and 789.5m of the
elevation in the haze process. The evolution of boundary layer could be well inversed from the change of
aerosol extinction coefficient profile. There was a maximum value of aerosol extinction coefficient at the
top of the residual layer. The aerosol depolarization ratio had obvious diurnal variation, and higher value in
daytime than in night ,and peak value in the afternoon. In this process, the depolarization ratio of water
cloud and aerosol was less than 0.2, the depolarization ratio of high cloud was greater than 0.3. The local
aerosol profile was close to the elterman profile only in the cleaning process.

Key words: lidar; aerosol extinction coefficient;haze; depolarization ratio
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Fig.1 proximal fill correction (a. actual received signal and theoretical signal; b. the correction factor)
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Fig.2 The profile of aerosol extinction coefficient during 21-30 November 2009
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JUHHIX PM SRR MR RN RE L RE ) B R A

WFHFE"°, KikE"" FH#' TFR° RAd', wEL’, Fads’, wEwE %)
1 FETRJG) B EEE TR T, ) 510080;
2 P K FATRIFESR, ) 510275;
3 BRI, B

OB RIARCIE. BERAE SO T 5 R WL RE SN BORE, A3 ATT) M X R SR IR 1 L IR
FERK BRI ARACRFAE, I B FTA T N H X (Y BRI B S H T SR R EOC R JELE T 4F (2005—
2012) WM GEREE THR I MIHBIX ) PMy A O FE 7 OR300 99. 8%, T M 3 X /i LB Ak,
F B PMAEIEHT S . AT A BLAE WL 5 PM7E 70%<<RH<80%[X [ AH S f s JEH LN RH A
60~70%, PMiZ) 50 mg/m’, AEWJEFENTIMCA 10km; 24 RH N 80%, PMAX A 20ug/ m’, AEMLJEEIT]
iK% 10km; 24 RH>90%, PMANCA 3 ug/m’, REMLEEHATRES 10km, i BH 9 e P 1 KX A LS4k
(s B S o ) N R XU B R0 45 B ) A B TR 1 K R 5 A R B 2 TR R 2R RO

f(RH)=02651-RH /100) ***+08 ¢ (RY) 55 IMPROVE [#J55 F 1K il 25 AR XGHE E A 50-80%.2 ] L A5 Ay

POtk BEMLEEAXARAE R BE ILEE TS 5t N AEAE il 1 B IS B AE, AESEPRR A, andt e DL OO0
M= TR A E A RREA R R S 5 EM R ESHU TR, K] R R E RS MR
M i AHLBR R AL RO R, TN X R R W T R E N

B, =2.04([(NH,),S0,]+[NH ,NO,]+[NH ,HSO, ) x f (RH)+1.82[SOC x1.8+ POC x1.4] | H: & B M: 45 4533k — b 1A o
+8.28EC +[s0il]+0.6[CM ] +10

REEF: PM, RL73lk, RN, BEWEE, M

M20tH L TOEARES, [ A AMREE AR T AT 7O IR AL 22 R0y« BRI AR . ek R 2%
SRR RS L EE A ERAL 201 (Appel, et al, 1985 F-RU%, 25, 2002, KA AL ILE R B
SIS YRR BRI A ARRAE, (EMBR A, KSR E MR RIRE 2, FEA:
KA SIBBRL T BRI RS A, SIBIRI LSy, 2550 T80T, TS et R, Brblk
S Ee LR (SRR T T LA b & TR 2 454 35, - Hodkinson F-7E 19664F ¥ %o 3 17 15 YL S ARNOL X g I B
DESUAEATIR AT IR 2% 3% (Chan, et al, 1999) " XH 3 i B8 WL FEAR 0] BRU3EAT T R S (AR 55
5% B T 1988 4F JF 4 g 37 LA S I W 4y H A5 ¥ IMPROVE g WL B2 5 I ) ( IMPROVE: Interagency
Monitoring of Protected Visual Environment, 1988-1997) (Malm, et al, 1994 :Sisler, et
al, 1994 Charity, et al, 2007, 3 H A2 7 35 [ X A8 UL EEACF RIS I BORIL, 52 BN g
DLRE R NSRBI By« HETBOIE S A AR AL 3 2003 —20044F 3 [E IMPROVE R L i
I X TG 3L 2 S0 AT At A0 R W I R AE R P (Nicole, et al, 2008, 43, [Hpr A 68 WE
FROBIE 0 35 4 I O WL At _E 3207 AR S B AR T 72, 2% RE RO UL B B AR AR T 4%, fiiRalph™
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F-20064F 7745 20 2 FE A HLBR I A — U HLBROGE B L RS20 1) A8 Rok jin"*'F-20064F % &4
APV RS IR TS G (0B B ik xd fe ILRE I semm,  FLYE B8 L BE (147 ] SR At 7 77 T 5 N Sy S
FEEAR [FI 2 535 SRR 43 A % i LSS OB BTk (Xu, 20065 Yuan, 2006,

