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Sensitivity simulation of contribution of desertification over Tibetan

Plateau to East Asian dust aerosols

ABSTRACT: By using the climate model CAM3.1, a sensitivity study of potential desertification over
Tibetan Plateau(TP) has been conducted. The simulations show that the potential dust emission sources
over the TP are mainly distributed in the western plateau near to Qaidam Basin, southern Tibet, southern
Qinghai plateau; The sand emissions vary seasonally with the peak in spring, the low in summer, Besides
the dust aerosol concentrations over the TP are greatly enhanced, the dust aerosols emitted from the TP
could significantly increase dust aerosols in the lower troposphere over central-western China and in the
mid-troposphere from central-western China, Korea, Japan to West Pacific. The contributions of the
TP-desertification to East Asian dust aerosols are high mainly in the lower-troposphere near to the TP,
while in the far-source region such as the south of Japan and the Middle Pacific region was highly in
high-rise. Plateau dust aerosol could be easily ascended to westerlies, becoming the world's highest
efficiency dust-distance transmission source.

Key words: Tibetan Plateau; Dust aerosol; Desertification;CAM3.1;Sensitivity simulation test
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Inter-annual variability of wintertime PM2s chemical composition in Xi’an,
China: Implications of Emission Changes

(H.M. Xu'®2, J.J. Caot, K.F. Ho®)
1 Key Lab of Aerosol Science & Technology, SKLLQG, Institute of Earth Environment, Chinese Academy of
Sciences, Xi'an, China
2 University of Chinese Academy of Sciences, Beijing, China

3 School of Public Health and Primary Care, The Chinese University of Hong Kong, Hong Kong, China

Abstract: The chemical characteristics of PM2s from Xi’an urban area in January and February 2006 and
the same period of 2010 were determined in this study. Chemical mass closure analyses were carried out in
PM2s samples, in order to illustrate the changes in PM2s chemical compositions in Xi’an winter time.
Enrichment factors relative to earth crust abundances were evaluated and it was noted that most
anthropogenic elements including Ni, Cd, As, and Pb had significant reductions. Correlation and
multivariate analysis technique, such as Positive Matrix Factorization (PMF) were used for source
apportionment to identify the possible sources of PM.s and to determine their contribution changes. Similar
sources were identified between these two years. Secondary transformation, fugitive dust, coal combustion
and vehicular emissions almost accounted for 80% of the mass concentrations of PM,s. Moreover, the
abundances of these major sources were changed with different years: coal combustion contributed the
most (28.9%) of PM.s mass concentrations in 2006, followed by vehicular emissions (28.0%) and
secondary transformation (15.3%); but vehicular emissions was the most contributor (25.7%) in 2010 and
the contribution of fugitive dust increased to 22.5% as well. Besides, industrial emissions and fireworks
emissions + biomass burning were the minor sources for PMas in Xi’an.

Keywords: Mass closure analysis, PM2 s, Source apportionment, Xi’an

* Corresponding author. Postal address: Institute of Earth Environment, Chinese Academy of Sciences (CAS), No. 10 Fenghui

South Road, High-Tech Zone, Xi’an 710075, China. E-mail: cao@Iloess.llgg.ac.cn Tel: 86-29-8832-6488, Fax:
86-29-8832-0456
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Fig.4 Correlation between scattering coefficients and PMgs in spring, 2009
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Fig.5 Correlation between scattering coefficients and PM2s in summer, 2009
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Fig.6 Correlation between scattering coefficients and PM2 s in autumn, 2009
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Wk, KA B BRI AV AR SE TS Yo i RS R I T B B RA], AT ] A 8 o O A
WU G E ISR BEARAE . BEILEE () AT LLA Koschmieder’ s AR+
91

VR (5-1)
AR S WA T S5 SRR ], IR IR 60% LA RN, SR RECFIIME Yy 1931.84 =+
667. 19 Mm ', HAEUE R HHGIZ0N 11.6 £ 6. 3%, {EARYE LAERF LS5, Bl et K
SURATEOGI TR Y G A, PRk, Koschmieder” s 23 K ARG R ¥t T
RE D 1 o
3.5 PMas RHASSRIERRA
I i AU RBORHRRR TSR R 2 JE AR, FESRAEAYJE PM.s BTSRRI EE
WEWT PMos RO PR, B S RE WL AT LR . — A, e 5 B0 vk 13 2 ) O 2%
PESCR, MARRECR "o IR PMo s BRI 43 0B T 440 0ot B LIS REAT R B [ ), 733
AR RENAR 1. WA, PMas SHE W EA RIFHHSSHE.
2009 FFHFZE, PMas HJE BRI A — T4 7 BENS 5 B W R B 2B M OS2 A MRS TR 74
o, AR B AR B T AR & 1 5 B LR B S8 R AR T AR R 80Im FHE, RS R R
REMJER RSB R E IR T B2, P&, EC SREN LA E T HiAth 4l sy, H
N N0y, HABZH I 5 Re WS 2 AR BB M SC. UWIFER 2R, SR RE NI R 2 R 27
Rk, AIAES E N E KRS L BRE KIS EA LR B 40 A 5%, k3=, 0C Al EC H5Rgll
JERAHR IS B35 B 7dlorh, NO, 5 NH # S R MBS A B F A, WIFERKER, R 5 =ik
BRI RE B A TR A28, BR T Na Z AN S RE WEER B B ARG, YA RS ik E e,
AP R BE WA TUEk, R B

R1 ARAFEHERLEAES P KHEACEHE S M
Table.1 Correlation between daily mean visibility and PM3 s as well as chemical constituents in PM.s of

different seasons

PM2s WSOC OC EC nss-S0s2  NOz  NHst Na®™  nss-K*  nss-Ca?

09 & -0.588 -0.355 -0.200 -0.316 -0.517  -0.379 -0.628 -0.063 -0.366 -0.114
09 & -0.604 -0.404 -0.446 -0.624 -0.315  -0.497 -0.471 -0.084

09 & -0.754  -0.512 -0.600 -0.628 -0.366  -0.643 -0.717 -0.063 -0.477

09 % -0512 -0491 -0.520 -0.464 -0.579  -0.469 -0.546 -0.100 -0.509

VE: “e” SRR RIZEAT IR S BRSO RO b, RIS AT AR 6P 44T, p<0.001)
4 B4

(1) Bt ZEE M 313,52 +224. 94 M. U ZRACH ISR = 0 X )4 140~240 M, 5
REA BRI 39%. HUH REU T 4 A S PV KETF, BT R e PR b BEAE A PM..s AR AL
(2) Bt REH AT A: Fb 7 SAAR 18~20 S/ 47 I . A FZT st
FHA AR SARIT . A R A 2O R A W R, 2 LR 0 L LR Ak
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Estimation of aerosol refractive index and optical properties during
summer and winter time at a regional background station in Yangtze River

Delta Region of China

(Peng Yan*?, Xiuji Zhou?)
! Meteorological Observation Center of China Meteorological Administration, Beijing, China

2 Chinese Academy of Meteorological Sciences, Beijing, China

Abstract: Using the data of size resolved aerosol mass concentration and chemical composition obtained at
Lin’An regional background air pollution monitoring station in Yangtze River delta region of eastern china,
the size resolved aerosol effective refractive index was estimated for a summer and winter period. The real
part of the estimated effective refractive index ranged from 1.55 to 1.60 if assumed dry aerosols in both
summer and winter samples and ranged from 1.44-1.48 in summer samples if liquid water was include in
the aerosol mass budget. The imaginary part of refractive index for submicron particles had significantly
higher values in winter than in summer, and had much higher values for dry aerosols than if liquid water
was included. Based on the estimated aerosol effective refractive index and measured aerosol size
distributions, aerosol scattering and absorption coefficients were calculated. The calculated scattering
coefficients assuming dry aerosols were 30% ~ 50% lower than those measured using Nephelometer
instrument, and the calculated aerosol absorption coefficients were 10% ~ 40% lower than the measured
values. When including the liquid water in the aerosol mass budget, the estimated scattering and absorption
coefficients were closer to the measured values, but still lower up to 37%. The scattering coefficients
increased by a factor of 1.54 after including liquid water content in the aerosol mass, the absorption

coefficients increased only 10%, and the single scattering albedo increased 0.04.

Key word: Absorption coefficient, aerosol liquid water content, scattering coefficient, volume average

method
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FPIKIRAETENT RS BK B ST B B T
(BEX" ", )

1 1R TR ) g %, JE5, 100029

2 HAH IR g A AR TEHLH . WA, 6190292
OB A T AR N R R T TR AR e, AR THII E Z k, Hoh 2 — R AT
FHANKA RS AR B i J2 1 TR N R 3806 i o A SO AR R R -3 8O fR 5 =4 2 1L
JRZ AR AME R &, VI Z A0 hIlE 5t C02 Grkififs ZAHME IR AL, R R
W2 SpIETT/ ot (CE/SE) Bk, ARSI ifiE )= C02 RIS Al MRk k. THEE R EIR,
B KGR T IR GG AR T Z NI BT 77, 1958 CO2 fEII A= NI EhTERE,  BIG KR F7EIR
PRI FZURBEALEE : [RINE, G Kb R AR AR BTUIE R, Rk CO2 RTZTRE3 51k, iRk
AR NG KGR T PR T H 2 AR B MEXT CO2 R ZERE ML, R4 CO2 A Mt i fik & .
A PRI AR R T A, R KR CO2 HBT A7 IR)E T HE BRI K&
FUE AR =T R AR ER IR (BORD B S, (A X 9Kk 5 R AE PR B8 B2 5 FH 2
B e 8P A R R SR A 5 AU R R — s IS T
REEE]: HUKA, MBI, BIRS C02, BUHMAUE, PUKEAR

T B RT SCHRAR R

35

I S CO2 BT AF - — AN AR K A, B 1992 48 DUORZ AUk SRl (8] £ e 408K (IST
Web of Knowledge, 2011) . i Ilf 5 CO2 )5t 3 47 (0 45 VU AP ML : VA& sl J1E 47 (Bachu et al., 1994),
VREAEAE (Shi et al., 2011), ¥f#EI(E (Hitchon, 1996) K #E1E (Soong et al., 2004) 4&,
BAEHLHI PO CO2 TR BIAES KT SIL R, XF CO2 M i E VP A = L.

eS8 5 P AR CO2 VR FE AT it = () BRI 2 (Ambrose et al., 2006). Doughty %5 (2001)
2 2 AR R TR BN CO2 B AF . Mito 28 (2008) F i CO2 Bk Ax M Al 151 J2 AR 45 i 1 o6 2R %
Pl Torp Al Gale (2004) ) FH 5% I THI A Bt )= RIS BUIEXS CO2 AHASFIEHAF A & M . Hovorka et
al (2004) & BLFLRR R FOEY BRI B ZU RS0 CO2 AR EE AT DA AR . AT WL, SRR B pesE CO2
WG AAE SO G E. ik, FBEIESFMSE ol 2R, FLEREAES S X co2 f
SZATRAE SRS B, $&5 C02 A R i fif &2 C02 H 175 W ALFI H etk m i, BA
b e R E A, HET, ZOUS T SO L, AR AT

VT AF, R NG K IR} 22 T 7S B 23 e, il A R goRoR 7 H & IR BRI 28 & P (Krajnik
etal.,2011), REWEABOMPRACRUAIG SR ARFRIT M REE, A B TR AIL A Z NI BIUIE, (2t
W RGITRSY H (Murshed et al., 2008). A4, GERKbi-FREA GG CO2 fTELZ LN R
HHEHR B RS BRARHLZ IR XS CO2 5 R g i (e, ARt — 2B b A 2t
BTG IFARTE Z FLA B IR 55 BUFAE, (ESIEat b, DU AR B RS 2 o B (X ik
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JEHRBEAF N7, BUE M CO2 GRIRTESE = IERS AN R4S AE, RV CO2 GORIL A b6
AR

1 FLEBRA R YR mE R 538

YKinfE (Nanofluid) ZFEGIAK R B ERRL T 5 PR SRR A ) B8, 185 9Kk 0 )Rk al
AHURLF, ] R FH 21000 MR BT i O S & 40K IRE (Chot, 1995; Wang and Mujumdar,
2007;Timofeeva et al., 2011). ZKFAAMN B ZF R/ TR A AL S A FE (Masuda, et
al., 1993 PUKIRA BN ) 3= ZEHLH D FEBE A7 BHIZ 3l #0K  Magnus 28 R i 1E 4 (Nield
and Kuznetsov, 2009). Tang %5 (2002, 2005) REHF 7 T kb FRIEME. FREZES: (2009) RHZ
TR, T 9K AR ) 2 AR B I R o FLBRA 5T 9 KR AR i 20 iFF FE e 2P e, Nield Al
Kuznetsov (2009, 2010, 2011) &1 Boussinesq ML LA YK RLFAAELEILRINZME T, 5
JEHE. MBHIEEh. Mk, Magnus RN, S HFLBRA B GOKFAR I GRS, SRR AL .
FETR . YRR BT T /0 4T. Bhadauria fil Agarwal (2011) 4387 T 2L, HAHRA R
T, KRR EE. Neild A1 Kuznetsov (2009, 2010, 2011) 45 Hi Cheng FGIF) # (4KifiiA
BAHO BIENTIE, tHe TARISEGRAT T, WRECS R R. AL H Cheng [KIAET)
BAEAR . WBSHHFERITTRE . HH RS EGERL S22 WOCHR (Kuznetsov and Nield, 2011), CE/SE
BAETEZ WOCHR (Yang, et al., 2012). & 1 25 HANKUARS HUTRI AT oA E A ABA AR 5 1 M i S5 7
PRI, W, CE/SE THE SRS SCERIFIT VI G RIF. PASBURIE TR, 1545 R ™
KR/, CE/SE BIENGRE S, BUAT LR, Reie-& BH AL FLRR A o7t oK AR B I S

20 T T T T T
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Figure 1 Relationship between stream function and similar variable. Dots denote analytical solutions, while

the line represents the CE/SE calculated results.

2 KRR
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AR AR . AR SCHRE R BRI 7 CO2 PRKIAA R B AAHE R, 99Kif#A (Nanofluid) ¥k
iR RUBE T 25 00 55 (1 4 S8R B AL ] 44 kE 1 5 8 I S C02 E@%ﬁcﬁi; CO2 YKt s th i 3 47
(Nanofluid Geological Storage)fq¥ 4K IAMEAAAEIRZB/KZ SR FF M, & T /K A% 434
1o RLUARIEFIE CO2 BUKJZEAE NN, R T CO2 AR M T S A7 F2 Hh A4 5
JIEAERUR], S CO2 MFTZT R SHZIE R X R B THEM e BT .
MR (B 20, A% DS HS WG (Yang et al., 2011). RIEFHE =04 5
—B, BB, 5B BUKEW AL, BEMES (B 3), ATE CO2 [ Sk Mk /) X
B, HZAEBI I (Yang et al., 2012). AfES AARKGUE (QPKRiF 5 #IE 7 C02 IR G145
NVFE R, HiKGPKRRLT (BIE IG5, 2010) HARHN 25 99K, %% 600 F70/ K. ASCHE Nield Al
Kuznetsov (2009, 2010, 2011) FRIFERE F, {§¥ Boussinesq IEMAKAL, FLERA LR THIXT 9K KL
TP . BRI T ARWIEES) . Bk, Magnus 0N M AW EH . JETF 0CS MULTIF #% (#
%%, 2011; Yang et al.,2012), FERIEEIGF CO2 MIRTLHIEAMFE . a4 REW (B 4,
N 20 FF 2 J5, EBImS CO2 /34 Lt 5y, R BRERTE T ARR 755 T I 52 iR s ey o)
73, WS TGS C02 52N MR SR s, Wk T C02 fEUFZE N MR aItERE, RIgh
Kbl PR A Z LR (B4, 2010); AR, 4Kk FHE5e 7R NSRBI O/,
SR A Co2 MR L, M FE C02 RIZT RIS IR FHZ N B I E FUR TS 5 ik i
BIY)E G5, R T U A X R IR A CO2 BRI . XFELSCHR (Yang et al., 2012) 5
RICTHEER, YRS HRGOKR A R T B Z R85 X CO2 IEREIs2m, (il CO2 #5514 8L,
RS 8= (Effective storage capacity) .

Kl 2 MR (H
NZD) g
Figure 2 Geological o model. Hei59

H1 Heib59 Jy C02

denotes the CO2 injection layer.
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Figure 3 Micrograph of sandstone and its porosity and permeability
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Figure 4 Comparison of CO2 plume migration between (a) supercritical CO2 (Yang et al.,2011) and (b)

nanofluid injection after 1 and 20 years of injection
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YRR BN R0 72 IR AR B A 36 AR DX 1, @RI s L& T O R b 27 3)) 11 2436,
WAL RTTE 1 2 100 99KVEH N . ZWImAARSIZ NS T ffstl, fFaEsdn st Jar
KRB (Nield M Kuznetsov, 2009, 2010, 2011) HARFEE TAHIES). $k. Magnus RN 2%
ML, LA I A SR AR KL T A% SR 7 FE R 2 WA 2 AR SR & T 72, P i, A& F T sh
REOE R K TALBURE RSN, Re s B3N TR AR A R BE A FHR N FE . A SR % &
YRR F IR FERT PRI BN IFE I, TGRRLT RN STEAR . 8 SRR B4 B M 9ok AR e 1k
FRISZMR . RSG5 M KR BIRER LS, 2 AL 0 P R A SR AR 45 4 5 9 KL 108 Bl 3k sivt
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Numerical analysis of CO2 migration during nanofluid injection into saline

aquifers

(Yang Duoxing?, Zhang Yi?)
1 Key Laboratory of Geomechanics, Chinese Academy of Sciences, 100029

2 Research Institute of Innovative Technology for the Earth, Kyoto,Japan,619-0292

Abstract:CO2 geological storage is a novel hot issue relevant to climat change, facing a variaty of
challeges, of which is how to enhance the CO2 injectivity and effective storage capacity bu using the Nano
material and technologies.In this article, based on the governing equation of convection-diffusion of
Nanofluid coupled with 3D multiphase flow model, the preliminary theoretical model is established for
multiphase flows of supercritical CO2 Nanofluid in porous media.The high resolution space-time
conservation element and solution element (CE/SE) method is deployed to simulate the CO2 migration and
distribution in the heterogeneous saline reservoir.It’s found that the involvement of Nano particles
eleminates the shear effectes within fluid boundary layer, and enhances the CO2 mobility through the shear
layer. Furthermore, Nano particles increase the interior shear stress in fluids, promoting homogeneous
distribution of CO2 front. We prelimilarily find that nanofluids enhance the mass homogeneous transfer of
CO2 in the reservoir, and mitigate the negative effects of stratigraphic heterogeneity on the migration and
accumulation of the CO2 plume. The effective storage capacity of CO2 is greatly elevated by means of
nanofluid geological storage.The concept of Nano fluid geological stirage into saline aquifers may be
potentially conducive for lagre scale commercial CO2 geological storage, and useful for exploration of
geothermal resources in deep-seated hot rocks, especially for shale gas. Meanwhile, it should devote to
promotiing researches on application of Nano material and technology to environmental protection and
resource utility, and enhancing the high effective recycle of resources.