HOAT, Bk=F 068 WM A HZER RIS, | ARE[RRBAE EBRHREH 2004 4 LLRIE
HIERR = M L RE LB MR, 52 58 (2006) A3 T RELIE K A ka3 s SR (2008) BESE
T Bk AR DR AR T ARE, T TR . R A IR e TR Liu(2002)
Cheung (2005) "'\ Peter (2005) " K5, 2 4t Ko R U FR 3 X5 Ge it 55 B WL 1) 5 00 5 T 34 AT T
Fis BRIV RE 1 Bk = A 3T A X 805 <05 4 1)@ 1) PRIDE-PRD2004/2006 1%l (Program of
Regional Integrated Experiments of Air Quality over Pearl River Delta, Zhang, 2008) ol
KR T A RIS PR A LR ML %2 (Cheng, 2006 ; Garland, 2008™'); XIJ#7 52 (2006
BRI T TN BE L M A T LR BRI ER = A A RS LRI AT CONRIE IR Sk
TSR T YEP I E . T R RIS R 7 S 4%, e LR IR I 25 Y AR AR A AN H 5 )
A RFARREY], 660 ISR AR TSR v Rk 5SS IR IR . H AT,
A RGN AR5 Yo AT« a1l 6 DL AR ) S e 0 B T 25K 7 T PRI AT AR Bk =
X BB U B8 L ) SR A R R R B

A SR A E A GRS B KA st BRE GZab AT M 7 7 B DX R R i LT,
R 141m, JE46 23° 00.236°N, R4 113° 21.292°E) 434 NHLX PM ARG 18R 08 S5fE 0L
FERI BRI R . RIRIBORL T3 B GRIMM180 Uk M S AE 2R &, SR 31 ASKiAR B < i
BOREEFN PMion PMase PMyHIREIREE . e L HI5EE Belfort Model6000 8 ULAEAAR MM, 458N
JE<15km B, RS B8 L ACHUE B BT ARER M, DRI AR R LS /N T 15km (958 RE, &R
BEORAAEIMIEATEE 6 R—IRIVRIBECRFE, KR SAE T R SRS REERET (Jb4 23°
07.851’N, ZR% 113° 17.846°F, PHEHLTETZ) 90m), MRS FEA R I KL 2 8 KA
TEIRRES, ARRE S S0 S i3 B SE IR I R SRR B S5 it . 2007 4F 8 H & 2008 4 7 H
AR 7 58 A, DIEISA PMos, FREE S5 MT HAFHE R K22 58 i, AR A 2% sy 43 A 32 24t
SEAKEPER Y (BREREL . AHERZL. #edh. b5 SR (0C/EC), HE T ity e K is
B4y, I —GIESE (T0T) 43#7 0C. EC (Birch and Cary, 1996™). ASCHFIF FikZkL4047
MBI PM, SIS S R RN s RSB IR BLr iS TkE 456 A ILJE BORMRTS 70 BT AN A B 215 5 R
WL RER R

1 ZR=A R RIBREORL T RHE

B 1N IR B RS il IR OB T 0 A (a: 2005. 11~2007. 12, b: 2008. 01~2010. 12, c:
2011. 01~2012. 12). AW, SIERORF i FRAR RS Bk B VG IR 5, RIS K B ROK
2, 0.25<D< lumy 1D < 2. 5umy D> 2. Sum R 7 HPI R {EEZ 702979 0. 3um. 1. 5pm. 4. Sum,
FLFHEOREERS 4 MR, 0. 25<D<lpm R0 TFEEFEEORE N EAEL (4 /cn’, 1<D<2. 5pm.
D>2. 5um FREFEERAEANMIE (A /emdD; DSlpm HERFEIIL I 5 CP88 99.8%), T3l

119



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

W15 PM/ (PMs10) « PMy/ (PMi2.s) « (PMi-zs) / (PM 5-10) ZE 1000-6000. 300—800. 3—8 i 2 [A]484k,
Al L, AR B CAELAR D<1pm FORLF S 4 AR 3, I A IR EOR S FE T AL, R

SYIVERSE

LTI IR T ) B AR AL

Num =" D > 0.25m ki 7% Numl=>" 0.25< D <1.0pmkL 44

(e
Num2=>" 1.0 <D < 2.5umFhiF#; Num3=>" 2.5< D <10umFhiF%
Numl+ Num2 + Num3 = Num
0.25< D< 1<D<
‘ 2.5< D <10um
It (7] lum 2.5um Ao Num1/Num | Num2/Num | Num3/Num
~/cm
¢ /emh) ¢ A/em)
2005.11~
572.49 1.10 0.19 99.79 0.18 0.03
2007.12
2008.01~
595.80 1.05 0.18 99.79 0.18 0.03
2010.12
2011.01~
599.15 1.13 0.28 99.76 0.19 0.05
2012.12
10000
S
= Jan ——Feb =—Mar
1000 Apr =—May = Jun
2 eooee .: — Aug Sep
g 100 - : Nov Dec
K] .
< 10 .
é\o 1 74. ............. E ........................... : ...............................
S = .
D 01 . :
3 . :
0.01 - . :
\4 v N
O. 001 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T =T T T T T \\ 7'-ﬂ_1_'7
S O O O O O O O O O O O ©O O oo o o oo o o o oo o oo o o o <o <o
REEEESEREESEEEEEEEEEEEEEREEEEE
Diameter (nm)




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

d¥/d(logd) (4/en3)

dV/d(log)) (AMen'3)

Particle Density (/M/cm'3)

10000
E— ) — Jap — Foh e Mar Apr
1000 \ (b
: N — gy — g — ] —Aug
100 *‘.....:".... — Sep = (Qct Nov Dec
n
n .
10 [ ] .
.
u .
n .
<« a ORI
1 . :
.
n .
[} .
- .
0.1 n :
n .
n .
.
0. 01 + » .
n .
v A
0. 001 T T T T T T T T T T T T T T T T T T T T T T T T T T T
= =3 = = = = = =1 =1 = = = = = = = = = = = = = = =3 =3 =3 =3 = =
L ==} =1 [Y=1 =] ["=] = [==] Lo (=1 =3 = =3 = = = = = = = = = = =—3 = =3 = = =
NN R T T e e w0 g R e ES S B EeE S B8
— — — — o~ (5] o
Diameter (nm)
10000
(C) — Jan — Feb — Mar
1000 -+ — —
Apr May Jun
‘.......:.-...-. — Tyl = Aug = Sep
.
.
.
.
.
.
.
.
.
.
0. 001 — T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T — T
= R R =R
Lo =) =3 Lo =1 L [=—1 co L [(—] = =3 = (=1 = = (== = = = = [=—1 = =1 = (== = = =
N N o o -+ - e [¥+) =) o— [==) =1 o oo = =3 L =1 =1 Lo Le e = Le =3 L = =3 =
— — — o o o - Y] =) — oo = 3 Lo - = Lo =
— 4 o [ ] [ ] o
Diameter (nm)D

10000

1000

100

10

.01

B 1 TRl SRR 7 43 A ( RH<40% )

(a: 2005.11~2007. 12, b: 2008.01~2010. 12, c:

2011.01~2012. 12)

il )< 1 ptm_2005-2007 —@u— | <D<2. 5Hm_2005-2007
= [3= D<1pm_2008-2010 = O= 1<D<2.5Hm_2008-2010 -
O  D<1pm_2011-2012 O 1<D<2. 5Mm_2011-2012

gl 2 5<D<10Hm_2005-2007

L=
A

2. 5<D<10Hm_2008-2010
2. 5<D<10Hm_2011-2012

e
— &~

]

———

Month

B2 TR sl S PR 715 H AT (RH<40%)

121

10 11 12




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

2 NABEZMET PML 58 LERXR

B ER MR L, TR My A BRI B (SR 99. 8%, S EAR IR B IR
FHE PMyo BEARORBERI 53 8 AN X B, 43 J3l6 KAURE I FE 5 A REAR 1) SO R S EAT S8 1 43 #T
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R 525nm ¥ B KM R AL BERFREEUEDY 1. 40 IR0k, A £ (RH) S R% KA 525nm, 4
H AR BRI BRI K R F SR E Z MK R A: £ (RH) = 0.265(L— RH /100) ¢ +0.8 o

AL, JTHHLIX ) £ (RH) 55 IMPROVE (#3338 il R 70 AH X A 50-80% . Al B AT vl Lk, 1Y
RH>80%HT, | JHHL[X ¥ £ (RH) Lt IMPROVE [ 36K, AR, HA A Rl —PiEst,