Keywords: Nanofluid, geological storage, CO2, effective storage capacity
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BeAh, fEFEAERLE DT, R EBEe0% Ky, MELIET RNy R R A BE . AW TR AT
TR S ROEARIT R & EE 2K

BT FEA. R0, FEEMME. BERR. B2 R EELEY)

1805

TR SV B 2011 EBATE T SR B 5 RO R R A R S BT U A AT
SRR 2 0 6 AT T A A 28 %, JH o R R 2 4 e PG B R 95 A ) B MR T A 26%.
N 2 G T A A B 101 4 5 1 14 FLSAR IR VRAM0RE Pl s AN 23 40000 B0 R, 7 o 22
R D SR 15260 2 0 B o R T AR T 5 4 2 R P R Ok T AR (1], TR IR T A A
VEORL RS MBI N 5. 6 um, HARZ B IMEEEE R 95%) /ANA 1.0 um [2]. EHH
FIEA IR A 1B 3 NSRS PR 2 — (30, WRIGEFE & I BT 2R 2 B 7% b & TRV o B B 05
FISAL LY (PAHs ) F5ERELISITERS (4. 51, 25 RTINS /5 B Riem, BE
AR BRI T2 —. BRSNS R B R R, TR SRR 2 & 18 2 B A3
PRI T S SRS Y, 7 DR AR TR AR R S B T A A B 4, A R R
T T 7 1 2 RS e 2 B AR B R SR 2l FR B, TR H AT 4k, AR R
LG L Fb T A FE ARG O AT B, SR T BRI T 15 4 T P BTV TV 9

2. SCRR B EE

HEBNTANESAGE, FERUMMAREZE®, WSS HEN ISR, Tak s
B R UERZ 8 BE RO R, THRE AT FE Al K B M 2 b 32 B — M el SORE T SRR A o
W R FREICE S L) TR R R N5 I8 & TS RS K.
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2.1 HFLENE

WL, T BRI A R A A R, DO e R A R By, R RA B I R
i, AN SRR (<10%), NG SEA AR SE A B R B T ET RS AU TE BT G 150
(HHEED) "350 (B4 E) Ju/fT. [5]

2.2 FERIEZYERR

PR R R R ST FE R 2 B (1) BREERER . AR, IRk HE IR B, R = HE
RIS IR R AR B o A SR S A I 2 5, R BT IR R R AR R e A SR AAR BB, AT R
B SRR Z SRR R, R BT HE RO SROR B i . (2) MR R R AR A R, B E
P & k%, BT AR TR ok kb o (2] (3) AR R S8k, 3 7 T 1) ol fe i e ]
SRIIN, KB A RRIGEAR A THIHERE I A R G, P T P R 0 iG BELAR A e AU A b B S el (424
B, (4) EURRHE B EUE B NP N FLIR, 25 3L BAS St RE 40 5 S I 2l (AL B
AR FLBR R B T ATHOE B se S AM SRR G R KIBIER (6] (5)
FEAT RIS B A R T [ B R e ) — A, R UL e 2 S P B AT R RS, RPN R SR E AR
I B R B R T, TR B PT RAD SR BRI 43 T BB A, BRI, S0 [ A R 1 W (AR T O T #E
B A S R P AR TS, AR IR BT, (EMS SRR 00 1 I 2 2 308 R ) ] 5 i o
A BRI A ISV, IR RE RRAE LA B A IS 1B B R s B R T . (7]

2.3 FEMRIEZ RBIRORAR A

— M AN BB B R 2 R B MR R S RS G BT R 2, SFE
N A BB T PHiOkE 22 B R P 44 4% 5007600 mg/m’, #&— MRS KIRBE R TR IRE ) 5716 fF, HERE R EISNE
B RS 475 i FURTE FEIE AT A AL AOMORE LA PMe.s 275 (8], 3 S AL 410 6 il 25 N F IR 7 3\
BN, teAh, FERRRBERTE AL MR ORI 3 2 3205 IS4 A9 (PAHs) , RE2E N Bl{E AR

3. ARG

AT 5 I T 2 Sl s T o e L R 25 P st B by S Ay B 3SR R N o P i Ll b, ) T i anh J
BIFRMELET T U, AR R RHRS 1oL &0 a2 i b 2. A F RIS (B
50, 100 }% 200 AR 2. 0. 149 mmCHIRIA%$<0. 297 mm. 0. 074mm< FFoRE %<0, 149 mm. &HAIFE<0. 149
mm), 7331 ECERFE B R JGEIE [H] A FE A A 2 5T T i . 3L B 36 MEFF A Ak, RRWIanR .

DU A AR BLZE R L 451 43 731 25502 504 60: 40, 70: 30, 80: 20;

JUHRIAR A G 53731 242

FAAR HHRRY « FHACK+ R« HHAKY -+ 3R B

ORI E R AR+ R TR AR AR R

HAK HFHRRY . SEACK+ TR R . AACKY + AR B

3.1 HF

M FTIEINAE 24 /NRFTRZG AT CRHBHRIE 50%LL ) B &%y 0. 70+0. 02g 277k, A748H 50, 100
200 SR ER AR T L ARy SR I A, R SN LB E AR AR 2R . B AR T L AR B
FR I RO ZKIGHAR BEIRA, TR BB B A, FETH AT S BEEWE 1 PR,
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R IR E PRI E L LR, TR O R BRI SCR EAYAE 1,00 2 1,02 A%, H—
FEATQOE 1 s
K1 A2 FFE B ML

E il wF(9) (153
{ YrIRA L BelEIRs 128 cm, 08 g

(K &b i | am |<— 115¢m, 4029 —>|<7(+e % 050g; % # 0.30g) 4>|

) o)

50:50 | 0.15 |0.15| 0.70 | S—— O

60:40 | 0.18 |0.12| 0.70

70:30 | 0.21 | 0.09| 0.70

B
[S=Y

2

|
o
_H'H
i |
S|
g1
B

80:20 | 0.24 | 0.06| 0.70

3.2 ik

WG EBENAL A 2 E1E, AU R — IR =R, WEANSEER & PS-1 &
SRR & R B AR BRAAAE (il 2) , ARBUIMAEERER B 5. JRARIE & SR A PO+ L7,
PIEEAERPL 50 em, NAE 10 cm, FEERBIEERENIRRE, PR BBCEHUE [ 28 Lk s = 0
PA 30 L/min Z fli5Cid BT $REE -

01X | Detactor 0
L

@2 i PS-1 R ERERAS < S BAH SR AR AR A

4. 45 R B 5

4.1 BHEHRIR

F 2 B AR LB BRAS SUVE FE A 2 aT AT o & BN RLRLAS AR S L U, ] B I i DR A AR A 5
AEFEE, HRSEBA LS AN M E Rk, SRR A . Ak, FiktisliE 60%H, L
P 877 UM DU ] RRAEIRIGE 2 TR (VRS slRISE R BT ) A A DR 2% B L £33 v s L e
TR, AGENFEE HEE SIS G i S8 56 AR SR MR I

B % 2 FER B AR+ R B B AR BLER LU 2% 50:50 2 FERIRBEATE & oh HARLL Bl 2 FEF B
AT MERHRIE SRR o IR AT B B R 2% Fp AR 5 AN I R REAT 5 22 2 IR BB A 2 G B8 IR 38, AN In
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R A IR, (i A HORRR B N r R BRI E s T th AR A N bR A R TR 7
A RE A 2 5RAN By HEN TR LA B3 350N 5 1T J5 S0 J 32 5 R 2 7 Ko

AT FE 7 T i T O HR R0 25 P A Bty B T B s B B N i W 0 Loy, M) P s 2
BT T ARE, HRHAT LRGSR TRAR. &KL, FEZ R AR 5R
RLASE B B oy LU B R AR

R 2 A FILE B BDRAE S TR nl AT 1R SRR 1k

ZEImes
o 40: 60| 50:50|60:40 | 70:30 | 80:20
RE
FHZRR +HHLAK) X X X X X
FHERD + HHAHK: A o o o X
FHAH +AAK) A o o o o
HER Ak X X X X X
HHER+ Ak A A o o o
FHBR -+ AN AK) A o o o o
AT +HHACK X X X X X
AR+ A A ° ° ° o |EE: WSIIELA AR LA R
A Fiky
o: NEFSE. MRJKE:
ANBLHS + AIAK) o o o ° . mEE.
A: NEF B H PR ARSI

4.2 RERRMBHNRNERRE 28
1. MR AR [

ANFEIF I 2 FF A BB R 4038 3 B, ZSHEASRLRLAS AR (R AR SRR Ry . Ak + R B0
AR B R . ARAK SR ER . ARAK R Bk . ARAOR A BR) BRI 10% (R 3 Ry 4>
A 7.5, 5.0, 4.6+ 5.3, 3.3, 2.9(min) , FHHIN 4.8+ 1. 5(min) ; EATARMEEE T £ 0 H
7% 0.89. 0.75. 0.90. 0.93. 0.47. 0.98, AJ WLFEA I INEF AL PRI 0, v A8 i R 29 3
R & ORI B R A, SRR A BB, BRI, 2 B R AR TS

F 3 RS RI R IS0 2 SRR IR ]

I
PR EE
AW+ AK| 994 | 96+5 | 843 | X
FHER+4IAKY | 97+4 | 96+4 | 88+2 | 8242
hE TR A [102+1] 9245 | 9244
B +AIAKY | 9O8+4 | 85+2 | 85+3 | 874
ANZER+ R AN | 9743 | 88+4 | 8742 | 8242

50:50 | 60:40 | 70:30| 80:20
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88+2 | 8420 | 8243 | 7941 |

AR + A A

2 SEFORLHE IR

ANFEER IS0 B oRL S R W 3 FrR . ANEAFRASEL L (P A SRR . AR
Ky AR R . SIACORSRHLEE . SIACOR+R R . AHACK AR, BEAIN 10g IRV REVE I
b HERCE I A 5. 54 2.04 3.64 4.8, 7.2, 5.1 (mg/g), r2 4374 0.94. 0.80, 0.85. 0.91.
0.96. 0.94 & HWIEAT B, BURER I & BRI oR FE s i L

80
[@50:50 W 60:40 (1 70:30 1 80:20

70
[+ : T
60 T 1

50

40

30

PAB RIS ¢ ALY AR ¢ ARtdE AR HREIE wAREY 3 AR tedes
] 375 I by < AR AROREHE R (A8 1 Bk )

3. AR 2 3R 05 A A S HE I R
RRBFRINEZ 2 855 B AL A HERCE I 4 Fis. N FRRASEE (R AR A . ok
AR AR A . ARAO SR ER . AR ER . ARAOR A BB AR B AT B
R, RN 10g B BRIZ OB R FEK 88, 42, 83, 72, 28. 40 (ng/g), FHKE, %
345 0.99, 0.82, 0.73, 0.96. 0.78, 0.82 B HURANFEHIZS . AT BLEG IRk 748 b0 LG T s>
LIRS A YR .

8.00
[ 50:50 W60:40 J70:30 [180:20

6.00 I I
o b

4.00 ] — |

PAHs (ug/nt)

200 | -] ] -] R

0.00 “
BARBEY AR RABtmAR Y AR AR Y ABtmAs iR AR Dipiohs



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

[il4 AINRR 2 2 B 05 A IS SRR (AR 30 )

4.3 FRFBRRB IR RIRR S

B THORLAS R R+ RLAS ARy Bk gl 50%) 1 Je DHDRLAS RO+ HORLASACKY (R i sl 20%) ] B
FlLFF Ay VR EAT S THIR R BRER AT, AR SEAEIEAT A R ROk R AR LU IRg, R 3 AH S
ZHRA, i THORAS AR (RikrEel 30 22 40%) ] K [HBRIS AN (BB bl 200 30 40 £ 50%)
% 6 THIEATLLY, idinT:

1. PRIGERE

W 3 fiion, 25 LA MBI EOE 2 B, HRAE 2 6 FEFEA RGeS P 34(E 45 90. 5 min, ARifEZ
6 FHFE A BABERE ] P 3E 4% 91. 5 min ZFA K. MATKRIR 2 6 FlFEA AR ] 4B 2% 84. 7 min,
Al SRR AR (R0, 047 mm), % AT A R0/ D FE A R R i

2 JEPERL A E

il 3 s, A OB MU RRA, RRAR . ORI S AR 2 6 TR A ARG SOk IR
537 %5 55. 3, 51.0 f¢ 52.0 mg/g-incense. A& TN, ROFRAS BLERVR GIOR HFBCE: O M2
HHE .

3. BAHZ BT FEN SR

il 4 s, A5 PGB MU RRA, FRAR . ORI S AR 2 6 TR AT PRJEE [ AH 22 2R 05 A 45
WEYIHBE T % 5,19, 4.85 . 4.94 wg/g-incense. FGTAT IR, Rk hiC BT IR
HE U 0 R AT

5.4 m AR

L AEFRE AT, &k ELpiE 60% 1, SORKPRIRE (0. 149 mmnCRUKLAE<0. 297 mm) 7 A B A

JEL DR 2Ry 5 B 2 3% S A B SRR NN (R AR o Ml o 1 AR AR S AN L EL FORAS e, R

MIEREREN b, SRR R

2. TEZM IS INEL B 7 T, Bk LG in CORNEIE 50%) AT AE R AR AR IRR i) M0 i JERVe Al 2 1 A 2
BT IS A SRR R HRBUR S

SRRSO T, ARSI Chif€<<0.074 mm) Z FEAWRIGERS B0, (ERR RS BRI ok

S 22 B 77 A A 5 D HE TR R I S S 2 AT

4. RAATEHEAS FIAC B 2 R S S B i R BME M B M. SR i) K

T BEIEAT B, R T 2D R RIS L

o

AW FUIREN 6 AT B B SRR B e G B B (G 3498 NSC 101-2221-E-041-004) .
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Preparation of Titania-Silica Aerogels and Their Application to VOC

Degradation

(Sun-Wen Yao® (Zkn#7%), Hsiu-Po Kuo* (Z51£11) )
1 Department of Chemical and Materials Engineering, Chang Gung University, Tao-Yuan, 333

# . Titania-silica aerogels are prepared by sol-gel and carbon dioxide supercritical drying. The
morphologies and microstructures of aerogels are characterized by FE-SEM, BET and BJH adsorptions.
The crystalline and the mechanical structures of aerogels are also studied. Since titania- silica aerogels with
very large specific surface area are effective for VOC adsorption and anatase titania reveals good
photocatalytic activities under UV light exposure, the as-prepared aerogels are used for toluene degradation
in a photocatalytic fluidized bed reactor. With the inlet toluene concentration of 600 ppm - 1000 ppm and
gas flow rate of 5 L/min - 15 L/min, the toluene vapor is continuously degraded with the removal efficiency
greater than about 40%. The toluene removal efficiency decreases with the increases of the inlet toluene
concentration and the gas flow rate.

R aerogel, photocatalytic, VOC degradation
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AR R B % | 2 B SRR 55 B0 B s eI B

(HEWERT ", BB, FROEAIT, B3, -7, FEL, BEE"D
1 B A KA IR R TR R, e
2 PIFI LA BIRGT TR/ 2R, Rl
3 BRFI AP LELS, ElE:
4 7 PR PIR B e 2 TR, Rl

B OE: AT TS 200 40 % 60 /A = RN [ R RE 2 B b % 2 AR o, R
BAHZ S B is e (19 F) HE B S s 8, N0 S o R Jse B it 2 B0 5 4
IR S. BT BB, (R2% 150 9705 KEME /@ B . WFFiat R L B w e
FRULEE, B R R R ITTRAN, VEEE 20 A4MMEEE 537 ug/No' SR EE] 60 A4MHALH 3075 1
g/Ni', BURZ BRI B R IHRGRGE R A M. 2 IR0 BRI AR R, B 40 A 1 B LA
FMAT. AR KBRS, SR ERBEERE 2 36 B) Mo, FEU 2 &3
WA, AR 73,1 B 84.6 % (HILEH 4 LRI AR R RN T B i BRI R R R
. B2 BRI LR B AR b, Hoak 3 3 6 BRSNS R BN . BeAh, SERESE RN
A LIRSS SR, TR SO AR b, BUR RIFI S, TR R IR, AR A
2% . LIRS ERIE =R E R RS, 4 0% 3752 ng/goil (20 A449). 34161
g/g-0il (40 A4%) % 1321 ug/g-oil (60 A%), BLAEE, RIBURHHASbE SRR~
W, SRR BEMBBR L R B i, PR BN . BRI, R TR I MR A B
11 £ 5 55 %, P 098 PR 98 B B R
BIgETE. L, M, ZEISER, HOREN, SN
i

NBUEE) (E¥. T¥AE, 0BT ARSI iR s Y, B EEE) 4 2
P R T AR R e AR . BRI S IS TR A I B, s e HE, B
W HIGTEIEAS, LS. IR, KW LRSS R ICR . AR
Fe R ke (open burning), HiER A ETYIE RIS, WRIBEFTE RO, FHEHE R T B T
R SO R B . IEAT A R I S B AR RS (biomass burning) . KJEAIA
PHRIGE . RERRAOMRKE R T3 R, o T B S R, IS, BN, ST
KEERL KGR ARG S (Estrellan and Tino, 2010). 55— 5 IR 2 26 2 BAE — B
IR, EAEIEE IS (Lemicux et al., 2004). —MEEEFMREEFTAE LRSI, KB R
LT TR, R TS B A HE RS (emission factor, EF), 3@ iR pishs e
i (Lemieux et al., 2004), §&RIRIEIEERSHEIBIZ, % € B EOEEUINCUE S, (E7E R 3
R R B BB SR, R R A B W B . B R IR RS YA RLIR )
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(particle), ZIEFHEHER (polycyclic aromatic hydrocarbons, PAHs), $#E&%M: S5 %)
(volatile organic compounds, VOCs) &X#iHE (polychlorinated dibenzo—p-dioxins &
polychlorinated dibenzofuran, PCDD/F) %, Ig45y5 4Ll i) e RE I e 1 Bl 55 R RS i A
BB SR AR R A R (Lemieux et al., 2004).