0 S
e I fRH) =0.265%(1—RH/100)**(—1.458)+0.8 -.'-;_.:: -
8F R®=0.6955 oy -
7} N=3620 '
6F 1
= Ll ;
3t ]
ot 1
1 - e -
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Relative humidity (%)
5 T UL R P K £
K2 TR FARXHEEE T (RED A
RH (%) F (RH) RH (%) F (RH) RH (%) F (RH)
1-30 1 52 1.5727 74 2.6889
31 1.2552 53 1.5968 75 2.8001
32 1.265 54 1.6221 76 2.9227
33 1.2751 55 1.6489 7 3.0586
34 1.2857 56 1.6772 78 3.2099
35 1.2966 57 1.7071 79 3.379
36 1.308 58 1.7387 80 3.5691
37 1.3198 59 1.7723 81 3.7842
38 1.332 60 1.808 82 4.0289
39 1.3448 61 1.8459 83 4.3095
40 1.3581 62 1.8862 84 4.6339

41 1.3719 63 1.9293 85 5.0122
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42 1.3864 64 1.9753 86 5.4579
43 1.4014 65 2.0246 87 5.9894
44 1.4171 66 2.0775 88 6.6318
45 1.4336 67 2.1343 89 7.4206
46 1.4508 68 2.1955 90 8.4076
47 1.4687 69 2.2616 91 9.6707
48 1.4876 70 2.3332 92 11.3327
49 1.5073 71 2.4109 93 13.5966
50 1.528 72 2.4955 94 16.8214
51 1.5498 73 2.5878 95 21.7001

4 X EERETHEHKISEWLARWE
T BB X 36 e T D05 AR P 3 Rk 11 32 A 2 DL wom [ RSSOk T3, H{EE AR 0. 3um 5
AN, IR JE TR S SR RS AR, e I RO R S R IE R I R A VR, ST
IMPROVE 000 9 T MR 5, SR ] EPA 220 R 20 B % e L RS Y Y /E AR B W R A K
(Rokjin, et al, 2006™"):

B.. =3([(NH,),50,]+ NH,NO, 1) x f (RH )+ 4[OMC]+10[EC]+[s0il]+ 0.6[CM ] +10

(1)
JiRE (D ESKBRRIT, Hoh S5 nBm sRR h UT 0 G R R 3, 4 1L
BRI BRI AL SRR 7ERH IMPROVE Wil 13 S B ST T, )
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B, = 2.04([(NH,),SO,]+[NH,NO,]+[NH,HSO, ) x f (RH)+1.82[SOC x1.8+ POC x1.4]

+8.28EC +[s0il]+0.6]CM ] +10
a)

B,, =1.54([(NH,),SO,]1+[NH ,NO,]+[NH ,HSO, ] x f (RH) +1.39[SOC x1.8+ POC x1.4]

+8.28EC +[50il]+0.6[CM ]+10
b)

Hrp (2a) NEROFEA (Vis<iSkm) HIGEIR, (2b) NEFARNIGER. 1, T
Belfort 6000 i WL FEAX 28 7E s 8 WLEE I 56 R (Vis>15km) A4 iy 766 L EE U B4l CRIMIRAY 196

125



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

FEO, B, RN SRS E A R AS S GTHRE, R AT R MRS iR .

BRER - ATHLBR A B L e R E

fil4fi Koschmieder 2430, HUxf HLEBI Y 0.05, WA WLEE Sy Vis =3000/ B, , Hrh S 9 M,

Vis 4 kme FILHHER (2a) AFGESEAEE ARt — PP

40
¢ Vis Improve
m Vis Revised—PRD (<15km#EB 4k A%)
35 A Vis Revised-PRD (4=F£A) .
A e
- s A
30 Lt
g . I .
: 25 A .o
= A .o ]
= A .7 A ]
2 aat .-
220 r * . " L.
> A . [ ] .-
k=] - l: A L. A" S
% A AL, . . < ¢ -
§15 I Iy A.’: 2"’0 _-'_’
g - ad . “? Q‘ ¢ * =T
.2 (A -
3 . “A " = W om R I s . 4
10 r ,"A » 2 -Q‘ * =" e -
PRGN ?l ~’_ - [ ]
WA B 2, *
% ngs T P . .
5 r A *‘“ *
o
RS et
0
0 10 20 30 40 50 60 70
Visibility sensor ( km )
R 7. > AR 2 25 y N
6 )M X R F R 1 EE A (1) B L FE 55 e AL FEE SOUI PR %S Bl
5 /N

(1 J7 MM DXH PV, A IO R 72801 99. 8%, [ MHE IX BE WAL - 22 ey PML A IR

li.

(2) M RBLEEILE S PMTE T0%<<RH<80%X [BIAH M fe i, BH BT RH N 60~70%, PMi 21K
50 ug/m’, B8 WJERIAI{KZ 10km; 24 RH v 80%, PMi N 20 1 g/m’, AEWLEE R AT ZE 10km; 24 RH>90%,
PMACA 3w g/m’, AEWEEMAIMKZE 10kn, THHEKTE RS, T BT8R0 B B Ko e LR Ak i) 5

Wi+ B A

(3) 7 DOULIN Bk 43 2 R BRI K R 5 5 AR X R 2 TR 2R 20

f(RH)=0.265(1—RH /100) ™" +0.8 ¢ (Ry) &5 [MPROVE {3025 184 i 28 70 K GHE B2 4y 50-80%. ] A 7

etk
(4) J7IHHBIX A RE WL 507 M1 E N



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

B, = 2.04([(NH,),SO,]+[NH,NO,]+[NH ;HSO, ) x f (RH) +1.82[SOC x1.8+ POC x1.4], HJ-f& I, BE A 24 1F =5 e I,
+8.28EC +[s0il]+0.6[CM]+10
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The “Dual-Spot” Aethalometer: real-time source apportionment of fossil

fuel vs. biomass combustion aerosol

(G. Mocnik 1, L. Drinovec 1, P. Zotter 2, A.S.H. Pré&& 2, C. Ruckstuhl 3, J. Sciare 4, J.-E. Petit 4, R. Sarda Esteve 4, A.D.A.

Hansen 1,5)

! Aerosol d.0.0., SI-1000 Ljubljana, Slovenia; ? Paul Scherrer Institut, CH-5232 Villigen, Switzerland
3 inNET Monitoring AG, CH- 6460 Altdorf, Switzerland
# LSCE CNRS-CEA-IPSL, F-91191 Gif-sur-Yvette, France
°> Magee Scientific Corp., Berkeley, CA 94704, USA

Abstract: Filter-based measurements of aerosol optical absorption are widely used to determine Black
Carbon (BC) concentrations in real time. Measurements at multiple wavelengths (Sandradewi 2008) can
identify the contributions from different combustion sources, separating ‘Black Carbon’ (BC) from ‘Brown
Carbon’ (BrC). These methods sometimes show non-linearity due to ‘loading effects’ of increasing aerosol
deposit on the filter (Gundel, 1984; Weingartner, 2003; Arnott, 2005; Virkkula, 2007). These effects are
highly variable and cannot be treated by static algorithms, either in post-processing of the data or fixed in
the instrument firmware. A dynamical and auto-adaptive approach is required, in order to capture the
details and variability of the aerosol optical properties and allow for accurate real-time source
apportionment.

We have developed a new Aethalometer®, Model AE33, in which two parallel sampling channels collect
the aerosol simultaneously at different loading rates. Combining the data from the two parallel analyses
eliminates the ‘loading effect’ and yields an accurate measurement of BC together with a dynamical value
of the non-linearity parameter which is indicative of aerosol properties. These analyses are performed for
multiple optical wavelengths spanning the range from 370 nm to 950 nm and with a time resolution as
rapid as 1 second. The results show greatly improved analytical performance for measurement of BC. The
instrument is network-ready and is designed for both research and routine monitoring operations.

We present results from the use of this new instrument in urban and rural measurement campaigns in
Switzerland, France, Austria, and Slovenia. The data show high sensitivity and time resolution, with a
complete absence of loading artifacts. We have developed a real-time application based on a published
method (Sandradewi, 2008) for source apportionment to separate contributions of biomass and fossil fuel
combustion to ambient aerosols.

The diurnal concentrations of black carbon in Klagenfurt, Austria, show a two peak diurnal pattern: a
morning peak associated with traffic and an evening peak which starts as traffic dominated, but then
emissions from wood combustion start to dominate (Figure 1). The concentrations of all aerosolized
carbonaceous matter (CM) apportioned to fossil fuel combustion (CMy) inside the city show a distinct
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enhancement when compared to the background station in the same basin. Wood-smoke, that is the
carbonaceous matter apportioned to wood burning (CMws) shows much smaller variation over the course of
the day.
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Figure 1. Diurnal variation of BC (top) and the fraction apportioned to wood combustion (bottom).
Keywords:  black carbon; source apportionment; optical properties; aerosol absorption.
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RegE: NOES), BREOREE, PMas