R R MR G BRI PE AR5 e (Ryu et al., 2003; Reisen et al., 2013), #fA
Kifg R, SRl M ERBIREA A RIS, BRI, namBaREHE (W& A
REIEAEANE (WNTREINKE) . SRR e R 2 IR0 &R, SRR 5O FE VR A 5 g
Y. ZIRI7EETERBAWREL A R A B 28t (Mastral and Callen, 2000), #
N E R ER O T RA N A EUEE. Bl RE, 2R TEE, BORERET
TR RN 68 R S5 A TR B B Y A ek SR A, 51 i e (R R 5 R RS s A
RS ERE . BRI REMEE SR . HAM 2011 4F 3 H 11 H, R AR5 A ik
KEAN. HATBIN A g2 RIRGERIRT T, K2 e BRAE = 56 2 AR IR T i AR R 2R B AE (Chen et
al., 2008; Lu et al., 2009; Oanh et al., 2011). FokE1 H &A% (Yang et al., 2005; Rau
et al., 2008). Tkt 8B tE (Lee et al., 1995) BY IR HIGIALE (Vassiliadou et al.,
2009) , B/E R T RCE MM R, SRR ER R, BEUE A RIS R I, AR B RR
S E A AN E R PR ERE , BHREERE . RORYIHPI. 2355 & R B EAHHRRR R . HEUR
WREMEEENRE. DT RN RIMASIEE, FrEEris gy, BT E RAERE. RIEME
R REIRET I E B, AL, AW FUTIRGS 2 3807 F R A B R R, AT USR (A LA
ARG R, RS2 E, KEZBRTERIGIDBIH ST 2%,

2 MHRHE TV
2.1 BIRE Bt

AEFFCRE B, EER 2 1S0 9705 (IS0 9705, 2003) HEMEJVAEE, HLEEE MG R
BRGNS DL, A KR S BT ANSl s BB R 60 A4r X 60 A EETFaHOMETFRT R,
SRR Bl S DR SR (IRAE M), DT ARIREME (20 277, 40 2497/ 60 »~%7) =
THIRIGEEREL 734 TAE, WG = E I B E & 3 Ay
2.2 BRITERFERIT

HIMRBEZ IR 07 TIRERER 08, ARS5 7 HRUE T8 vh 2 B2 55 B I8 a7 10 — S HH G B ek
%7 (CARB method 429, 1997), CASE#ih5I75 20, SREHS PRI LR 2505 A, [ LA,
FREALEIEAC (Pall, ) %45 S AL XAD-2 (Supelco, ZE[E) WU FEAERERR M 45 XC-572
(Apex Inc., ZEB). PrERERBRS U HRER (nerck, EB), ARAKIIEE LT 16 /)
AR, FHRIEBRIEAE . Fh. WA EL Il 2 BT > e ALt m el E - &
fEMT B A%  (HP 6890~ Waters AutoSpec—Ultima HRMS) o J& T HE 4% H#(f /A 7] DB-5ms, S 60m,
AL 0.25 mm, FEE 0.25 um. ZIRVGHEIEAEN . BHUERE S, (surrogate standards), NEEHAES,
(internal standards) , [RISEFEUREL (recovery standards) MFAFEUEH ( alternate
standard) , MEREEE INE K Wellington Laboratories AF]. ZHFFRIL4r 19 FE L IR 75 H/ETs 4
¥, Naphthalene (Nap). 2-Methylnaphthalene (2-MeNap). Acenaphthylene (AcPy). Acenaphthene
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(Acp)~ Fluorene (Flu). Phenanthrene (PA). Anthracene (Ant). Fluoranthene (FL). Pyrene (Pyr).
Benzo[alanthracene (BaA). Chrysene (CHR). Benzo[b]fluoranthene (BbF). Benzolk]fluoranthene
(BKF). Benzol[elpyrene (BeP). Benzol[alpyrene (BaP). Perylene (PER). Indeno[1, 2, 3—cd] pyrene
(IND) . Dibenzola, hlanthracene (DBA) % Benzo[ghi] perylene (BghiP).
2.3 MEEH
DI RS i ERER AR, ZAEAT IR A . — SR B AR IR AR e BT AT, (R8s 0 ZH DL TU B AN )
T BESRBICIE, JLARTEIIGR R AEX KA 0. 995, EasEZIREMZE MR 2 % &lE. MERZRTE
Je B PRAGERZZ /N 10%. A @ 2RI ERBUBRI G L, SRERATAE XAD-2 NS IR YE &)
diw-Fluorene & di-Terphenyl, LA T fEAESRAR 7> HTil A oAk bl 2 TR I8 525 5%, LMD 20l 4
118. 7+8. 5% 109. 8+2. 6% Fkdh B ELIEFE [FIRHBININ ds-Naphthalene, di—2Methylnaphthalene,
diw—Acenaphthylene, dic—Phenanthrene, di—Fluoranthene, di>—Benzo (a)anthracene, di>—Chyrsene,
diz—Benzo (b) fluoranthcene, diz—Benzo (k) fluoranthcene, di;~Benzo(a)pyrene, di;—Perylene,
diz-Indeno (1, 2, 3—c, d) pyrene, du—Dibenz(a, h)anthracene & dis—Benzo (g, h)perylene £ 14 f& [N
AR N, L RIACR 2l Ay 33. 518, 0%, 45. 649, 6% 55.8+9. 8%, 67.0410.2% 61.4+7. 9%,
66.849. 3%, 71. 1£10. 6% 58.4%11. 0%, 65.8%9. 7%, 67.0£9.9%. 42.948. 6% 80.6+19. 4%.
84.7£10. 0%/ 72. 9+ 14. 7%, HARMAIEAEA LI 100 BoAh, ZIRITHIRERM R BT, W
AT IR AR E S di-Acenphthene. di—Pyrene K& di--Benzo (a) Pyrene flIF, [l 7)1 &
73.0%8. 1%, 61.3%9. 5% 60. 68, 6%, (LA INE RAERER d-Anthracene, [Ali
Ay 75, 318, 0% 4 FAHEEAR S E R 2 IRI7 BRI IR, S8/ N A BRERAH A IR L B 20%.
&SR, BURZIRIFERITEA RIFMESR.
3 R B am
3. 1 EEHH 2B

AT By S R = AR R i, EARs Y AR E R, K2 IR R RIS R R AR
15 . HERCE EHF RIS RINR 1 7R, 20 A58 40 A5 J 60 2431l B IAKER BE, 73 7 %% 395,
632 J 757°C. BAFEIBCR Y3 4 280, 360 K 506 KW P45 BELAL (i A B B AR L 543751 4 0. 012, 0. 017
J% 0.023 kg/m~s. FURPIIESE, 5374 16, 151 K 366 mg/m's —AALBIEEE, 4% 3. 27 K 82
ppm. —EALEREE —EALBRELE, 43045 0. 014 0.03 & 0. 04, &SRS E 8 e, #Hib
ABERCR b2 TR, S P RRLRY) YR RGN . EAMR e A, Bl uh A RURE S N B

R PERFHEBORR 28

Table 1 Relative sampling parameters from exhaust stack

20cm 40cm 60cm
WL HE S (Nm'/min) 123 136 103
TR (%) 1.5 1.6 3.1

SR (C) 24.6 25.2 67.8



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

WBEE (C) 395 632 757
RRECR (KW) 280 360 506
padR (kg/m'-s) 0.012 0.017 0.023
—% LB (ppm) 3 27 82
C0/CO; 0.01 0.03 0. 04
RLRY)  (mg/Nm') 16 151 366

3. 2 JE4R " PAHs HEREEE

ANTEDRUBE i 8 S R BRI S, AR 19 FE 2 IR H IR A E AR E IR 2 R, &5 REUR
4R R 22 B 75 A I ) e P Wil R R 3G N 14 0. 20 A0 40 2843 F 60 2 43 it B3 JE 4R 22 3 75 A I e
Iy H s 537, 2469 2 3075w g/Nm'e AFRAE 20 AZr. 40 A EUE 60 AR, EMERS A L, B
AZEITEREESAAEREM, FMERTERMBEZIRITER (BEH+SHM) B 93.6 3
96. 2% FE/NIERZ KT B IR R R LUEIAEAE LAY IR B Yang 25 A (1998) [ 92. 0% &% Mu %% A\ (2013)
[1793. 4 2 96. 0%HHE . [ 1 %5 20 2 60 A0 A FEEMAEEARE, JER b 19 MM 2 IR HIRIRES
BHE . A4 HEE# % Nap. AcPy. 2-MeNap & Acp, Mt 2 R 3IBBEBEER, KM LR
RN 73,1 F 84. 6%, FAMAHE TG R F 2 2 6 REB T HERAMIEE, W2 523 6 RE
B ERSEA WA MEE, BPER 2 BUZRSEREE LS E, M54, 4% FFF2 35. 9% b
RPEERIN> . 3 B2 30. 2% EFH3) 37. 2%, 4 BEry 10. 5% EFH3) 17. 7%, 5 FR1 3. 6% ETH3 6. 6%
6 BEHT 1. 2% BTEE 2. 6%, ANIREUR 3 EBRE 6 IR, BESEEI IR, R AR A R Rl U
Mg, SRR E LR ER (32 6 IB) SRINFEZ I, FRBUR KR ERERE, wEE
B2 BRI = () 2 IR 5 TS G, B AE DOERE R DA R

2 S PARIE R PAHs HEBOREE (ug/Nm')

Table 2 Concentration distribution of PAHs (ug/Nm’) emission from exhaust stack

20cm 40cm 60cm

PAls I A S I A S [ A S
Naphthalene . 315 245 1.00 798 1. 08 866
2-Methylnaphthalene .072 46.9 0.124 295 0.155 236
Acenaphthylene . 196 99.2 0.402 420 0.395 474
Acenaphthene . 005 1.81 0.012 10. 4 0.011 8. 56
Fluorene . 161 20.5 1.25 139 1. 05 170
Phenanthrene .36 27.7 22.8 212 22.0 354
Anthracene .23 6.83 6. 74 54.9 6. 14 107
Fluoranthene .09 15.2 20. 6 105 20.4 184
Pyrene .11 13.9 22.0 114 22.3 196

499



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

Benzo[a]anthracene 1.86 4. 05 5.72 34.6 6. 90 58.7
Chrysene 1.91 3.83 5.28 29.1 6. 49 49.6
Benzo[b]fluoranthene 2.09 4. 39 6.27 3.60 7.42 63.6
Benzo[k]fluoranthene 1.07 2.28 3.51 16. 4 4.02 26. 2
Benzo[e]pyrene 0. 696 1.60 2.39 11.9 3.00 19.0
Benzo[a]pyrene 1.51 3.45 5.30 29. 6 6.51 50. 2
Perylene 0.511 1.08 1.64 8. 42 1.93 15.2
Indeno[1, 2, 3-cd] pyrene 1. 06 2.30 3.33 21.8 3.85 41.8
Dibenzo[a, h]anthracene 0.225 0. 482 0.525 3.49 0.779 5.78
Benzo[ghi] perylene 0. 998 2. 16 3.18 16.5 3.84 31.0
Total (ug/Nm’) 34.1 503 112 2357 118 2957
AH PAH/ 48 PAH (%) 6.4 93.6 4.5 95.5 3.8 96. 2
50 m20cm m40cm m60cm
3 4 m20cm W40cm m60cm 60 | saa
T 4 9
g3 T 50 13
-g 0 g 40 35.9 35‘137‘2
3 ;g v 0.2
2 "En 30
Z 10 £ 20 s
gL 5 - w5 o
I 516
’ oo > 34gd  aEeLearnga E 10 3‘6 12 13 28
5%25“—“4 n—&ﬁﬂm%ﬁ&é'ﬁég‘, 0
E 2-Ring 3-Ring 4-Ring 5-Ring 6-Ring

1 AN [A RUBE inh 2 S A B S h PAHS WS B0 AT

Figure 1 percentage of PAHs from heavy oil burning

2 AR RUBEI B B A GEAE S 2 B 6 3R PAHs & BE3 A1

Figure 2 Percentage of 2-ring to 6-ring PAHs from heavy oil burning

3.3 PAHs HEHABK

HEBUREL (emission factor, wg/g) BLiGYMIRAE (ug/m) HBR—IRIFIFERE, AT H2FTAY
155 N ER S A E % (Oann et al., 1999) . {HIEH LAHEBURASEE p /. HEBUREGHE
AR
HEURE (ng/g) = (JESIEMEE (ng/Nm’) X #FE (\Nm'/min) X K] (min))

+ ElHHER (9

3 % 19 M2 IR 05 & R AEAN A R A I HEBUR S, Nap. 2-MeNap. AcPy. Flu J% PA %%
&EEM b FEZIRAHER, L HMZIRITERM 69. 1%2] 82. 8%, WA & Nap. 2-MeNap K& AcPy,
20 A5 B 40 2353 # 1) 2 3R 05 B IR HERUR B, T 60 A 43l A HEBURBCUARTA 20 A4 K 40
A5, 20 A% 40 A58 J 60 A5 IABHEBURE 53l 3752 1w g/g-oil. 3416 n g/g—o0il K&
1321 ng/g-oil, ZIRJFEREHBUREEE RGN . A0 RHUREEL Evans 58 A (2001)
JE IR BEHE R YL 1020 1 g/g B 5240 b g/g AHE: {HIE KA Yang 5N (1998) Sk HE i AKER) 3. 97
wg/g M LiFEN (1999) SHpEEIMPAKER 13.3 v g/g. BURAEHIM (B RIRED BIRBEHEBUREL
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T ey 4 A R R AR TR B

F 3 AN R 8 SR e PAHs HEURE (ng/g- oil)

Table 3 PAHs emission factor of exhaust gas from heavy oil burning (unit: Bg/g— oil)

PAHs 20cm 40cm 60cm
Naphthalene 2095 1105.8 343.9
2-Methylnaphthalene 401. 4 408.9 93.5
Acenaphthylene 849. 4 580. 9 188.1
Acenaphthene 15.5 14.4 3.4
Fluorene 176.6 194. 4 67.7
Phenanthrene 274.0 325.4 149. 1
Anthracene 68.9 85.3 44.9
Fluoranthene 199.0 173.3 81.0
Pyrene 184. 7 188. 4 86.6
Benzo[alanthracene 50.5 55.8 26.0
Chrysene 49.0 47.6 22.2
Benzo[b]fluoranthene 55.4 58.5 28.2
Benzo[k]fluoranthene 28.6 27.5 12.0
Benzo[e]pyrene 19.6 19.8 8.7
Benzo[a]pyrene 42.4 48.3 22.5
Perylene 13.6 13.9 6.8
Indeno[1, 2, 3—cd] pyrene 28.7 34.8 18.1
Dibenzo[a, h]anthracene 6.0 5.6 2.6
Benzo[ghi] perylene 27.0 27.2 13.8
AUHERUR B 3752 3416 1321
3.4 FRMEHAI

ZIRITE I ARVE AN E 2R, A BIRARUE, WAk K Sl KL 9%t rT e N Aid el A,
A S R SR ROR SRR EHE —TE G EE R E AR, [FIIRYIEER] (diagnostic
ratios) JE—RUFMIFE, AT LAHRM 215 FW2IE a4 € (Lima et al., 2005; Ravindra et
al., 2008). H A= EE KRB E L2 IR TFREIRDIZE L EEE, HERD. £ 47K
WL, FEMREE 2 IR0 RS R 2 B LUl , 45 SR BUR BaP/BghiP. BaP/CHR. Ant/(Ant+PA) .
FL/ (FL+Pyr). IND/(IND+BghiP) J% BaP (BaP+CHR) Z¢[RIEMILUAL, % 20 A%r. 40 A4rJ 60 A5rA
[ N v A R, LT ME 2 504 16540, 09, 1.1040. 08, 0.2240. 01, 0.49+0. 02, 0. 54
+0.03 2 0.5240. 02, HURFEEAZETECE, EEAH, S0 KEESA RISk, s Rl
REIMEE R, 2R ERARIGEY S 2 2%
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X 4 PAHs [P LG 72 B 1

Table 4 Diagnostic ratios of PAHs congener

20cm 40cm 60cm
Diagnostic Ratio [l A6 SR e [ AR e SAH e [ 46 SRAH T (R
BaP/BghiP 1.51 1. 60 1.57 1.67 1.63 1.79 1.77 1.70 1.62 1.63 (0. 09)
BaA/CHR 0.97 1. 06 1.03 1. 08 1.17 1.19 1. 17 1. 06 1.18 1.17 (0. 08)
Ant/ (Ant+PA) 0.22 0.20 0.20 0.23 0.23 0.21 0.21 0.22 0.23 0.23 (0.01)
FL/ (FL+Pyr) 0.51 0.52 0. 52 0.48 0.48 0.48 0.48 0.48 0.48 0. 48 (0.02)
IND/ (IND+BghiP) 0.52 0.52 0.52 0.51 0.57 0.57 0. 56 0. 50 0.57 0.57 (0.03)
BaA/ (BaA+CHR) 0.49 0.51 0.51 0.52 0.54 0.54 0.54 0.52 0. 54 0.54 (0.02)

3.5 BEEER

BRI E B HARBUR Z R RE N NBAENEE, it E ER T (toxicology equivalent,
TEQ) 27w, IHH LA BaPeq 2 EAEREIE E BAatE . A FARZH Nisbet K LaGoy (1992) Frf i)
ZRAERIBEEERY RSHEAR R MR ERE, MR h 2R ERNETEER. B3 &
AW FUA R RS 42 1) 2 A b A e PR ] R R 2 BR 0T R R E B B BN 200 40
F 60 AN AE 2 IR IR R E R, 2% 8.2, 55.2 2 89. 1 BaPeq- ug/m’; & FEURIE
RHPEEZRSFRENE B UER MM, s SR SRR EE T3 1. 723 BaPeq
pg/m) Mu et al., 2013) . [Nuk, BHEAEGIR (FERMEED HEMREIHRN 2 BRI &%, HA
FH IR EG P B 52 AN ] 248

100.0
80.0
60.0
40.0
20.0
0.0

Total BaPeq (ug/Nm?)

3 TR ERBEEACD PALs BEEERAA (0, G R T ARIRER. SUHLMR)
Figure 3 BaPeq distribution of PAHs from heavy oil burning

(P:particulate phase, G:gaseous phase, T: total)

4 &R
AT A EE B AN FUR B AR A B eIl AE, S R 8, DA AR 2 T
AR R 25 . JERT TR RS A, Eh AR R BE RS I R R, PR T S EORLAR
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W) Je— S BRI FE RGN oSSR rh AR 2 BR D5 B I HEOREE, 1 20 A 4r W 881K 537 1 g/No' 34113 60
NI 3075 1 g/Nm'e MR Z RIS R T ER DS AT, A0 93.6%F) 96. 2%, 2 IREIEITFH
fe B E o LA R R N, (H 3 B 6 IREBBRTE A AR, RIBE RGN,

BUR KR G AR IR M 2 BR07 &5 4y, BB DURR RN DER . B s R A
R, AP I 2 307 IR HEU R I, FE RS i ysicb, 4 20 70 3752 ng/g-oil T FEE
60 431 1321 1 g/g-oil. BbAMES BaP/BghiR BaP/CHR Ant/ (Ant+PA), FL/ (FL+Pyr). IND/ (IND+BghiP)
J BeP (BeP+CHR) %5 2% B 77 A S 15 e WIAE [l . SRAH S B R s i b, A RAFR)— Bk, w1
BRI E RN E NS EIRE. AR, B =MRENBEERNZRTFREMESR, 1
B RS ag hne PRlbE,  RRUBE B R BT A AR 2 BT B ki e, B ANRHE R R 8 R
fiT B A ] A

SRR

[1]California Air Resources Board, 1997, Method 429.“Determination of Polycyclic Aromatic Hydrocarbon (PAHS)
Emission From Stationary Source.

[2]Chen, K.S., Wang, H.K., Peng, Y.P., Wasn, W.C., Chen, C.H, Lai, C.H., 2008. Effects of open burning of rice straw on
concentrations of atmospheric polycyclic aromatic hydrocarbons in cnetral Taiwan. Journal of the Air&Waste Management
Association 58, 1318-1327.

[3]Estrellan, C.R., lino, F., 2010. Toxic emissions from open burning. Chemosphere 80,193-207.

[4]Evans, D.D., Mulholland, GW., Baum, H.R., Walton, W.D., McGrattan, K.B., 2001. In situ burning of oil spills. Journal of
Research of the National of Standards and Technology 106, 231-278.1SO 9705, 2003. Full-scale room test for surface
products.

[5]Lee, H., Wang, L., Shih, J.F., 1995. Mutagenicity of particulates from the laboratory combustion of plastics . Mutation
Research 346, 135-144.

[6]Lemieux, P.M., Lutes, C.C., Santoianni, D.A., 2004. Emissions of organic air toxics from open burning: a comprehensive
review. Progress in Engery and Combustion Science 30, 1-32.