The analysis of human activities impact on indoor air quality

Abstract: To investigate air quality deterioration in the indoor environment which human activities cause
and analyze the difference they contribute, which may supply the basic data for people engaged in indoor
activities scientific and improving indoor air quality. Five representative places in Xi 'an Jiaotong university
were selected for monitoring point during April 2012. Number concentration and PM2s mass concentration
changing were monitored at same time and human activities and related ventilation information were
recorded. The sampling results show that different human activities caused the different particle number
concentration and PMzs mass concentration. The dining hall particle number average concentration and
PM_s mass average concentration were 242266 particles em=and 124.2 ug m3, respectively. It's far higher
than other indoor activities, expect mop the floor. People should shorten working hours and enhance
ventilation to reduce risk during they exposure in high-risk environmental pollution, especially the higher
emissions of pollutants activity, such as cooking.

Keywords: human activities; number concentration; PM.s
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R 2 PUORIIEORESR "
Tab.2 Particle number concentration table

¥ 5 HAML 95 H oL
KEEBATY AN PIAE * bRtz B/ ME il N
Kok = HORE
RFEE
day1 576 18841 + 2033 10034 15448 19060 22315 23456
day2 519 18757 + 5073 11326 12303 17328 29450 31000
day3 628 20432 + 2276 16886 17412 20548 24416 28123
day4 346 20984 + 3729 14093 14819 20514 26811 28575
all 2254 19396 + 3409 10034 14000 19063 26568 26568
fe 51 b5
day1 668 11266 + 4082 4835 6005 10956 19298 28795
day2 489 30428+ 9207 15783 20744 26766 50179 57621
day3 468 24316 + 9601 6290 7678 27335 38125 39398
all 1625 20791 + 11300 4835 6327 20750 39724 57621
E-1E
day1 438 20211 + 3986 15758 16017 18940 26942 28450
day2 478 18279 + 3340 14918 15211 16703 23556 42873
day3 475 21014 + 2636 15055 16676 21501 25027 28400
all 1391 19821 + 3542 14918 15386 19725 26507 42873
FTENE
day1 470 21057 + 4385 13933 14548 21235 28560 42700
day2 472 26951 + 3850 20598 21328 27195 33094 35715
day3 467 25268 + 6951 12748 14958 26415 36593 47480
all 1409 24425 + 5789 12748 15380 24210 33513 47483
RERH
day1 461 60980 + 33887 24873 25742 55933 123769 145416
day2 457 71623 + 33630 19395 22480 73623 129705 193583
day3 467 94226 + 44792 32365 39768 91645 177143 242266
all 1385 75708 + 40290 19395 25780 72460 146436 242266

MR a KFEEUE AN particles « em®, b dayl, day2, day3, day4 #& Wl 5 KR EE R BUB

B 3 7] LLFE HE & POl B 5K PMas B FE R /N PMas BUEIREEMIE 20 fiF, X2
W T FEAE S I DU R (dayd)  WRAR T 48 O it LG sl s R AT DAOBLI 38 6 5 R ek
PM2s it 29 FE 2 550/ PMs JiT SR FEIIT 30 i, IX N7 i M 21 PMo.s Jo7 803K B2 (1) L A =M 37
Fir= A PM2.5 B BRI 2 o b I BRI 28 R (day2), =AM ERRGLS s —
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Tab.3 PMysmass concentrations
%5 AL 5 95 H AL
KRR A B + bRz /ME B P i Hok S IN:

REWEE

dayl 642 77.6+37.0 29.1 31.9 65.7 127.7 149.8
day?2 674 50.6+17.4 352 37.1 42.7 92.0 108.5
day3 592 106.3+48.8 432 44.6 82.6 1715 183.1
day4 346 181.04+23.8 106.6 156.8 180.8 208.6 443.7
all 2254 107.14+ 476 29.1 38.0 87.3 152.1 443.7

55
dayl 713 454,76 35.2 35.2 45.1 59.2 78.4
day?2 489 87.7+94 68.1 77.0 85.4 104.2 110.8
day3 468 116.44 45.1 30.0 183.6 135.7 172.3 183.6
all 1670 77.7+38.9 30.0 35.7 70.4 148.4 183.6