[7]Li, C.T., Mi, H.H., Lee, W.J., You, W.C., Wanh, Y.F., 1999. PAH emission from the industrial boilers. Journal of
Hazardous Materials A69, 1-11.

[8]Lima, A.L.C., Farrington, J.W., Reddy, C.M., 2005. Combustion —derived polycylic aromatic hydrocarbons in the
environment-a review. Environmental Forensics 6,109-131.

[9]Lu, H., Zhu, L., Zhu, N., 2009. Polycyclic aromatic hydrocarbon emission from straw burning and the influence of
combustion parameters. Atmospheric Environment 43,978-983.

[10]Mastral, A.M., Callen, M.S., 2000. A review of polycyclic aromatic hydrocarbon (PAH) emission from energy generation.
Environmental Science and Technology 34, 3051-3057.

[11]Mu, L., Peng, L., Cao, J.J., He, Q.S., Li, F, Zhang, J.Q., Liu, X.F., Bai, H.L., 2013. Emissions of polycyclic aromatic
hydrocarbon from coking industries in China. Particuology 11, 86-93.

[12]Nisbet, I.C.T., LaGoy, P.K., 1992. Toxic equivalency factors (TEFs) for polycylic aromatic hydrocarbons (PAHS).

503



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

Regulation Toxicology and Pharmacology 16, 290-300.

[13]0anh, N.T.K., Ly, B.T., Tipayarom, D., Manandhar, B.R., Prapat, P., Simpson, C.D.,Liu, L.J.S., 2011. Characterization of
particulate matter emission from open burning of rice straw. Atmospheric Environment 45, 493-502.

[14]0ann, N.T.K., Reutergaron, L.E., Dung, N.T., 1999. Emission of polycyclic aromatic hydrocarbons and particulate matter
from domestic combustion of selected fuels.Envirnmental Science and Technology 33, 2703-27009.

[15]Rau, J.Y., Tseng, H.H., Lin, M.D., Wey, M.Y., Lin, Y.H., Chu, C.W.,, Lee, C.H., 2008. Characterization of polycylic
aromatic hydrocarbon emission from open burning of joss paper. Atmospheric Environment 42, 1692-1701.

[16]Ravindra, K., Sokhi, R., Grieken, R.V., 2008. Atmospheric polycyclic hydrocarbons: Source attribution, emission factors
and regulation. Atmospheric Environment 42, 2895-2921.

[17]Reisen, F., Meyer, C.P., Keywood, M.D., 2013. Impactor of biomass sources on seasonal aerosol air quality. Atmospheric
Environment 67, 437-447.

[18]Ryu, S.Y., Kwon, B.G,, Kim, Y.J., Kim, H.H., Chun, K.J., 2007. Characteristics of biomass burning aerosol and its
impactor on regional air quality in the summer of 2003 at Gwangju, Korea. Atmospheric Resaerch 84, 362-373.
[19]Vassiliadou, 1., Papadopoulos, A., Costopoulou, D., Vasiliadou, S., Christoforou, S.,Leondiadis, L., Dioxin contamination
after an accidental fire in the municipal landfill of Tagarades, Thessaloniki, Greece. Chemosphere 74, 879-884.

[20]Yang, H.H., Lee, W.J., Chen, S.J., Lai., S.O., 1998. PAH emission from various industrial stacks. Journal of Hazardous
Materials 60, 159-174.,

[21]Yang, H.H., Jung, R.C., Wang, Y.F., Hsieh, L.T., 2005. Polycylis aromatic hydrocarbon emissions from joss paper

furnaces. Atmospheric Environment 39,3305-3312.



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

TR RORL S A BT B R BB R Ay

(/. Martin Seinpenbusch? Gerhard Kasper?)
1 &, i, 310018;
2 Karlsruhe Institute of Technology, Karlsruhe, Germany,76131

W B GOREUR AR S0 R SR AR i OO 2 AU T AT B LN AR . AR SO
TRk %2 NANOPARTICLE PROJECT SE58F- 6, X BHAS [F) ROBE 1 UKL 52 G4 B 1) 43 Bl i 22 AT S Bl &2
TR XU 2R SRR B)) ) 2 A R L URLBE [ 2 LSBT BT . SR8 R R AR RS B RIS
T AT AR

K TGOk A, WE; BrEsa

1 85

YK RUBERIORE FH T E A4 BER DA B ORI B3 s 1) B B, HOMH A0 AH B A R L BRI 583853 N
Z AT BB NS . SAH A TR ORI R e, ROk RO — A IR M\ RS S B 2 AR X 4
B, BORRARN THROKEHR LY, SRR — BT UE AR SRR3R, 7R X BB
ARG EAAE T, AT LR 2R P R R S (H2, 5EMZHRMARNE
AR, GKREURL 2 AR U 71 5 T P9 25 R IR R RS R LR A5 DA K PN R 2 52 e S PR B 25 A8 1
LA R R FERE 73 A 5 S ARIR BN AR OGO 2R, I8 S P 38 IR B0 B R [ 45 5 A0S« JE 2 T VAR B K
SR BE T i sHUAR « R0RE B SO B[ AR B A8 5, AR IR 3% 32 B AR RO 58 BIORE R ek ey kA i
M5 2 HERIURE 28 458 A F )[R 3% A P25 0, oK 0K 22 AR 58 SCRT AL S DY TR 45 ) R 9
ERLE, - G KSR 22 AR FOAF AR R R M S S 2 (1]

EEZKEN b, JET IR ARSI e DL T gk Rk PR 55 2 5 7 1 (1) Ak il 5 i, A A
CEEHERE LR NAMAZREITE LT, SRR AR 25 S H B A% 36 DL SR 23 SR I AR WL A T 9T
FGEAR GOK RBE RN 5 G E K2 i P58 o () I 1] 1 48 v A Tt 2 DA B it 1) 0T R v 738 AR P 5
Wi, 45 0l A2 B A ORE B [T UAR 26 5 BE T BRI B ) G R o (H A, kL H AT, 782 AR & 7 1H
B RHZ I A S T o e, AR 2 A DA A S Bt 9 (R AH ELARIE T T, /D AH SC AR 5
B EARIR AN SE E I e IR ARAE K, ©4 R Bh TR KA ARG K BURL Bl 172 5 TH Y &R
ZiiF 5% (NANOPARTICLE PROJECT, 2008; Nanotechnology White Paper, 2007) , HHA/DHI5RE
PEH T AHSCE B B oM vk (2, 3], (HAE, EFXT RIS N I BUE T AT SR A, IR
it BEATAH AT R A

BT BRAEAE RS, ASCHKHEHEE Karlsruhe Institute of Technology e sige e B (KK
NANOPARTICLE PROJECT sEEe3 ), KM H il &gk BN 7 B R Gt DL K R S5 A3 = AR oK &
MR BLRGE, SR RBERIURL CE RSB AR AT T R 7T, 1R H 1 B E xh fiks
DU T FEBAS 0 A AR S o 4 SR A 1, 45 H 7 38 3 s e I 2 25t 5o R AR YRR AT i
T T

505



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

2 SLIHBE

ATM 220

Flush air

145 lpm yy

130 cm

Wi 007

4.8 Ipm

100 em

Ventilation inlet

or exhaust Fan —

<=

1 S E R

A I AE A T4 [ Karlsruhe Institute of Technology KK NANOPARTICLE PROJECT SE
WP LT, SR E R EmE 1 R, Bl X X2 03 e B e, Bk LA
YIAKRLLL S DEHS 1 S BRI I, BRI &I 32 00, B R 5 A B e el — R
LRSS . SRR RGEAL, AT LA R DRSNS E S RASEE TSI AF BT SMPS

(TSI 3080) LAKf#[E WELAS 2] = PALAS (WELAS, Palas Promo 2000 with WELAS 2100 detector)
AJ DLLE 20 R RRE v A 00 o s P XU e il H R 45 o AESCIREAT AT, A P E v i
IR 2 RN B FEAI T 208/ cm3.

S R - KRR B R B R A, SR TR AR YR SR (4] o BRI B AR N 4K AR T
IR DA SRR B0 P AT DL d ok 5 780 B R AT 5] . SRR R T SO REEROKR, B Topas
Aerosolgenerator ATM 220 ZAb &A% =4, REEIERHESE CPRAE, WREL w2 did
W AR ARSI SI R I 3ET . SRR BN ER, I R B AR R 4. 6 ppn, i8I S K5
SRR 4. 8 ppm.

3 HERl

BT, PR R0 A 2 B A ) B UL R G, 7E PR EE AR 2 . AL,
TEBCHR BT, ACSCR A AR F R G g R 7 R, SRR S B R G BT 8L
R IR IR EIEF% R, JCHR RGN MR R B, EHCARR T, W
Ji R I B LA PO, bl T SO vk P SRR BR Ak T VR A RS, R I Ak P f0 50K 22 G T
LA AR 2 5T B 50 A T s A i AL B . DRIk, BEXTZ RGBT, W LK A4 R
EZ L



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

BT DA EWRIR, B0 oK R RORL 5 48 RS 1 s A MR AR ) O A A

aﬂ'(y tj J. Blv—v' v )In(v— v, tn(v', t)dv' —n(v, t]J. B(v, v In(v',t)dv’
7 (a.t)
ﬂ( tj + I r}Fl‘l+a gt deposition
(L

o, 7008 SR g kA Y UG RIORBOR B  E (dw/d1ogl0(dp)) o TR, BRI ZE R

SR IURL 245 N BRI T S S BRI B A AL, 58 = I bR IBURL e TR B KR P 7

B RS SENBRA R, SIUGR RSt T SRR s R S8Rk, 8 IR R

VEIBURL 2, S T A R T Eh LU S B S BB TR . MR, B R

LRGN
dp [19, t]

f B(v— ', v)p(v — v, (", dv’ —p(v, rjf B(v,v"Yp(v,£)dv’

+ f ylv—v' v )Inlv—v, t)p(v', t)dv' — p(v, t) fﬁ (v, v )n(v', t)dv' —

dplv.t)
— plvt) +—

IJE.I.f

deposition

(2

S, POV E) i g ol E AL T 7 2 KR P ISR RO FE 3 1 o 7 R A DA T S50 AR 50 2%

G519 B SR RO B, 5 = ORI P SERAE K RUSE R G5 54K R BE R oA EL e )

T, 7 R R P4 A o R R R SO MOk FE 25 FE ph1 T % G0 X RO IGUE 76 B T YUAR S 30078 14
T R G I I 7 1 sk AR, FE3RIDUR G T A F LA 5 S50 P s g L

WAz, ARG, BIAAKITERRR (D A (2) Rl *&@omgﬁﬁﬁﬁﬁﬁz

g Ny
C=w, — N Xy Vi P — DMN + F; K"‘

dt v r:!r deposition
®)
dpk Zn:}kh}NF ZTEJ{NE_%PK_F% N
i=1 =1 deposition
i=1
(4)

TR (3) A (4) th, MHXABEN:

_leﬁu”éi k=1
CI'.; —
) ZXE_JJ{JBE_J EN NkZﬁzk”z-’ k=1

i=1
j=1

507



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

_Plzﬁilpi: k=1

=1
g, =11
EZXU"“BUPEEJ'_szlgikpii k=1
i=1
=1

i=1

Vg, — (_vi + v}')

Jif v v F U Sy,

Vreg — Vg
Xije = [v + v-)— v
i J k-1 ,
:I-f 'Uk_i E E;IE' + 'E;'}' ::_: t:'k,
Ve = Vg
0; else

FEARSCWIFCN, B GR R RURL R 48 LA SBOR R BERTRL 22 48, KA A 2> X5 (1) F1(2)
oxp, Yo = Pu, Xike = M,

4 ZREMT
4.1 BEfingh R AGE IR R

HAT, B RK RBERURL Bl ) AR i AR, B3l BA K Brownian 47 B S BURIEE I
REEDAKF BRI KRB EFMZ MR FC,  BORLCERE AP R — BAC BN AT
FURE RUEE RN R E (A, FEST XSGR R RUREA K ST e rh, ORE 6 5 T 1) JOR M T B T
T IR« UL A TBORFE LA SURE R 20 A1 S B Rl B AT AT 5T, ASSCR A SR8 1%
e BT AR R Al R SRR BE IR R . ARIERANTCA 4 R, BEAR SRR EORE
T 1. ed#t/cm3 B, BURLRSEth B3 BUBUR B R AT LLAIS . fERRTEOL T, WRAHBE RS
B T B AZ e LA BHT B R A IRRRE A BN, D 2R e A AR JEE AR B 77 1 R A2 A 3 I LA
N ELR HUUREBE TR R

BT B, B PRt G b, RS- 9oRBR BUR gt DU R GE, Xt
ARG SO BURLAE B A OROAEAT I T AESCRR 3] ROWE T, $2H TR RN 3Rkt
SMPS BT I S At AT AL B T 2o (B ZITVAE B R, BONR S RSO TCH, 1 5ERYE
IR, AR PO LER AT I S i A RORL SR P d A T AR (6]

% = —(Bas + Brene)N;
(5)

Jite NG SRRy i BRI E , P A Prene. 27 R ph BE TR DA KRBT S B 3515

FH SRR g, T Prene y— %, TR, HUETHE (5) NI,

In I,Ni_[t+_"|t'_‘|
Nt
Bd,i. = ﬂ—:: - Event.
(6)
MR A 3T 2R, IR, R Est s Pasiesd, M FikRisR,
I L+,
. 1
. Ej:a_'~ tai Pyent)

Bd,L - im

YP)



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

Hor, jONEREARE, ts o RIEFT T (1358) o P& 2(a) A AR A 4 9N K E0RL AN 5544
FRRNR A RGNS R . B 2(0) s R A S TP #5403 7 00L& Hussein et al. (2009) (14 5 /)
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TR KA B8 R AR S IR AR T RE S, SRR IR 2012 4F 12 H 30 H-2013 4£ 1 H 8 HAI1 2013 4 1
H 27 H-2 A 1 H. RAESEBELRAS IR, RABCRHZ D s b iR Fbe s 1A SC g (203
mm>254 mm) o SREEHAIEEICREE AR, BECKSE 1150 (R4 9:00 28 | 8:30, M b 21:00
2H RS 830 .

2.2 FE AT A B AR A SRR T

ST P2 SRt RS AT AR RS AR ] . B 1/4 RFRIS, #BTA/INE A, 2Tk
REFEAEEL, FH 0.4 pm FLAR (1) SR BRIR e I el B R 41 4 R JE I 9812 © 101, 19 3R BRI . Mk T8
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RN AR LSRR o A SR IBGR A 7K R B2 5 AT S RAE R — BB RN, 7
ME 10 'C. 20 'C. 30 C. 40 “CHNRRU/KIBIREE, A SEHUEFRE QISR LEFEATHE RS S A]
Xof S B 458 SR IR AN % PR SIZBG N, A (7 A A5 R AR /K IR B FE IO 00 R 5 40 B A 45 min., 25 miin,
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2.3 J5E S i A SE IR
2.3.1 WHE 66 BV SR A S vt

SV 2 6 6 B ¥ 2% S A LA I FR S A S5 Ca 75103000 52 /KORE mY B 8 1 2 T 9 ek 71 e B 10 120 i
fili b, A4 MLT. Latif (R 780, ook 0 W 0 D00 BEVR IR SR o« LR HEAT IR0 IN 8] S5 A S BRI
H AN — B (B SRR RE S B ZEHCZ S5, 20 & 0 miny 15 min. 30 min. 45 min 1 60 min J5 7
Pk 652 nm I E AR R PIROGEE o ZEREAT W R R I A I ON B SR A SRR B, T D [ — B[] SR
AR R PO 473 (R — R B2 (R PR B VTR (3 pwmol/L) 43 il 0.5 mL o SI7 HY & VA VRUORT 0.5 miL R4 T
WV 1 mbL PR VAR 1 mL B VAV 1.5 mL AR FE R VAR 1.5 mL R S
WV 2 mL R SRR 2 mL R VAR, A 2 RS B TR, W ST o
.

2. 3.2 ZER I IR F A LR B

WH W OEEE TR B 2 REEI, HFRERER G AR, B, e B 7R s R,
—LERI 5T O 2R N B A5 . Shoji Motomizu £\ TR S R I 5 B 8 132 T i 1k 7 BH
BT Raft, CEEREARMEG, EHTIE ppb ZOKAHF B R TR IEER . 5 HE
S IEICEEVIAHE,  LHERE A TGRSR ) 40 mL B SER P I G B AT, TR GBS T 4
AW, B 10 mL BEZRIEF— R MR, 7325 7E 615 nm 3K N e A RO . 50 4%
PESEEG WA R, 2433 I () 25 AR A TR A, Stk A ) — B TR R O RE i BB 2 5, 433
JCE 0 miny 15 min, 30 min. 45 min 1 60 min J5 ¥l & KGR . 7E3EAT 2,38 50 77 H X RO BE 5
M () S5 AP SR B, 1 2 1 ) [R] — 5K SRAT MBS E 1) D 3 o5t R[] — R FE AR AEVA R (3 pmol/L) 1
PN 01 mLy 0.2mL. 0.4 mL. 0.6 mL ZFEEIER (0.49 g/L). HHT LH5E FH BN i Sbn
W AN, FHRE — A28, 2% 0.1 mL. 0.2mL. 0.4 mL. 0.8 mL ZFE4VEMN & [H—
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G SRAF B HR A DU 0 A 5 A ) — R S OB AR A (2.5 umol/L) o 1% 71 7 B NS Bh iR, 3t
THo AT 4l B TR BE e B S B0, AR RIUE SRE0 R — AN JE N, e =
HSeE, FB—HEE pH=5 1 HAc-NaAc ZMal it mA &9 0.1 mL, 0.2mL. 0.4 mL. 0.8 mL, 2
TV E EDTA A E N 0.05 mL. 0.1 mL. 0.2mL. 0.4 mL, 55 =45 ERBRINER I
#AN025mL. 0.5mL. 1mL. 2mL.

3E&R 5SS
3.1 R IR TR R SRR
3.1.1 R Al b B &
(1) HBHEHRGAR

HFE 1-a Fiosal s, 2 EC R O B 2 TS P 5 AR P B I 3% AR () 38 R 38 m o 7 AT
BUN, IRGBCRAKR, HETRIEETEY NG5S 2 AR . BRI PR 505 ] LU (R T 2 11
BH 257 TR VE PEVD T AR 3 0 AR, DAIB/N SRR AR 22 o AR SIG 52 S IGAX AR (R PR, R P T e
RIRGANEN 40 Hz, Kk, 4% 40 Hz NI EIRG IR .

(2) S AR/ TR

7 BRI PR 7R I S A R i IR GBI B ) — D B 3 e 257K IR AR 30°C I, W
6 PRI T ROk, BNRIGR B R IE Y AR 2, A b REEAR, BT
RIMEVEF IR, AR TIRBGE R . dmiiR g SECENAR, S8 5 ) &
o Behh, EFRBOLRET, EAERFE MR ENRE, Bk, d &R SRR K B
orMrai R WIRES KRN, HERERGSKIHREZ N 30 C,

(3) 7 SEHU 8]

WA 1-c fro, @ SEUR RN 25 min i, TR RE,  BAES TARIRNE PRI RR fE5€ 4k A K
t, SEE PR . 5O Al 35 min I, R A AR R BE B KR IR T, G RV
AN, M trai R DI, ZE$F 30 min ¥k A= SR (8] BONIE H .

3.1.2 B E R A

JHCE 0 min FIFES A PUAA KERKGAE, BE 15 min RS EIE, ARTRICER
W5E . TBCE 15 min LA ERORE S, PIERILIAS BRI A77E . S0E RKIN, TERCE 45 min BE K
8, EWOEEEARALIEE FEAK (nfE 2) , HCE 60 min [FESIBOCRERIAT N, AT AEDR NS M
i B/ B MBAS B R0,
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3.1.3 BEFIMAE

T H e VR, BN 2 o v RO BRIk 5 b 0 R S VAR, PRV B I B S
B3, & 3-a 1 3-b HIBAAAR R AR AR . M B EFIIMAENT 2mL i, EoRFE
AR DM =i FE 3 pmol/L FARHEVE VR B B 1R TS T B 58 2 R AR 466 IS, AN REIH
AR R. W 3-a fiw, HEEFMARERT 2mL B, S0 Z2BO6EREENRN. HiE 20
BAAFSIR AR IOGEE, DIECT R E, ikl 3-b. Fik, %132 mL B SER S
FI 1 mL AP B S VA VRRT 1 mL BRI ST R VAR A
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TRV FE AR T VA AR AR A /KIR = T 30 CIY, A AR REE IR 1 &1
GBS T RINETER . SRR BEAE 20~30 C IR, jEE A  AE f e A 2 A EH 25
TRIEEYI UL A, HROC AR EEAN K . Rk 30 "CAE v kg K ik R 4R 7K i

R

(3) 7SI Ta]

SR N R, RFEE BRI IR G A e A, KM TR REVER R AL, T AR A At
THEARE, 4G RNHTEEL T mBCAL4R &Y B 7R 45 & VY U A BE A B R IR R TST, AT
A RGP, MREE A K, 2 MMRPERS TR, BEAKM, EZREEY
RS QI N, N T TR LR A A, AT A B IR e A e
BN, FEUKMF R R R AR IR T, ARG EVAS (177 B4E 5K Da LA
N, e TR E RV PR R R AE S LA N . A, dE ML T Latif #F 5,
EVAS AR BEE & TEHI . K 18] AR A SR U M ANA T EVAS B0II5E « WilEl 4-c o, il S B
[A]#£ 25~35 min YL A, IROCEEREONRERE, AL 30 min {F vk tEk A= SRR Ta] .

3.2.2 TR E R TH]

CHEE 5 B8 13RS PV ) S B 5 AT WL R A U RS w] ALEART: R A R I 2B AT 12, (ATt
CFEEL I OO FEVE O P AG RE P 7 B I 1) S O R A e e VAR . AESEIRHE T R, BARTEK
SR B R AR WS BTN, (HAE S %1, FE 30 min J5 FEAHROEE A FaE -
RO ERE JE, SRR E, WK > B LTI EVAS 2R SMBOLHE, 3
BOROCEE TR, HCER (AT 45 min, HERARROEE SUER, BV K [ RCE, P sz
M L5 5 2T EVAS TR T R & T4 S VI sR AR - EVAS B T4 e b, /=
E PPN, ER AR ) B BEN T HERAADS, N EVAS (ke E PEsE T MBASIE 13,
KIMIIA EVAS BARD, WM NG INFE R o8 T FRIRRE . R, FR A MIROL E 2 LG
K.

3.2.3 BEFIMAR

A1) 40 mL AE R BGR NN 0.2 mL Z B HIN, ARuE RO A Bl KA, Wil 6. Hh
FUMANBAR, RMHHMTAES, REFIMARD R, 25 AR SOE S, 513 FR R R TR
A PG TR SR BUE P (B & 7 R S TR FE B HEOR AR, By B 4%, UfAfEd £
(S TR, RS AR RIS R T N B B 7 R S PV S £ 38 R il s B A7 5 7 4 S R Bt T 4%
PF, BE BRI R AT ELE B T 45 B YT O R B (7R At T W B 25 AR 0S), {43 R AR R i
K. Bk, S22 REFENELS R, MIEBIA 0.49 g/L i 4 3E4EE 0.2 mL.
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AR 2558 43 6 FEV i /KR o B B T 3R IS MR 2 B 0e 161, 2 FR gk 5 [ i 3R s )
JR SRR pH A 5 e AT . BRI, RSB pH=5 19 HAC-NaAc Z2mia . B 7-a Al ER 22 pf
TORR S FE R RE I, AP T DA Y, R R AR AE B S i N = O3S I3 oK . 7E 0.2~0.4
mL BRI N BTG L P9, A A TR i PRI 2 AR AR BE 35088/ o M2 MRINANE 2 T 0.4 mL
B, BRI IR R AN AR, TR S RGBS KR FE AR R, 1K AT RE A2 RO R o 5
A, MR ZAERE T LR B AR A DT e A RS

(2) EDTA HWIMNE

KAARBRPHAE - RELSEEF, ik, EIMARGOKZIHEMARERT, #aEd)E
BT HE 7-b AT, 4hN 0.1 mol/L (¥ EDTA %3 0.1 mL i, HE#oS Rl . S£1
EDTA IO H 2R AH WO GAE A FA T 52, AR -0 &5

(3) BRERHE UM

BRI E O ER T AR, AT CAESE AR 3 BRI, /b P I 70 85 T 5 L (VU 18 o BB B R AR R
FIERIE N, WA BAAS AR 5y, (B2 Rl B PROSE t 2 3 N Y, DT sz s 45 28, e 7-c.
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&7 EVAS-H#HBIMEIX TSN
(a:EVAS-BEEREL 2R AISNE  h:EVAS-EDTA BRHISME  CEVAS-HRERINA R FR AR AN m eI 20
d:EVAS-FRER NIRRT 2= Bk HER B2 )

3.2 BRI 7 R SR AR I LA
3.2.1 FEMETALE %A
X FLEE 1-a R 4-a, 75— V0 B 00 A A% Py, R R FE SR USR5 5 A4 Bl 5 1 B BRUE L
BRI 4 T T V25 O P R R K VAL FE A L & & B TE 30 °C, (EAIET 1-b RIS 4-b FILLE H, 7E
ALK HHELEE R T 30 CHY, SEH R MR OG5 MK R B R UE LI, T L35 5 ik
(R ZE 20~30 CYuFE N thiAse . XA IR — S TeHLIRE IR, 5 258 ORI g o,
LHEA T RERWIHTE R R 51 MR I ERE N HUAR, RG24 75 SR R T U B, R
R R TR, XN QR S T, T T AAELE X R T . K )
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V. F S 3 ATV (R it T B R I TR IR O FE RIS AN R, (H MBAS (RO RRE PERLSS, A b BCE I ]
WA I K o T T 5 A ATV S B I TR K 2t B v FC 7 s I B8 2 5 S PRI R B, 0T PR Y6 B2 )
M B8 K

3.2.3 SLIFAE

HUE S AT I VELEBRAE LI SR T T R B, SRR EI R T B E B I T AE = . T
LHEEIWTE T DL BRI FRRATT, 4278 TARRCR . STk sp G B MR N, W) DA
FEMPE SRS FITH, WONEIRE . RAKCTPEEFEINY, BRI v 0 A A v 17 56 R
WIRLF, (HOFETNE RBUETE =, H EVAS JefaE tELl MBAS 258, HIEA AR S &
TV PR I A0 5 2

5 &8
(1 T RANICIEE, BRI B R AR AR . s L4 SRR, B N, BT
40~60 mL #4lKkrf, B 30°CIMRER/KIRIRIE, 7 40 Hz GREFRIfUEasR iR Himb iR
RS FREL 30 min, 28 5 {5 RE S R .

(2) qLANE R Ay 2 0 000 s A0 e b B 8 3R IS PRI, B 32 mL A R B, AR A dE R
7, PSR AR T TR BT VA TR 2% A VAV pH .31 8 7245 o NN 1 mL A 1 H W 13 €0.35 g/L),
AV EAE AR —RER, =R EDT R Ay 4mL. 2 mL, 2 mL. 4 ERREER S 2
Je WA 23 R BT A 1 mL A BRI T R VA R B SR AIR Y O 10 B R 30~
45 min, £ 652 nm T 5E ST A RO o

(3) ZFEERAI T RS BB IR N B 40 mL B SR IR T B b, 425 n\ pH=5 1 ESHR
22 0.4 mL. EDTA ¥ (0.1 mol/L) 0.1 mL. BRERENIAW (1 mol/L) 0.25mL. fIA 0.2
mL 2 IRV (0.49 g/L), PEL)JEREN 10 mL H 2, JEZRIE G B . 1590 2)5, HUE 30 min.
LA FE R R, 615 nm J K e B RAR RIROR FE

(4) PIFN ST 7 155 AAF S0 R0 EE G SRR, PR 20 M J7 105 B ARE ot AT b 3R i B 2R PR A 7)o A i
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S WA
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TE LR BLTTORL VA R B v {CE 7 M 1 R B SV RS2 A I R A o ) 2

K EZ, HEZ', FH", F#H)
L1 IR IGE AT IREEE IR A AL, T, 510530
2 B A%, )M, 510632

B OB FIFAEL R AT X (single particle aerosol mass spectrometer, fEi#R SPAMS)
S o it P A S IR RIORL AR B A 2 A REAT AT I, 4% LR A [) 1R 7 LA S R A

RO SRR S R PRR HERE. AE T KRWRMAEN. SRR, &M
RS AL 2 153 5 AN TRDRLAR: B b 0K 25C L 91 1) 2 5 T R A 5 B80S [ o 8 00 10 2 e F I 2
— MIARIE AR SRR R £ B FE T A A N, 1R PO S R R R A A
BRER SRR ER &5, TSRS & B D U AT R AR T RS AR AR SR s B B0 < b 2K SR B0
HA T ERIC HEZAR MM, RRVOBORE > S EZ# LI, X h TrEZ i
Ferh, A 2R RS BR8] AL .

KRBT PR TR RSO, FREAAER, 2 HS
The application of single particle aerosol mass spectrometer on study of
taste and aged cigarette smoke aerosol
Huiging Nian, Wen Zhuang, Mei Li*, Zhen Zhou
Guangzhou Hexin Analytical Instrument Company Limited, Guangzhou 510530
JiNan University, Guangzhou, 510632

Abstract: Particle size and chemical composition of seven kinds of cigarette smoke were detected by
single particle aerosol mass spectrometer (SPAMS). The difference of particle size and chemical
composition in seven kinds of cigarette smoke were studied. The change of number fraction for sulfate,
nitrate, chloride and BTEX in ageing process were also studied. The results indicate that the differences of
chemical composition and particle size distribution in cigarette smoke aerosol were the reasons that lead to
difference taste of different kinds of cigarettes. The number fraction of sulfate and nitrate increased because
of the translation of SOX and NOX. The reason for the reduction of chloride may be due to the

heterogeneous reactions .The number fraction for BTEX in fresh cigarette smoke was lower than the aged
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cigarette smoke. As the aging time increases, the number fraction for BTEX gradually increased, which can

be explained by the translation of gas phase to particle phase in the aging process.

Key words: SPAMS, cigarette smoke aerosol, aged cigarette smoke

Email: limei2007@163.com
LHIE

T M 53 FROAS I T B T B B A B 22 R SRR € (120, Be D5 R Re i BN HERR 0 15 2 R R 1)
TE, HEBLSINE, HUnRZSREHE T H 5 SR 2 BRAHE S, LRI S JeR TS
RAAEIIRA), FE 5K BAF A5 T EA R AT TR . BN B/ B, d2
WA ARSI T Bz — [3-4] o STE R TR & 107 30, AT USRS IR SR R
AIWH T, MEAIFRPEZ . 35 B F. AV, (HIRER 2 2 BUW BRI, RIHER H
Mgy, JF HICVE#EAT BRI 5 R AR5 12

21 S B A — YA O/ OB B R, & —F & a7 [5-6] . ITVEE —4k
SMHEIEEL, BAERRR, EeE . YRR REUZLF. 2 B A RS A
WEE T RIME R B, BB IMT O B B ET 8, BERSAI & HRBTRAN A . H
ATV TCIEAT B BRI H 705 BATKIARAE S, BRI TGRS BEAN () i o 0 e R AR ORI 470 £
KA I A ARS8 22 7 o

T 28 R SR S % {X. (single particle aerosol mass spectrometer, f&#K SPAMS) fF
T R A R A T B (7], AMERENS 13 2 MR URURLY) h O 4 7 SoRiAz(E 8, JF H T BLA
FRURORE 2 T 20 AT ORL I LR ZE 0, 53 MK — R SEIRAE LA IR, AT DLIRE S iR SRR 7 B8 4k
T I MTIN BRI R K S B ) o 72 s e BE RS A R R R SRR ) LSRR L

ARSI T AR 2k S RIORE I I S 1S O AN ] it R R OREAR B Al 2 i BEAT 20 M, ETEAN A
rits A MR A MR SRR A S A2 R O ZE 5, PR IR 8 22 St B IR ZE A KT RT RE Y, BE T O A
WA TER SRS H W . JExs Horp — R MR AT ORI S8, WO U RIR IR
W RE PR L IR EE . R T LR AR DL .

2 SERHE
2.1 TR EEREE
A FEAS FH ) B SORL A RAT IS TR RSN T M RAS 2 BT A 2 A B 2 =] ik il ) B ORI AR

B (SPAVS 0515), HZEAGIRSCHRI8]. STIGAE T AN 1 i, WRABHUAE IR ELARR 9L LML A
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WL, STMRE2{H FH Dekati DI-1000 BY ST ffRege .
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K1 sk B

Fig 1 Experimental setup

2.2 ERITIE

WRKAATL KT I 2 Tl 2 i) 22— A = I PR IR L T L A SR MR A R o I R L A R A
K R AT NBIFRAR R A b, W RN LA B R A, (RIERE 2 PPN S M
TR 2R BN 35ml. 7F 2 ORI R, =@ R, BRI R 5. MR
ZiRJE, R AEEE S, BT RN TS S e R Gt S0 SRS IR R SN
—AMAFA L AR RE, BEJSEN SPAMS BEATFEZRRI .

SAARE] KAEFRI RS A, B, C, D, EMB— FAFMKE EHREE F, F, St
LRPF MR A B BT A I, R IHEAT 10 STIRMSFAT S8, 43 ARSI 6 1 AR
SEVASAAERET, REEIATRIN . Ba, BRI 10 YSE5 45 A I T B0 54T o

$e B A5 JEPRBEF= L A IR AT 2 A0 5258, RSN SAFRETE T, 24K 6 /N, AEETBE — /)

I HEAT — O SR A

3 AR5
3. 1 NRAMEEE B BACE ST Z 57X DR HIR BT

R HUH TSI B - A SRR R AR R B BOREA o BRI SR BRI RO B T B A
RAPAAL A B CD ERXAA AR A MERE AT RE T R RS R
#hy BEREE T LS B ZENAK, M S )RR PO F AU IR, BRIEER #h AL, B
JURMES T IR LEGI S EE Al S A2 P B LA, JCH R IR £ 5 B PR AIK, F2 5 B AHZEIRID 134 f%.
RuTfier i) AP RN R TARR A TZH%, XL sE 15 B A2 R R fe &0
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AR B — A o
R BTSSR A R a3 B o R AIGR B 1 73 B

Table 1 The percentage of different components in a variety of cigarette smoke aerosols

B4y A B C D E Fi F.
AET 91.07% 89. 21% 87. 94% 87. 03% 96. 11% 60. 35% 9. 66%
WRERE:  82.10% 86. 94% 82. 50% 84. 59% 81.17% 75. 25% 71. 16%
THfRE:  86.61% 84. 72% 76. 34% 66. 86% 93. 70% 12. 52% 0. 70%
ERE: 2. 72% 2.07% 4. 03% 4. 15% 2.01% 0. 94% 0. 05%
WEEREE  76.41% 75. 86% 78. 64% 79. 36% 76. 55% 82. 20% 74.17%

3. 2 ANRFEEE S B BRI 2 70 DR HIRE BT 7T
K 2 9 RIRAR B b - A R S BRI o A LR, AT PR el DU - A R R R A
IIAGAE RS RLAR B R EC B2 ANHE RS, FL k) & F AT Fo O URURLECAE 0. Sum — 0. Sum B EJi 5 /)
EEAG LEH At TR A R ACAE iR AR B B EEBIR, X R] e S B ERh A 0  EOA RLER 53 — R

IR Detector —» I
{t

B 2 A RPRAR B rh DR A MR s R BT A L 451

Fig 2 The percentage of seven cigarette smoke aerosol particles in different size

3.3 ARENERE D =M BORE LB

B 3 B <5 A R A I 8] ASHI 2 F) Fo A AR S R R R A PR s A U T R B
WEA SR EHAE. NEPRTLUE D, IR EEEORE G 70 & EREE AU 8] ERAE 3 /M2
WA BB RIG &S, 3 /N2 JaRASE TR E . AR #h B KO 52 LUBR R £h 24K, 5 /N2 )
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EENEINBIECRK 8 it SWMBRIMMBRHEMAR, S THRE T S EN 2 &S, X
REAE AF P B ML ) o

il etectr —p PELIR Detector —» P
it
/

(a) (b)
B 3 SHT IR AN R AL B rh = A T ORI A S
Fig 3 Number fraction for three ions in fresh and aged cigarette smoke
3.4 JARENEEDERYBIR BRI
AR SCRRAR IS, A IR R, AT REAAAE R Ry, e T, B8, I8 H ),
XPFEY, 2, 4- FRIEMY, X-ZFEMy, MEME, WIWE, SRIFTE, IR (o) B, % ABFOMI R
Ky, B-H, FEE, R, 2,4 HIER, N-LEBNFRRYE IR T, Bk
I A 30X —RIR R SR AT A b AT 77 5910, HARXT U TRI#>0. 005
B 4 Dot i <SS R A I TR EORIORE P o8 R DO 1 0 5 &, MBI RT e
MR ERECGRE 0 & B, BEEZAR EFBEIN, KRWBIRE & BZE L. X
RER BT R, W IR AR T ERAN T (0 Ee . kR, AR O A A
FfE s LR, B P EHE R,
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Jili etector — N

B4 B s S R Z A TEE S 2R R BRI E &

Fig 4 Number fraction for BTEX in fresh and aged cigarette smoke

4 Zik

ERPANTR] R A A ARSI B AEAL S il SRR AR T A R ZE 7, XA RGN

=

AN [ F 2 22 S ] o A MR 8 A A R R S R AR R AR PR R R RO B 1 70 & B
X Ryt A A R A A Y AL AR R EE AN R £, 1T U 7 R AR MR e A A T AR AR
AR s 2R RN BGRIE 1 70 & EAEEAL 52T BT, IX R BE R UM BRI 2 (8] AL ig i, 1X
W P EHERNEFEL T EE.

e PN

(1]
(2]
(3]
(4]
(5]

(6]

TRBER, Y, IREEER, BREREE. FRRAOA BRI I A ()], T EEE AR, 2007, 13(6) @ 20-23
weaF, WO, BOE. EMBEETRE M. Jbat: pEZTIH AR, 20000 8-17

i, R, BOESE. AR G ZREBE B, 19900 71-73

Y, RSP A R R rh MR e B I e T VAT AL LT ] B A2, 1991 (2) :30-32.

L. Q. Sheng, L. Ding, H. W. Tong, G. P. Yong, X. Z. Zhou and S. M. Liu. Determination of Nicotine-Related Alkaloids
in Tobacco and Cigarette Smoke by GC-FID[J]. Chromatographia, 2005,62(1-2):63-68.