B F3tH
dayl 438 19.0+6.3 14.6 15.0 16.9 26.3 87.8
day?2 478 236.8+18.6 173.7 195.3 239.0 262.0 2714
day3 479 35.6+10.1 21.1 225 33.8 50.7 54.0
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Fig.3 The variations of particulate number concentrations and PM2s mass concentrations in the printing

room

2.2.3 ENFRYIBIRES P s JB BIRERIAH T
N T a3 s Y RTRE I BOR 2  PMs TR FE AR S, A SCR H Ge it Pearson AH2 70 #
Jii%. Pearson AHIC/MT & — RO FEAH G4 BT 77325, Pearson AHOGREL (1), MFRBUEMCREL, &
I A LA B R OC. v (EAT-1 B+1 208, ZaXH o0 REEET 1, Hdl s
TR TR EL L, WM REEEE 0, WRMAIAELIER R, DL ABRIYIBIRE . PM2s
JoT R Py Rer B B, 6 X PR AN AR BEHEAT Pearson XU BEAHSC A5G, 45 R ANFE 4 PR, XA &) Pearson
FHIE A BT UM HT . (Asymp.Sig.(2-tailed)) p- L RZHUE LA/ T 0.05 , BITEZEUBHLT,
ENPRYBORE S PMos SUEIRZ R E K. AWK 4 haTUEH, 5. EIBERBRAERE
A PM2s Jii B 2 () Pearson #H ¢ S8 b HAh DU WS Iz BT A s 0 HLAB SRR AE ARG, Hh g & 28
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Tab.4 Pearson correlation coefficients between particle number concentration and PM2 s mass concentration

Dayl Day2 Day3 Day4
W37 i
r Sig.2 r Sig. r Sig. r Sig.
15 45 -0.381 0.000 0.710%* 0.000 0.365** 0.000 0.484** 0.000
#5E  -0.032 0.407 0.275** 0.000 0.885** 0.000
e 0.220** 0.000 0.438** 0.000 0.505** 0.000
FTEI)E 0.657** 0.000 0.394** 0.000 -0.056 0.230
i 0.622** 0.000 0.700%* 0.000 0.599** 0.000

wk, 7E 0. 01 7K GO ERZFMX a MHHEMEE (Asymp. Sig. (2-tailed) WM
2.2 3 NREINRESIHI T

R o 00 300 1) ) B2 10 s B BT S VA B ERTE 0, AIAT - ARG, PRI T 2204 (One-Way
ANOVA) FEGETH 5120 AN Wil 2 P ) S U AT VEAR o0 A, AN 25 1 KRZ)E 55 BN 9Tk
Bt N BRI BOREE . PM2s FUEIREEH W2 RSO0, W] DURE I LS50 = Py ORI B2 (N 9 i
AN 11 RAFBES), K —mEsNEs) GIENFIE), ks . £5 s AAEE
Wi B RIS T B, RORLIEOR FE DA S PMos BB B2 )T S5 S4B . P2l R UL
Kt wh 2 2 Dy K EUR/IMED -

&5 TRIARFBEN BRI EBORE . PN RERENZN (XEIR)
Tab.5 Impact of human activities on the concentrations of particle number and PMz.s mass

=W Bk /particles-cm PM.. s R 23K & /ugm
N (BB 3D

FEIEZ) PR A S RAA P FUE PR E

TEE

Wik 2 22267 23175 87.9 90.0

i 4 16501 26013 161.9 292.9

it 4 22785 13565 (Min) 261.9 155.7 (Min)
A s 2 19485 28575 109.9 450.0
2207

fa £ 6 20791 57621 78.8 186.2
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EXD) B /particles-cm™® PM,. s J SR /ug'm®
N (I B0
FEEE) ST s S BE I s P E
B-H1E
ANGES) 12 17238 28753 30.0 56.7
iRt 3 18724 23065 35.0 433
Hidth 3 22456 19450 416 376
FTERSE
FTEN 9 25268 47483 62.0 109.0
TH
S 3 25675 145416 106.7 304.3
NFEF) 6 21166 98985 84.8 415.7
EHNES)
H 5 1 22175 42873 203.8 309.5