Thomas Adam, Stefan Mitschke, Thorsten Streibel, Richard R. Baker, Ralf Zimmermann. Quantitative

Puff-by-Puff-Resolved Characterization of SelectedToxic Compounds in Cigarette Mainstream Smoke[J]. Chem. Res.
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Toxicol., 2006,19:511 520.

(7] Skme M, MR, Bevl B, g, %, MaEEe. TN ERIENELRN 237558 ] i
2%, 2006, 38 (6) :859-863.

(8] ZMyg, AR, SWIE/E5E.  FRORL A IR AT I 1) B i A R ) o & MR S S IS (). 0 ek =gt
ik, 2012, 40(6): 9367939

[9] Yan S. Ding, David L. Ashley, Clifford H. Watson. Determination of 10 Carcinogenic Polycyclic Aromatic
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VOCs B&sRGER SR | 2 BB ] {THir B K B ERa

CHItEE s AR, HREE™)

W OE. (LR VOCs CIEAT T B BSR4 AT, TORBEA -+ — TUR B B i K 5R
T53EBIIA, W VOCs &l R &k ik MU0 H s R 55, T3 51 iR mp i P A B A -2
EAE R, UL RGEBREE K VOCs 154k & thA BBy, JEAT VOCs 5 JLysca th 3500 il Ay 7 S T
A AR o

REMRE G L VOCs HEUIE SR E 2, SRR ESEFTETISETIA 16 RIALL B ESE
AR GIRE & A2 VOCs,  EROR T8 BERR B RFGDRE M R AL 2 28 SREATIR BN OB E, DL
Atk VOCs HERUERE, LUK Fr AT vs Gl AT A i & il o

VOCs B TRE R A S T R H a0, B ity 2R DL E AR A EEH E IR, A&
FRRRVE 2 A F TR [BISCHART RIS R g 5 VOCs JEAT [IUSL, KA B v ) S e T s 7R FH 8 2
TEARR, AR I P Bt b 7 FR 5 R LR AT s, BB AT B A SR LT K

VOCs JEFBRBEEEATH, AEAIEDIERCR IR R (>95%) , JRATEI VOCs #R48 P A= 2 BB (T 44
PO AA G S0 s R OSUIOR bS5 R %0) T AARELER IR A BT RERG R, B P 2 S
225 VOCs [BIWSCECIRT Al WL 36 2 7 SROSHE B 2 By, ] 2 S iR B 38 B e S 4 A

B : VOCs > Jifs (LT8R - A #{LE > RTO » PU &R » [MIARENI
ISR AR T ERE
I BRI AR AT BIAB
(4R (SFEPLEERE © hmehein@jgok.net, Mobile: +886-933-147-026 )

o GERTIERHR AR E EERIREAEHE

533


mailto:hmchein@jgok.net

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

i

— i

(EETE, RIRTEMESIEEEM A Y (Volatile Organic Compounds, PAF fEfH
VOCs) CLIEAT 2V Bt A B B 8 1hIVE A HEAT T R I~ — T 38 il A K5 G B
B, B VOCs B, REraE m)EA FaE s S . T FLAKER OR B AH B RERT &
A, LIEFTHRE A A R TR A S A R, DR B S AR i VOCs 75 Jub e o AH 3
e, U g RIR R A B, R HEIES, AT VOCs 15 Ju i &t 350 il 4
S ZH B R .

Bt IR g 7 A VOCs HEU 28 SEAH E 2, WUANIR] 2 SE T AT AR A 16 RIARL 1Y
JE S ZAH B R & 2 A VOCs, 11 A1 i8] 5 V75 Ge i A B v 4 3072 VOCs I il 280847 3607
BA V0Cs 2 HEBARHE, DRI TR 0R B R B 0 4o A0 v R A N B 2 SERE AT VR RT S0
AN, DLAGE FH— Mtz VOCs HETSERYE,  DISPIRE P 15 G AT 4 TR 1

VOCs R EHRTPEE 2 375K H ad s, AHRB SR BRH T G I BE < 52T, — g R4
TR BB AT DA J3 25 B B % BT UACHEART P K [ 3, i B AT 32 B2 AR RN 4 55 A
R, USFEAHBNE S R R BRI R8s b VOCs AT RIS, A BEIA 75 )5
YRk SRR 2 2 EEROR, DRI AEISE FH AT b5 S B E R AR A A, IR A
K TR

VOCs &% JEFH R B R B B84k . WPt Wik A g B -+ 55 7 X, Hodh A
AR R R 8 (>95%), JRAT AU VOCs BRIGEFT 25 A= 2 20GE (AT H5 10 20 S, 7805
SAE . RS UKOK TS5 R ) . RS IR BRI TR R I AVE:, WIS A ER{R A B R RS
K, MEFHESEHBRAGRNZ . VOCs  [BIWACHEIT 32 BEA0 K5 [ 18 RS P Ak Rl WG« IR B AL IR BN IR
TEPEOR ISR A PRS-+~ 55, AT AR 3 R SROBR B R, B SR = R
HE R SE AR R K
— ~ VOCs BEE:AiT 2 B

VOCs BEFRFiT 2 I8, Mg BB T al IS kT, B W] ARG 5 RT AT #2811 45247 (BACT,
Best available control technology) ZA&##, MEATIREFIMT 2 i, BACT EERKHA
EHE IS TE 2% 2 FEWE, PR G A IR BT 52 T, PR AAT el 3 R G T vT seHE kAT
A, F I RS T B T AT AR TV R, KRBV RE . IR AT O B
WIEEHINTE 2 A%, SR DA HI RIS B, #E DL a2 ARG it BT e 2 3 1) fs R AR B2
Y& Maximum degree of reduction) ZHHTEITVE, T5Y4URKYE BACT BZIEIEH], LU
FSCRZAT G VR HE R, FG T RE A B d KRR B VR 2 BT T VAR, B TP R
Top—Down Zr e TR PR e B 13 2 BTl 78, RZ AR R Nl R -

SRR R AT A SRS QLB BT, R R AR BT b B A G B,
B A A FH 7 R R 8 S5 Gy o) P2 o i A s o SR

BOPER: R EM EAEE R T RA .

S OPER: R RTAT ISR T RARFR B RCRE A, R A BRI T RN R RTTH -

SVPER: SEFT BATRHE S — 577 R REIRIEAE, IR S ELAOR LI E
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SIOPER: ERORREIRTNAL, IR BB B AR K U T 2 AR, TR E L
Th7 BRI R 27275 G BACT

TR 2002 FEARIE T RITRBIRNES /N IUTH, B [ € V5 Gl i AT IR
7 MR VAL, $PEMOEE VOCs. SOx. NOx BRLARYS YelaT s i s 36 R il FEAH I 2
HEAATHE R, 1F R R 2B . AL T s B rIAT B, REE ()
EFRTS AR (VD B BB () BRAMRISEEIRE. (=) 8B 255 btz il i
B (DY) Hofth A% 0 B g b S A8 M ) 2T 2 U HLAT B Bl 8 2 2 505 e AT o

=~ EE VOCs BERIEER T 48

()RR LR B e

— ] 52 AR IR B R 8, FEAEAT S METE Y VOCs BEERRG (40 & BAH VOCs) , 8 # AR
Al E IR AR K R RE N 4, 2 1 o ] 8 RV B SR e B, AR 24 w] DALk T o et — R
AR IR B R 5580 Wb R A8 PR AR A 0 R VP ATV It 5 AR e P I B A 2 — S B R A
RIS TN R =i, RIWRB IS JR BRI A B R AR AR A 1 E AN ) T A i
Pl [l S Bl B AR R A bR R, B RIE HAR S I P A SRR AT 3E, 04k T 36 2 v 7 [mTic
25 T 08 R A BE 3655 2 VOCs Rt SR HE TR AR VR IR B 2 B o SR, A0 DRI 4 52 Ak R S
PR EE SE I o

BRI 5 2 R B DRV 14 B R G B A7 [ WA e, RO BRI B R T FRE 3 B o+ B AL
BRI SRR (ol 1 o), )i T B A B B i) #2 2. DMF/TOL/MEK/EAC/ TPA-++
L2 P RS =g El VOCs B G). R B8 A0 V7 BRI PR 2R 48 2% — o Hh 2 ]
/INTT e 22 A PR A AR T TR W R 8, P A B2 O ) o0 f S I, I 3 1 L v R 4 £ B
(1,000710, 000 %) K RIS TN &k Ze 2 (8 RL, EUEEE WA S, 16 RIFIEET gk
T AEEPREEEUR A M VOCs), T RIS AR RT3 90% A b, [RJHRE JHG [BTUAC S 2R PRV 7 25 K 6
AT, il S AT BRI TSRS i, LA A AH K (B & RDSAEBRAE 3 4 LA
).

1~ REERULH RS LI B RS R [ s
(Condensing Absorber+ Fluidized Bed Solvent Recovery Equipment)
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AR ENSCE Max. ) RULF 2R (Toluene) K AVIRE 1000ppmy 2% S5 H 2 S KR
SER, ZLPE RO A [F A B I W R B e ) AN, 2 SRR B AN R B2 IR EL
Ay A MEKX60%; EACX70%; IPAX60% ; AcetoneX40%; Isopropanol X50%; BAC
X100%; PGMEAX100%; PGMEX80%; XyleneX90%.

(&) AR (LR AR

T Ve S i By 2 v B B A R B R AT R P A R E LA I S A
3 E A MT 4 (TPA Actone PGME PGMEA) HLim. Mt P RCR R, AR ACH 5 A
B IGIREEZ VOCs BF4, 80 A IR MR IO R B SR B B A,  PARAIR AR i 4% g B R A4
A o R VAT i v LR P 2 BRI HAAT, WIAE > 250 Cli BT HEAT v AR B A
A v ik Bl VOCs 5% B i RELAED 7] T i o

T Ve S i e A AL R A T 0 A TR A R T A AGSE (Thermal Oxidizer: TO.
RTOD PrAHRRZ R VOCs BEREIE A58, St Hi A i 5 HE N (10 R B SR B FR VOCs 5
e, P DAY A0 o I PR P R g SR NI =172 1, 350°F (732°C) MR Jge ki b AT
Iy TSRl WA EIRAR 1) 2 6 BARE R 1 BhIE F 7 THANE NIABERE I SR FE RE A, DL A
TP B AL 68 B v e i 5 G Pt 5 1 BSR4 B3 (honey comb) b A Bl 45 S P VOCs 15 444
Jv i A RR B A A, WA R LT 7 TR B B D H A R FRR AR I JEL R A TN R A
JEEE TR 5% 20%, R AT AR BHAEANEMR ST, DLAERF SEAR AR AR

iR RE BRGNS T A S A F A R U RS SR, JUH S S A B
A8 (VOCs) VOCs FAME, RERARETVERILEE, D ER FH #1777 20 B 3 7
VOCs Z BRI AHE & (>99%) o B il Bt e A A8 B AL HE (TO) . filgEat
EALHE (CTO) LK & A AEALHH (RTO) .

BRSSO B A T8 e R PR RCRE 99. 9% ; il U A i mT DA 68 filg 1R 40 o
fit 2z Dihe, HRPEIKAEA TR ML, "R REIR < ;& A A R F Py e &8 246
ZEINRE, KA AT A A 2 R AR F sE SR B 1) 1 U7 s EE AR AT BRI BRI R T
E95%, e —FEEAAMER. W HATH B DRRIRIIRE M, HBR VOCs 2 Al 2 Braen]
TE>08%, HAW /B, =M. 2R eE . TR nIEE B 45 G il It A & b Dy R
% 2 RCO A4k A -

~ B A FEHERET
(—)EZ PU fZEESE

1. %h

KRB R PU R ESE, 6B S HAURELIE 250 NOMM, 7RG EE T FiH
BRIET 2 2 4I7E 100-120 kg/hr, = 2243 BEIE 76046 — 1 2% H G Ji2 (DMF,  C3H7NO) i
10-15%. 2K (toluene) 40-45%. T fid (MEK) 40-45% % &/ 74 5%,

2.

| 5 S A P [ PRV P B 2 U & e, HRATE 3 (AR 4 20 #0410 7 A7 4%
SEES 2 (SRR, AE7E B S04 v SRR VOCs (B MEK) 2 R 3Ry, ) 6] il 0 FH T 48k
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SRS SUR B TR S E,  HLIN ] PRSP OAANME, 2 B8R KRR, AAMES
DMF Z [mYe, PRIECHET-Aa T7K, RUERFHZE MR, i Mk B ATk o e, BRItk H R
BE 2 B K HER, N6 MR AT R, T i A K R, Qb PR ) L s R M I A 2
5 BRI T 2 IS e g 3 . DL PU R SE BE— il % (250 NOMM) i & #tat, ARG 1A 1
VAT P B AT I 500 2ANE/AE DAL (VA7 & 800 AME/4F), #3E# My Rl B, A
RS R S5 GBS, T AR 2T 2 A TR (R AR R 4 T B 49 600 #70) «
3R T

R A & Toluene. MEK S DMF VR-EVEHI SRR S B8y, DRI g B AT o 2R
R R BRp A R[] PR B 75 B KR (MEK) sl S8 & DMF [/, DRG A AS SR s e ek, &
SERR I 2 Fs 2 B0 R BBk T B PR HE T DMF FE VA B i e 4E 276 BEIA 5 [ Ho . A= 3
R 4 B B4R 5 87 SR T PRV B R IS AT 5K DMIF (/K 0 L v b 228 ) Y 71 5 3B AT VA IR Wit
5 2 [F1fSC (DMF (=] A 0 B IMELE 60%wt DA L), P AR IBERE R NV BE AT B RS, Ak A
PRERGRIE AR, A 7E RGP EEARH . MR AR RIS e R0 A e e Ak A I
BRI RS TR i () o i S S 5, HE I B AN, 72 R IF IR JARAE T,
VTR I WSO R T 90% LA b, [R] IRy L BT WA A R K 3R A (Bl%wt BATR s AT I
Vewt) . #lRE @ b, PEEER R B G BRI, 250G 1T AR 2 [\
i, AP A E K.

Lo i JRINEE  Aras

W B3
THBALIE IR

Toluene & MEK

‘égf ” i | il ] A A

H

A B

-

ngiL;g;i;DMF%ﬁMN&
] 2 A (P PR T 2 e A

(Condensing Absorber+ Fluidized Bed Solvent Recovery Equipment)
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o p— ‘
3 B LI BRI 45 R [E1U & Toluene ~ MEK A HEATIARH ©
(Fluidized Bed Solvent Recovery Equipment & the VOCs Photo of Toluene ~ MEK)
4 PRI R
KREHEEET 2 BADEREUL S48 E e i B MR (i B S (& 3) » [E]UE Toluene ~
MEK ~ DMF ZHEAR] » IS0 BAF - HATARARIEEERS90% » &7K3<1% » B
FrEl B E A RER] - SEE B EGONE » SR LRV BRI - W

S B GERNE ] -
% 1 R LR EIRAT U S e A E R
THH A OEE pm |t OB B ppm | VOCs BEEEREE(%)
(NMHC) (NMHC)
TR HIE 9,000~11,000 150~400 >95
ST

LLPU RSB —ZATHIRE(2SONCMM)EVE ~ [EUOEAILL 100kgs/hr 5T ELEGRE —EX
RAU A B ENIR + /2 BER SLas LU e [E e RS MRS e B 35t (2 AR ELdegn = 2 -
2 PU GREEZZE VOC [ G

4 B (B T B
R AT BRI THCEE | OERER | R | EmIE
Mk e
R BEL IS
S HEBES 100 kw 720
SRR RS . i 1,800 200
S5 10 mhr NI/
Eillfa
P— 250-270 2
—
EEFSEIGE | B SOkW o W4
. GERRRITEK 600 450
DRRRMEL | 254 ¢ 1000 ke/hr . (4 MEK H§
o A

() ~ BEEM (MIRRENRIBAZ) SR A 9 i e BT

1.ZEH
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- J A [ ORI WS R IR P R IR BRI &

REHZEMAAOEMBIEYE, IR EA VOCs HiIFE 5 225 1 R BRI 2 R B AR,
L SRR 2% e JEUER (3000CMMM) IR FE OSP4, 2] VOCs B4 FH 3R, EAC, MEK J% TPA

H Al 33 s ik v JR VOCs JBEoRL, B NIR PEBRIR e i AT B2 B, sk, R
%, DRI g B Pl ] A0 S A R, R T P S PPl 2 A 2 SRR B, ELVR PERR I
VOCs 2 jiz B R AR MV H B ORFFAE i R (>90%) , - DR il B R B A7 BR 0038
RRC 2]

ARG EVOCs HERUBERE IS B (RUREERS L R B A B A R L, FE
H )8 VOCs JREAUSRE . iREMA. BIERAR. RIS, @ H RS AR
ARSI +RTO SEALRe Ay (I 4D, 6T FARC AV (850 S, /£ VOCs & BRIt 2
T, A ERKI AR R, kG, BRI RATR B A REAR 30%740%, #HAFBARE(R
20%730%, 3 AT DARE S B8 A0 A AL IR B 2 1 T, TR A DR AR W 900 BT E
THEREL &, 7R RIA VOCs B 3 2 18 BE AL A

4 ~ IO RTO 240 R IR E]
(the flow chart of Double Rotor + 2T-Rto system)

4 FEHIRE
AR SRR B U0 R AR R +RTO SEALRCH, ACE MRRIA REUR, VOCs RERMR T
>95%, BURMERZE, TURCSCRIEAAE R UL 3.
%3 I OREERRTO MBS

HH A B R E pom | R ppm | VOCs BEHEREER(%)
(NMHC) (NMHC)
R i ] 880~900 10~15 >98
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S AR
ARETHRERMAES - RABERERE  BUHERERA - AR
4,004,500 BTTHEEN: - FEHAI% 3

F 4 KOS
EEQaSE sl B FERRERCAR | PRHETE(E | VOCs 22T E
ici)) g
B0 R MBI R+ R TO 4000~4500 | 300 EyTAE | 900 JTAE 1,200 /4
(3000 C MM) BouE
(2) ~ BEEFERAHAEERE LR
1L.ZEH

BALHIFEATE F 2 A BIA T o AR 2 (LR ORE, B, W, mE--), HZE .
BB J S, DR ol 5 A 38 A 3 ks i AR h R el S IR h, IR RS
e, VOCs T BEHEBUA IR AW 18 & FF R B, VOCs B FR sz HE iz VOCs
2EEME

M % 5 vh . VOCs,  H RITER A KRRkl 25 BRI, VOCs WA I & JEFE . b gs SRRk
BRRJRE. Wil mIREZ VOCs BER, HA KRB ER, WMyl vocs,
H A b8 U8 il rRUREE, L VOCs BRGS0, 3 SORBAETAT Z .

3. JE Rl

AR SR AR AR AR FH w5 2 RE B 75 A AR 2 YR A 15 2 T A R A AR A (JRAF AT 15730 i) +3%

1L 48 (RTO 5%, RCO) R&t (& 5) , HEATMEHEE VOCs R B EE .

54".

AR
[ #EeEmm ) & - j
[ #Emzmn @—

R

AR
BRERIEEE ¢ 1530

§a§
________ | E
g 3
el % P
- RS
AMAEIRIEEE BEARERERS
SEETEES ¢ 153018
5 B AR RTO 42 E
(the flow chart of Double Rotor + 2T-Rto system)

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

AR SRR A R AR AL R, VOCs KRR TTE>95%, 7] LLA RLFE{K VOCs 2
HE
SATENE

RZEHFHEREEHE (2,000 CMM~3,000 CMM) > #¢ AR dEf - AR R E
A > REEFBELSELY 2,500~3,500 S TR SRS > ERAIFR 4 -

5 HETHE
PRAT A BB RA FHRERAR VOCs ZE/ T&H&
AR s A+ S bR 4000~4500 230 EyT/E 850 H#/F
(3000 C MM) HIT/E

SEUR

(1B SRR G B 2w B K K ek BURIAR S 2 45 J2 O Bl k)

[2] B R R I A A IR A R8N, (www. jgok. net) BUEREEl

[BloRERE. AR, HER. MISIR. SRS, [HIEMEIEM G S8 A B — FREmR BT,
LA, 5516 5 4 1, RE974F 1 H, 170-176 H.

[AIMEE. sREA., TR, [RERE A R 0% A B2 B EERIER |, 2007 285005 Jeta il
Bkt &, k. sk, KRB 96 4F 11 H 23 H—RE 96 4 11 H 24 H.

[(BIfSAR. R, REY, PR ROEERBEHBIRN ], g, )R 94 4,

(615 5, KitGIR. BRI, BRSO, SRR, TEA, [ERHE3E VOCs BER A T ISRk AR S T+ &
et ), PR No. 64, [R[E 94 4.

(TR veMs. MEIE. SRS, BRI, REABE, JIR AT B it S B R B BT T, AR L 3E R,
2004 4.

(815 &2, AR T AR MR S5 M M S BVR AL R (R PR 7, BSL I 38 K2 R 7 RHER B i L3R 50, 2005
o

[OVARE B, Ao i W P b 50 R B4 & VA R AU RE AR THIT 7, B2 A0 3@ X R BR 85 AR 90 i L3RS 2005
o
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BRI AR X KSR T B E R RRIR T

(K HI", HEREG ', FEHAES, WTFE, TEE, B T
1. 1 BEFE T B B ol 5 MU i A B 5 R S8 &, 0 100012
2. UIFRFHEXF I F GH G TR FFE, 117 &hg 266510
3. KIPHBFRPL IR FZ L, WK 410004

W OB WEEREGAN ARk, AEREHRRE RN EE R E SR
M EZRIRLZ —o N T T REERA T HS R U A R s R Ay, AR Tt
YRR R Tl X R AR B A R A AT 1 R URURII R R B i Ao WETER T, A7 T4
B R T DR R R s KRR 48R (Cd)y B (Ph) Rl (As) FOIRIEZ I
Hogwhid, mig (Cr) IRESHESGMHZEAR, KA iRy, Bk, Cd. Pb M As
RO R AL T 1172, 1 um Z[8), BAAEHE LA S, T Cr Jo B AR 7 A RS
X BRAERAR T RE AR RS TR ], Cd. Pb A1 As 2 BUR R AR
t, Cr EW S BENRH .

Regr. ROk, KUBRY, M ESR
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LS ERKSHE 5ol PMos W EH B RIR ST

KM, FREFS, BRE", HZEE", TH'D
1 T EFEZE G S T, G, 264003;
2 HEFEIEEE) MR L, T, 510640

W B N7 SN S TR XK RS PR A U SR L, AR TR PR 2 5
I DX AR 1 O ] SR PR 58 s DL 7 L1 AR 28 K B B L 8 e S B 5O s i Il L L R
KB, ek SR A E R 14 AN Sl o — Ry . RERL B AL TIRAR . IR B
I, 3. BN AAL, RSEE. AARRIEHE, B2 KRS R R, PM. s R
ook, R TE 2R B L X 35 i pE R B R . M 2011 4F 11 AR HH IR TEREAL
Byl fUFEAT PM. s RUREJEIEESERAE TAE, AFFFEI T 2011 4 12 H 2 2012 4F 12
()3 72 ANFEA AT BUEMREE I 0C. EC. BHLIGE . KIEHE S T2 s i, LURHERS
FELIE T 557 A PML s AL 2 s s, JFaE— PR 020l s PML s R . AR5 R (1D
FERLE PMes SRR REIREN 54.6 ngem’, M TALHERHX FRERE WK, HammT
F i X T S IR, RIAREHLE PMes 281X KAL) 2 iR AR b 3R IR
NEEWERE (73.6 ngem’), KERERK (38.9 ugen’), HEEHRKBIRE KT
VT, ANETACT HoAd X A2 PM. s MR PE S AR, HLA BBk BE M BAE 3 Ay, FE
JR R R AL B 252 MDA ORI A& ZRB U E . (2) Rebli Pl o 2N
AHUFE SO NOs « NH PR & @B, Hpn b el A A e, L, 5%
SO, T 5 LBl K, &ML AT o b B, 5 B 2 AT M T A RN A R IR L A
KA A AEALEHX PM.s o NH 5 S0 (45 A 328 NHHSOs FEHLE PM..s R 1)
V/Ni HAE (1.5 UESE T REHL S X 52 F B AR AR R (3) {8 PCA/APCS V255t i
L5y PMa.s B2 20 Fi A 2220 25 B IR FE EAT PMo s YRARAIT, 45 R, XTRETLE) PM..s SRYR TTHR
BRI RIS B S AR R R BRI DL S ARV R 4R S A AR S it B <R S, &
R DTS FIITE 80% A AT, MR T RN E .. (D) Rz, ZRIEEAERIRm,
ReWLEy PMos M AR 250 0 IR FEAS TR it Il T, HAR S A2 AN R bk % 2
BT 0 S0, 5 NOs 265 2 (AR M s < SO IMIE B T R A 32 5 KR 261 R RERL S PM.s
B FAF A AFAE 2 7 o BUREHIL I RS0 S5 i (R A S O Pt 1 DX 3 T 7 R4t 7 A 2%
IXTHR,  FRUGHIE T PMes 52K BE B AR T4 FH 52 11 S 35 12

KT RHLE, P, KBEWET, &ECE, AT
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R ZFREREKRE RS PM2s FHKE R F FHRHERT 5t

(KM, W, FHMEC, SR
(KA Z WG HBEFZF e, EK 430072)

B B 17 RO DX EOR RN 2R 8T P A SR mURK 2R K 58 AR 2K 58 RS PM2s Y
FURKIBEYEE F(F. CI'v NOs. SO . Na'. NHs*'. K*. Mg?. Ca?")ikJE., 45
REKH, NOs. SO NH 2 EMNAKZE PM2s i EE I —MuKiEE T, A
PMas H 8 /KA M3 7 2 AV R L AT R 2 i ZKFE I PMos HRKIE 1
bl 0 38 0 QUK ZR K 5 V5 L 1) B ELREAE, BT TRT BESRVE T A e . 1%
. WARBENEE . IR RAHEELRE, b 08l SRR ks e bk
Rl i B o i) 5 Y0 QU P 3t s RK 2R 2K 5 R NOx 5 SO AH X B ik 35 L
ISR IHER, BB ABnh R K A NOx 5 SO2 I AH X STk I b ik
K

KA, KFE, KB T, PMas

Characteristics of Water-soluble lons in PM2s during Haze and

Non-haze Period in Autumn in Wuhan

ZHANG Fan, CHENG Hai-rong, WANG Zu-wu*, LV Xiao-pu
(School of Resource and Environmental Science, Wuhan University, Wuhan 430072, China)

Abstract: Nine water-soluble ions of PM2s including F-, CI", NOs, SO4*, Na*, NH4",
K*, Mg?*and Ca®* were analyzed during haze and non-haze period in autumn in 2012
at Wuda and Dongxin in Wuhan. The results showed that NO3, SO+ and NH4* were
the most important ions in PM2s and the composition of the ions in PM2s was
relatively stable. The increase of the proportion of water-soluble ions in PM2s during
the haze period was an important feature of the air pollution in autumn in Wuhan. And
they might be derived from the course of biomass burning, soil dust, combustion of
fossil fuels, automobile exhaust emissions. The secondary air pollution in Dongxin
was more serious than that in Wuda. The relative contribution of stationary sources to
NOx and SO2in Wuhan’s atmosphere during the haze period was greater than that in
the non-haze period. And the relative contribution of mobile sources to NOx and SO>

HEEWHE: FEZXK 973 11K B (2011CB707106), #idbA HE s = GRBUKE) FFEEmiH, +IE
BIEBET M HLER b ZEHF 70 T A HLHLER (b 2% [ X & 5 S I e 4 (OGL-201110)

EWMEE: THR962-), B, 8%, HLAT, ZENFERSG RN TR, RESARSEAT
Fi, (HT{54)higcl891@163.com.

fEZ R KIL(1983-), B, HLwrFA, EEMNFRIFELE. RTG53 TREIR, (BT
{548 )whu_zf@163.com.
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in Dongxin was greater than that in Wuda.
Key words: Wuhan; haze; PM.; water-soluble ions.

LR, EEREZGH) AR, JCHZAM MR AR, KiXEZRLH T E
F AR IS e 1) A e 2 5 UGB X AT B 1 & P AL, (AR B R A DR A
XIRGE &, ZFhs PA XBA I X, S EAURIE" . ERIZEREHIX, PMs (I
R 5 0 QAR EEMFHA R TITRY, MAERRENS P 2K . o
FRW, 1EH PMos i B BG4 /KPR B 1, SRR R BAA B I 4 3,
G EVE 2 AT AR I B B B A, e R R s Y A

DR AT A b DR KT, rh R SR, ok A [ E AL IE AR AL
(BT A DU 5 R R I N RAR B 22 35F A B At Mg 3t B 7 AN RIS . K
RERDURSE R 2 KT, T AR BT KSR TN K PMes FROKIE RS 110
TTORRE, R QiU X K 56 15 GURFAE FRIER NI 58 S LBl v BAT RS 3

1 RS54
1. 1 PM, s 1% A4 R SRAE

AW FSEBE BRI AL, BOCKAE S T T B X PR 2R P, % mR
NOEE, WHER, FREK, LEOVIAI NS &, B 16m RPTERFE AL
TR R B AR L IX (P E ) (g, 1206 2R A mEr B Ak A& K Tk
Gel, AL Tl X3k o, PEHTHT S A 15ms PSRAT AU ELZRBE B 2000 8. Skm.

PSR AR SRS RFE M R X Bl 2011 4E 9 H % 2012 4E 11 H, — BN 6 KRE—IRFE
b, KRR BOESEREE, &1t 21 A PM2. 5 HIRESy, FUCREER B4 K 09:00 &
K H 09:00 (24h ESZRFE) , PM2. 5 FE MR W %4 PM2. 5 KL E KRS CRAEREA
1000L/min, J=MEREFHREHE AR AT , RN FONA FLFYEIERL, oo e i T
REEFI R GBI b T 450°C N #Ike 4h, RAEHT S IR S E IR B 24h GREE A 25°C,
TN 25% 5 45) Ja AT RRE .

1.2 KB B TFH o KRS 330t

B — SE T AR ) PM2. 5 FF S B E T35 2O S EE,  FVEN 10ml malifg 28 Tk iz
B, AR OB AR 17nin 5B T Ed B 0L E B0 16min, SREGELOE ) E
TEW: UL EIREOE IR AN R, EE L RIS, REREENHETS LIERE
I Halid fLA2 79 0. 45 pm (UERGEIE RN B 1 (3 {X (883 Basic IC plus A, Hit:/jil
N ST, BRI LR K P B AL 4E F-. Cl—. NO3—. S042-. Nat+. NH4+. K+, Mg2+.

I"HREFEH UV Goithik Ghd, U NAHSHEEE, %V NEEDLE, km) AN, 24 H A XHE
FE/NF 90% H. H ¥ E ILEE/NT 10km B, MISCoNSE H, 125 T HERR PR K L B RSIR[4] .
WHR1Z T, EAVCREER N IS 8 AN I 13 NEFH, sBUKEE IR % A K 55 39
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N PM2. 5 H S KPR B T o KA I BT ORI FUR KA M BT R R R e A B K
YRS FIRED ML E IR 1 fios, SRS ARS8 RS PM2. 5 Fokia v B+ (15
BIREACFUIE 2 s .

R 1RM, ERORFIAFIX AN B A KR BRI S 1, PM2. 5 i & /KPR 1 e
IKIEVERSF I LE B AR RN — 8, X R T IR PM2. 5 &K PR RS+ 2 B 2
ot B A AR e . o, PR AL NO3—. K+AEAK 58 JHRIAE T LL 3 s THE ARS8 4, xR
B S R TR BhIR (AR 28 R SCHETBO 119 NO3- K AW SRR 1) KHAE AR 58 1 1) 7K 1k 25 I
B AL A B Ik A, T S042-. Ca2+. Nat. Mg2+. F—7EZK3E HAMIA X Lol MK TR 4K
5530, 3% B R BE T A REHIR S T I S042— . Y T 38U Nat 2 U5 T S04 2005 Ca2+.
Mg2+. F-557E K58 JH7KVE 1 B8 T U i 72 o b TAR G b 35 (2, 5] . DAL, Rl AnA:
VIBRIGE ] e EGDURK R K 58 R Ul M R 2 —

£ 1 RIUKERENIERERT PMes F 5 KE R T 5 BKE R TR E

BT AR HARARR S IR K ARHAR IR
Na* 0.60% 0.87% 0.50% 0.76%
NH,* 18.56% 17.83% 17.74% 17.85%
K* 3.30% 2.76% 3.16% 2.96%
Mg?* 0.31% 0.41% 0.26% 0.35%
ca* 4.02% 5.97% 4.34% 5.68%
F 0.11% 0.15% 0.12% 0.15%
Crr 2.44% 2.18% 2.69% 2.79%
NO3z 27.50% 25.61% 29.09% 27.30%
SO 43.15% 44.22% 42.10% 42.15%

* 2R, TWAEKFEERARKFE RAT, sORuE & PM2. 5 & /K IR 1 1 B ik
() i G PP AN ATl s R IR — B, 5 B IR BE = BMIRAK U S042— . NO3— NH4+. Ca2+.
K+. Cl-. Na+. Mg2+. F-,

PRAN St R A 5 A PP B 7R T B T AE R IR FE 3 E S8 B g n e Her, 1Kl s
FETHFIEIESY 1,67 %, & B IR R B MK IO K+, C1-. NO3-. NH4+., S042-.
Mg2+, F-\ Nat+. Ca2+; ABruh sl & B P8 IRNA 1. 46 £, &5 710 oK 2 /MRIR
9 K+, NO3—. S042-. NH4+, Cl-. Ca2+. F—. Mg2+. Na+. Pk RS & KIS 8 7 1E K
S AR GIEAN Y, R DK RS R AT R AT e S5 R A oKV MBS i 3G n 2% D) A
K, ELP S s 1) R R A — e IR Ak

PR3 R B SR DK /N 81 AN () 36 FH T K 8 DR S PR JER IR R e AR AE — i (R 2%
Fetk. SMAKTE, K+, S042-. NH4+. NO3-. C1-ZEHFhn] Gty sl R K 58 R HITE L E V)
FAOG, AP KAE S IR I HE S — AL KHEAR OV, X RIVEM R CnfsF e

A RER A E KSR R AR R B R N . SRR, S042-. NH4+, NO3-FH i —IkES
TR IR TR NO3- K8 43 B A% il (WiyR 28 20 HERUT NOX B4kt R, S042-M| %
i ] 5 Y5 (kA BARHIRIGE) HEBUT) S02 Beqbimisk, WREIRTT C1-32 ok B R al L RE,
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NH4+I F Bk B AT AR (i@ ol ARk, N&3E%) AR NH3[2,5]. &X
TR RS, ROUKZE KT I GE T fe 5 13370 . (b ek . IR RS HE
I FEEYIAEC  At, FRERAIR 30 I R AR T e 2K 5 HH IR PM2. 5 KIS 1 5 7 (1)
SRR ) S5 A

TEK 5% 51, BRI AOHT JUFR KA P B8 - B 2 A PM2. 5 1R L A8 4 3l g 41 11%F1 49. 34%,
oA NO3-. S042-F1 NH4+ (LARNE2N SNAY 5 PM2. 5 [ ECEE 23 il 35. 91%FH 41. 85%; 1E
e 5E I, SUMKTENE B FIRE 2 F 0 PM2. 5 FIERBI 437300 34. 12%F11 41. 87%, H:Ar SNA [
ECEE 73700 30. 52%H1 36. 83%. LA E#R RN, sUPOKZEAKGE I PM2. 5 Hh SIS I B 7 i o
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Chemical composition and source characterization of Fugitive Dust

over Xi’an in theSouth Margin of the Loess Plateau, China

(Zhang Qian*, Mu Jiao*,Shen Zhenxing®2)
Y Department of Environmental Science and Engineering, Xi'an Jiaotong University, Xi'an
710049, China
2 SKLLQG, Institute of Earth Environment, Chinese Academy of Sciences, Xi’an 710075, China

Abstract:A unique set of soil samples were collected to analyze the chemical composition and
source characterization of Fugitive Dust over Xi’an city, namely, 2 soil dust samples, 19(4) paved
road dust samples, 53(17) construction dust samples and 2 cement production samples. By the
means of high-sensitivity X-ray fluorescence and ion chromatography, the samples were detected
contained eighteen elements like Na, Mg, Al, Si, K, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Ba
and Pb and eight ions like Na*, Mg?*, Ca?*, F, CI, NOs and SO.%, respectively. The most
abundant elements in the samples were Al, Si, Ca and Fe. The elements of Ca, Zn, As and Pb had
negative correlations to crustal elements (Si, Al, K and Ti) and were rich in Xi'an city, typically,
which indicated that they were from non-crustal sources and can be used as the typical trace
elements of construction dust emission. High correlations (r > 0.84; **P<0.01) were observed
among crustal elements except Fe in dust samples which indicated that the source of Fe is
different from others as it may come from oil burning. The observed Si/Al, K/Al, Ti/Al and Mn/Al
ratios were similar to the source of Composite loess in Chinese Loess Plateau (CLP) and Upper
Continental Crust (UCC): Furthermore, Fe/Al and Mg/Al were consistent with the Dust storm
over NW China, implying that the fugitive dust were mixedly influenced by them. In cement
samples, the ratios of K/Ca, Si/Ca and Fe/Ca were higher than other dust samples in Asian dust but
much lower than in other urban cities, indicating there were significantly differences in the
contributions of the energy structure of K, Si and Fe in Xi’an. Most of the water-soluble calcium
had high correlation with evaluated carbonate (r=0.97), implying that Ca?* is in the form of CaCO3
rather than other calcium minerals in Xi’an fugitive dust. The majority of K is insoluble (K*/K
<20%), showing that the fugitive dust can be separated from biomass burning contributions. A
similarity of major elemental potions and variation tendency in accordance with the characteristics
of construction dust were observed in four types of fugitive dust (soil dust, cement, construction,
paved road dust) over Xi'an area which shows that construction sites have great influences on the
composition of city fugitive dust in Xi’an.

Key words: Fugitive Dust, Xi’an city, Source apportionment, Construction dust
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Spatial and Seasonal Variations of Mass and Chemical Composition

for PM1yo in Xi'an, China

(T. Zhang?!, J.J. Cao'?, S.X. Liut, S.X. Yang?)
1 SKLLQG, Institute of Earth Environment, Chinese Academy of Sciences, Xi’an, 710075, China.
2 Institute of Global Environmental Change, Xi’an Jiaotong University, Xi’an, 710049, China.