a AR I 1 ARk 2880 2 iR (Max) 8idpZhy (Min), SRENWHS2h 2 5 S BUREF &

MF 5 FTLLEH, RS TG B #R 2 % A BRI 0K FE AT PMs Jit 89K E . FF HASE )
T BN ZE P ROR DB B2 (%) s W R B 22 S AR O, A v 3l ml DUt =35 o ORE ) B304 FE - e IO PR A
x5 X EERRAERS TR R, FEs) CPYEKME: 26103particles em3, 5 5tH1{HE
16501 particles €m3) . £ I 50 v 5l (P34 K AE : 28575particles €m3, 15 5141 : 19485particles ¢m™3)
o1 A 2 S R 2 B B T WCkiE ) (23175particles em3, 1 5c{f . 22267particles em3). [F]FE
KB AR NES), BT ISR 2 R, et R WIS AR A . A Rk
gl B 51 i #k FE A8 6 11515particles em® (A 5% 7E 2h i % @ 28753particles €m3- 5 5t {H
17238particles em= ) 2 b JF & 5l &2 1 B B E = N M 5 K B R L 431particles €m
(23065particles €m3, 5 514{E: 18724particles em3) K, MR 26.8 5. H i T HEEE
ARRERTE, HEEES SRR = NS A 11941particles em™ 52 A 7 ES) 51 2 AR E
77891particles em= f¥] 1.5 £, BCAMEXTFIEIEZN 04T, ATLURIL, AN A CNTE S o X %
P RIRL P B FE A R R, an B P AR {H . 42873 particles em®, i 5t fH: 22175
particles em), 2xfdi % NI BOREEE RN SAERIT 2 fif. MA LGS0 = N BRI B E T
B, b rErs & EIPIEHE — @R AR A BRI RO FE A I R . DA & IS 3l oh
B, N R EE TS SE R 2 — G E /M : 13565 particles €m 3, 15 5t 3J{i: 22785 particles €m);
AR, IXEERRAIC S A BURIAIIR FE IR S A R T 0 N ROREADS Gk, fe T = N AU &,
A 2 SRR .

5N i st 2 AR B0 FERZ A LG, X 3 N PMas 5T S0 FE IR AR R 9T s 1 2R BA)
25 5%, RIS [E] B35 B0 2 P PMas Jo7 523K B2 (1) S e AR EAR DR IR 22 3t o A7 28 H HVE 3 mT LUEE 2 I PMas
JREWRET AR 2 A, e N S S8 2 P ) PMos JIREIRFE BT T 1.8 f% P R A :
292.9 Ly 3, HsIAME: 161.9 g mS), LMUSUETESIN EAE 2, S 4.1 6% CP¥ERE: 450.0



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

g mS, HIME: 109.9 pg M. X EE PMas T EIK A F N ES) . RAEES) 7 AR
SR LT 3.9 (LFHME-T 515=330.9 g m3 /&) F1 1.9 5 (EFHE-T 5=EH=197.6 g m3). Xt
EU £ 5 N O BOR BE AT PMos 5T SR BE R AR T R I, AEBI%T PM2s Jo Bk 2 R 52 0 LU S A 3l i s
T S R 0K P2 52 L T 3 e o 3K A DR A 7 A A UR K 22 A G OREIET, 3658/ (14 S0 45 o1 2 e 241
KL (PMo1), SREFTEREMT G, (BEERARENTHEORE, JEHAAEE 7 &MAFWN,
X N AR s T A K8

_— ) = Number
6.0 — Mass
O Number
Mass
507
4.0
3.0
207
1.0
0—1
T T T T T T T T
LG SR = VR (17 U =~ i fIep 825 “hﬂé& HE &%
ARiEsh .
B 4 REIAAEXER BRI
3 &5

(1 AL HHE WG] DU = BRI EOR L 2RI &, B PMas JIUEIREERMIEAINE: X, A

8o EE S ] MEZE N PMas JiU SR BE Ry, (B RURLIRCR IR B AR A I E AN 2 A 2 B A0 ]
DU = A ORI BOR FEAN PMos JREIR S IR & s, b, (@ 5iEs). XERE ARSRAN =
PSSP AR BRI IR A HE A . tetn, AR CEAR) 1S sh &= W Bk Bk = 2Us s, H
PMys i SR FE IR BOREER N2, 0 S ER 7 5. 3 f5: ENLHBUERBEED=
N PMos JBUEIREEBRITE G, AEREA 4 i [ARBNYEOR BRI RIRI R, AR
18 1.5 %,

(2) A FEZETY RS BNAEAN 7] ) 2 A PR EE o 2 P TR 80K BE AT PMo.s Jo0 9 BE IR 2 JE AN AR ]
i, fEfE S A EBIE S, MRS BRI R IR A PMos il SR S MR AR R E
H b 3% s 5 R A0 O S0k M) B0k B G 8/ ME - 22456 particles €m3, 1 5tH{E : 19450 particles €m™2)
A PMas REIRE CPEEmKME: 41.6 ugm?®, HHIME: 37.6 ugm®) I AKRBFEIIER: ik
H 75 B A1 <2 R ASUR A B A PM2s JiE 8RB 43 3l ER S 5B 22785 particles €m S 1 261.9 ug m? R [%
# 13565 particles €m= 1 155.7 ug m3; X 7] G5 % P BURIAI I BGR BE RN PMs Ji IR BE TS SUE R R
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