Abstract: PMio samples were simultaneously collected in six sampling sites during spring,
summer, autumn and winter in 2010, and then their chemical composition, including elements of
Ti, Mn, Fe, Zn, As and Pb, water-soluble inorganic ions of Na*, NHs*, K*, Mg?*, Ca®*, ClI-, NOg,
and SO.%, organic carbon (OC), and element carbon (EC), were determined to evaluate the PMio
levels and their chemical characteristics in Xi’an. The annual mean value of PMjg mass
concentration was 302.6 g m at Shengzhengfu site (north). 293.1 pg m at Weidianji site
(western). 266.3 g m2at Dihuansuo site (south). 223.7 pg m at Chanba site(eastern) and 254.9
g m2at Gaolin site(upwind zone). 211.1 g m2at Heihe site(downwind zone). The CD values
calculated for the urban and background stations were 0.25, 0.20, 0.17 and 0.22 during spring,
summer, autumn, and winter, respectively. Low CD values reflect the similarities in the
composition of the aerosol between sites. The PMF results revealed that construction dust (22.7%)
contributed significantly to the detected PMjo mass, followed by secondary aerosol (22.3%),
motor vehicle (18.3%), coal combustion (17.8%), soil dust (13.1%) and biomass burning (5.8%) at

the urban site.

Keywords: PMzg, chemical composition, mass balance.
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Observation of submicron aerosols at Mount Tai in east China from
2010 to 2012: Impact of different air masses on chemical components

andsize distribution

(Y.M. Zhang %, X.Y. Zhang'™, J.Y. Sun?, G.Y. Hu?, X.J. Shen!, T.T. Wang?, D.Z. Wang*, Y. Zhao?)
1. Key Laboratory for Atmospheric Chemistry, Chinese Academy of Meteorological Sciences,
Beijing, China;

2. Wu Han University, Wu Han, China
3. Heilongjiang Province Meteorological Bureau, Harbin, China
4. Tai An meteorological bureau, Shan Dong province, Tai An, China

* Correspondence to X.Y. Zhang (xiaoye@cams.cma.gov.cn)

Abstract. Real-time measurements of non-refractory submicron aerosols (NR-PM1) were
conducted using an aerodyne mass spectrometry (Q-AMS) at the summit of Mount Tai (1534m
above sea level)in Shandong province, locates in the center of the Central East China (CEC)
region, from June 2010 to January 2012, as a part of National basic research project monitoring
campaign. The mass concentrations and size distributions of non-refractory submicron particle
(NR-PM1) species (i.e., sulfate, nitrate, ammonium, chloride, and organics) were measured in situ
at 5-min time resolution. Overall, 146 days valid data was obtained during the whole campaign,
which covers four different seasons. The average total mass concentration of NR-PM1 was 42.9

g m-3, with 31%sulfate, 32% organics, 19% nitrate and 18% ammonium. The average mass
concentration of NR-PML1 is highest (59.9 g m-3) in summer and lowest (31.9 g m-3) in spring.
Species occupied different percentages in different seasons, sulfate in summer, Organics in fall
and winter, while nitrate dominants the NR-PM1 in spring respectively. To investigate the
size-resolved mass concentrations of aerosol chemical components from different sources, seven
air masses were clustered based on the 72 hours back trajectory with HYSPLIT model. Cluster I,
IV and V with short pathway represent the local and regional sources, and the concentrations from
these clusters were higher than that from cluster Il and VI which originated from remote and
clean North-West sources. According to the results of diurnal cycles for chemical species in
NR-PM1 higher at noon and lower at midnight from seven clusters, it was concluded that the site
was controlled under the transitions between PBL and FT at daytime and nighttime. The size
distributions of chemical species were different from different air masses, cluster I, 11, IV, V and
VIl showed same shape with accumulation mode (500-600nm), the concentration at nighttime is

lower than at daytime. For cluster VI and 111, it demonstrated wider shape peaking at 300 nm, and
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there were no obvious decrease in concentration at nighttime.
Keywords: NR-PM1, Chemical species, mass concentration, Size distribution, Mt. Tai
1. Introduction
Atmospheric particles in the troposphere are highly variable in time and space[1]. They are
an important component of the Earth’s atmosphere, playing significant roles in atmospheric
chemistry, climate change, visibility and public health. Aerosols, especially submicron
aerosols that have relatively long atmospheric residence times, could be more detrimental to
human health than larger ones[2] and change the earth’s radiate balance through scattering
and absorbing radiation and by altering cloud Aledo and precipitation.[3, 4].Detailed analyses
of several properties of particles, including mass concentration, composition, and size
distribution are keys in determining their hygroscopicity, ability of activation, and optical
properties [5, 6] to understand the sources, mechanisms of aerosol toxicity [7] .
Along with the rapid economic growth and industrializing during the last decades, Hua Bei
Plain (HBP) has been a polluted area with megacities, great industrial activity and huge
populations [8].Anthropogenic emissions of aerosols with highly mass loading and complex
compositions may have a significant impact on the regional and global climate, e.g., the
interaction between aerosol and clouds in addition to the traditional cloud physics [9-11]. It
has been pointed out that anthropogenic emissions from China contributed 66% and 57% for
S02 and NOx to Asian emissions in 2006 [12], and 49% for NH3 in 2000[13]. The strongest
emissions are in the central-eastern plains which include three megacities (Beijing, Tianjing,
and Shanghai) and parts or entirety of the provinces of Hebei, Shangdong, Henan, Hebei, and
Jiangsu[14]. Observations have revealed that anthropogenic aerosol particles from the North
China plain (NCP) are transported long distances into remote areas [15-17].0One complication
of this transport, however, is that aerosols and aerosol-cloud interactions may differ
depending on the region, its local pollutant concentrations, and the height above the ground
surface[18, 19].
Numerous researches of North China plain (NCP) on air pollutions are usually carried out at
ground level[20-22],but these ground-based results cannot completely represent the physical
and chemical properties of aerosol particles at upper levels or in the free
troposphere[23].Compared to aerosol particles at ground level, atmospheric environment in
mountain area is unique because of the lower temperature, higher relative humidity (RH), and
stronger solar radiation[8, 24-26]. Troposphere aerosols over mountain areas are derived
mostly from long-range transport, and are thus representative of atmospheric characters in a
larger scale[8, 27].
A few studies recently investigated particulate concentrations at Mt. Tai [8, 27-31] focusing
on one or two seasons. No real-time measurements of size-resolved chemical compositions of

non-refractory (NR) components with high time resolution for whole four seasons in
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submicron aerosols at high elevated site have been reported in China. It is significant to get
the characterization of four seasons for well understand the emissions of aerosols and the
formation of secondary aerosols. The diurnal cycles of aerosols were also useful to examine
the development of the planetary boundary layer (PBL) and investigate the aerosol
transported to the free troposphere.
A main purpose of this study is to summarize the seasonal characterization of chemical
properties in NR-PM1, compare the aerosols from different air masses and their chemical
features between the alternation of planet boundary layer and lower free troposphere at
Mount Tai. We here report the average mass concentration, chemical species (sulfate, nitrate,
ammonium and organics) and size distribution, diurnal cycles of non-refractory submicron
aerosols in four seasons and different air masses. Moreover, the chemical properties of
NR-PML1 at daytime and nighttime from different air masses were also discussed in detail.
2. Experiment

2.1 Description of measuring campaign
This investigation is part of the project national basis research in China. Experiments were
carried out at the summit of Mt.Tai (36.251N, 117.101E, 1534m a.s.l.). The highest mountain
within HBP, locates in Shandong province. The nearest city to the Mt.Tai is Tai’an
(population: 500 000), 15 km to the south (Fig. 1). The city of Ji’nan (capital of Shandong
province, population: 2.1 million) is 60 km to the north. It is also the highest mountain near
the East China Sea on the transport path of the Asian continental outflow and faces towards
the Korean peninsula and Japanese Islands. Mount Tai is a famous suites place in China, and
it has been declared by UNESCO to be a World Heritage site. Because its elevation of 1500
m places it close to the top of the PBL, it serves as a site suitable for investigating aerosol
particles in the PBL over the highly polluted HBP.
From June 2010 to January 2012, aerosol instruments include aerodyne aerosol mass
spectrometry (Q-AMS) (Aerodyne Research Inc. Boston, TX, USA), Scanning Mobility
Particle Sizer (SMPS) (TSI 3936, TSI Asia Pacific Inc., Beijing, China), TDMPS (IFT,
Leibniz Institute for Tropospheric Research, Germany) were located in an air-conditioned
mobile container. The room temperature is within 25 3°Cto avoid the condensation of water
vapor. Atmospheric air was sampled through a PM10 impact and followed by a PM2.5
cyclone (Flow rate is 16.7Ipm). The aerosol flow was dehumidified to a relative humidity
below 30% by an automatic aerosol dryer unit [32] on the roof of the container before it was

introduced into instruments.
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Figurel. Map of Mount Tai (From Google Earth)

2.2 Instruments, QA/QC and data process

Q-AMS was employed to measure the mass concentrations and size distributions (60nm — 1
M) of sulfate, nitrate, ammonium, chloride and organics, with time resolution 5 minutes. In
principle, aerosols are introduced through a critical orifice, separated from gaseous species by
a series of aerodynamic lenses, focused into a particle beam and directed onto a vaporizer.
After vaporization (at about 600°C) and electron ionization at 70 eV, the chemical
composition is determined by the analysis of the resulting mass spectrum measured by a
quadruple mass spectrometer (Q). The AMS measures the non-refractory fraction of
submicron aerosol particles, which include components that evaporate at the standard
vaporizer temperature of approximately 600°C and excludes elemental carbon, sea-salt,
metals, and crustal material. Several trace elements such as potassium (K) or sodium (Na)
can’t be determined quantitatively by the AMS, as only the non-refractory (NR) portion of
the aerosol is measured by this type of instrument.[33-35]

Considered the expensive running consumer, The AMS was operated during five periods, i.e.
24 June -15 August (53 days), 22 September-11 October (19 days) in 2010, 26 March-20
April (26 days), 5 June-30 June (26 days), 22 October-1 December (41 days) in 2011. Except
calibration and instrument failure time, datasets for 146 days were obtained totally.

The SMPS was used to monitor the number size distribution of aerosols at size range
12.6-552 nm and time resolution 5 minutes (2.5 minutes per scan, two scans)from July to

December in 2010.The sheath flow rate of a differential mobility analyzer (DMA) was 4 L
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min—1, and sample flow rate 0.4 L min—1. The bypass flow rate is 0.6 L min-1, with
condensation particle counter (CPC) fixed flow rate 1 L min—1. CPC counts were corrected
according to the dilution factor [22]. From December 25, 2010 till to end, the TDMPS and
APS were used instead of SMPS for particle number size distribution (PNSD) measurement,
covering the particle size from 3 nm to 2.5 um (Shen et al., submitted). The PNSD was
mainly served as correcting the Collection efficiency (CE) of AMS in this paper.
The CE of the AMS instrument is needed in order to estimate absolute mass concentrations of
the aerosols [36]. The CE is closely related to particle characteristics and aerosol cluster,
shape, chemical composition, size etc. Extensive inter-comparisons such as particle number
concentration and filter-based ions concentration has been used to justify the CE factor. The
CE=0.5 has been reported in many atmospheric studies from Europe, USA and China. [22, 35,
37-41]. Chemically speciated size distributions obtained during most field campaigns suggest
that sulfate is generally internally mixed with other inorganic species and oxidized
species[35]. Thus, the same CE is used for sulfate, nitrate and organics species since they will
experience the same collection efficiency losses (Alfarra et al., 2004).In this paper, based on
the number concentration of particles, a fixed particle Collection Efficiency factor of 0.5 is
introduced to account for the incomplete detection of NR species due to particle bounce at the
vaporizer and/or partial transmission of particles by lens. The comparison between
recalculated SMPS mass concentration and the corrected AMS mass concentration was
displayed in Figure 2.
Detection limits for AMS mass concentration were evaluated based on mass spectra of
particle-free ambient air (i.e., air filtered with a HEPA filter). They were defined as 3 times
the standard deviation of corresponding species signals in the particle-free air[22]. During
this study, detection limits of sulfate, nitrate, ammonium, organics and chloride were
0.03pg- m—3, 0.017pug- m—3, 0.063ug- m—3, 0.101pg- m—3, and 0.01 pg:- m—3 for 5 min
average data, respectively.

2.3 Meteorological data
The hourly meteorological data were derived from an automatic weather station, including
temperature (T), relative humidity (RH), wind direction (WD) and wind speed (WS). At this
site, yearly average temperature was 533 <C, 1843<C and -745<C in summer and winter,
respectively. RH was highest in summer, 904#20% and lowest in spring (March-May) and
winter, 40220%. Lots of rain and fog occurred in summer days, and the total precipitation
amount to 647 mm, about 74% of annual precipitation. The local wind direction was
dominated by southwest and northeast. In summer, the most frequency wind from southwest
and south, southwest and northeast are main wind directions in spring, and the southwest and
west wind play more roles in fall, southwest, west, north and north east wind occurred in

winter. Wind speed was higher in spring (7.043.7 m s-1) and winter (6.047.9 m s-1), and
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lower in summer (5.043.1 m s-1) and fall (September-November, 5.343.6 m s-1).

2.4 Air Mass trajectory and cluster analysis
72-h back trajectories were computed every 6h, that is 00:00,6:00,12:00 and 18:00 in UTC
using HYSPLIT-4.8 (Hybrid Single Particle Lagrangian Integrated Trajectories) of National
Oceanic and Atmospheric Administration, USA (NOAA)
(http://'www.arl.noaa.gov/ready/hysplit4. html). The meteorological input of this analysis is
from Air Resources Laboratory FNL data archive.
Trajectory clustering techniques, which assign trajectories into representative spatial groups,
a popular method to combine the flow climatology and pollutant transport pathways with
particle or gas measurements at a sampling station [42, 43]. For air mass trajectory
visualization and statistical analysis applications, new visual software called TrajStat which
is developed in a geographic information system (GIS)[44] was used to analyze the air
masses clusters for this study.
3. Results and discussion

3.1 Comparison of AMS and reconstructed SMPS
According to the collection efficiency determination and the quality assurance, quality
control methods, the result of NR-PM1 mass concentration from AMS and the reconstructed
mass concentration from number concentration of SMPS was shown in figure 2. Here,
aerosol density used in SMPS mass calculations was assumed to be the average composition
of (NH4)2S04, NH4NO3 and organics, whose densities are 1.77, 1.72, and 1.3 g cm—3,
respectively. With a fixed CE of 0.5 was used for the entire campaign, there was generally
good correlation between the reconstructed AMS and SMPS/TDMPS mass data. Correlation
coefficient (r2) of AMS mass and SMPS mass is 0.896, and the slope reach 1.033. Similar
result also obtained with fixed CE 0.5 for Beijing campaign [20, 22, 41] .
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Figure2. Comparison between AMS and SMPS
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3.2 Results of cluster analysis
Seven main clusters are classified based on calculated results from Trajstat and HYSPLIT-4.8
at Mount Tai (Figure 3). It indicates that the air mass of cluster | (occupied 21.9% of all
clusters) starts from Yellow sea and go through the eastern Shandong peninsula in local scale.
So both sea salt and ground-level air pollutants from Shandong peninsula were transported to
the summit of Mt. Tai. Cluster Il (8.4%) shows the air mass from Heilongjiang province, and
transport through the NCP (North China Plain) including Tianjin and Hebei province,
travelling at regional range. Cluster Il (11.1%) come from remote north-west of China,
transport above 3000m and then swept through Hebei province move to Tai’an in high speed.
Cluster IV (20.2%) is the shortest air mass from south, starts at Xuzhou in Jiangsu province,
which suffer from the serious pollution of biomass burning in summer[45-47]. The nearest
city Tai’an also locates the south foot of Mount Tai. The local pollutants around the location
and regional emissions may be the main sources of Mount Tai. Cluster V (20.4%) is a short
one too, whose air mass back trajectory from the north of Mount Tai, such as Chengde in
Hebei province, pass through Bohai and Shandong peninsula. Cluster VI (6%) is another
remote air mass from north-west of China, more west and further than that of cluster IlI.

Cluster VI (12.1%) represents the regional source from North West of Mount Tai.
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Figure3. Cluster results from Mount Tali

It can be concluded that the most frequent air masses are from cluster I, cluster IV and cluster
V, representing the local/regional pollutants from Shandong peninsula, part of NCP , ocean

and the north of Jiangsu province at most of time (above 60%). The long-range transport air
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mass from cluster VI occur the least, cluster 1l and cluster VII transport similar distance from
different direction. The local emission and regional pollutants influence the Mount Tai at
high frequency.
3.3 Temporal variation of NR-PM; species

An overview picture for mass concentrations (Figure 4a) of different species (sulfate, nitrate,
ammonium and organics), and their mass size distribution (Figure 4b) during the campaign
was shown in Figure 4. The mass concentrations of these species vary dramatically
throughout the whole period, from hundreds to several g m-3 with average value 34 g
m-3. Organics occupies 32% of total NR-PM1. Time series variation of chemical species
concentration showed the highest mass concentrations and higher organics than In October
2010 and June 2011comparing with other periods. It is well known that 1st to 7th in October
are the National Day’s holidays, which is called “golden week” for tourism. According to the
data from the Shandong tourism statistics online government integrated platform
(http://lytj.sdta.cn), it was reported that around 30195 thousands persons/times visit the
Shandong provinces for trip, and about 3000 thousands persons/times visit the Tai’an city
during the golden week in 2010. Local/ regional emission from tourists is a considerable
fraction for Mount Tai in October. In terms of the high concentration in June 2011, it may be
related with the emission of biomass burning. Fire spot data couple with backward trajectory

analysis proved
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Figure4. The average mass concentration (a, with percentile of 5%, 25%,50%,mean,75% and 95%
for Box plot) and size distribution (b) for organics, sulfate, nitrate and ammonium
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the influences of emissions from biomass burning in June 2006 [45], and MODIS data
(http://lance-modis.eosdis.nasa.gov/cgi-bin/imagery/firemaps.cgi) also verified the fire spots
around the site in June 2011.In addition to the organics, sulfate is also a dominant component
in NR-PML1 especially under low pressure and high relative humidity, benefiting for the
gas-particle transformation such as in summer. The strongest emission of SO2 in the
central-eastern plains results in the high loading of sulfate definitely. Relative high nitrate
was observed during end of March and beginning of April compare to other periods. Shan
Dong province is the largest agriculture province in China, agricultural activities in spring is
very active, the application of nitrogenous fertilizer and agricultural activities increase the
precursor of nitrate and ammonium. In addition, the relative low temperature is favorable for
NO2 to transform to the nitrate.

Average mass size distribution of chemical species showed a dramatic accumulation mode
with peaking at 600nm during the whole campaign. Organics contributes more than other
species from within 30-2000nm, Sulfate occupies the second level, ammonium has lowest
concentration. This characterization of size mode is similar with several research works of

urban sites in the world [1, 20, 48, 49].
3.4 Seasonal variation of chemical mass concentration and size distribution
The seasonal average mass concentrations and size distributions of species were displayed in

Figure 5. Generally speaking, the mass loading of NR-PML1 is highest in summer (59.9 ¢
m-3) and lowest in spring (319 g m-3). This level is greater than the upper
mountain-convective layer and lower free troposphere site spring time (1.9 g m-3) in
Whistler Mount[50], higher than March (33.7 g m-3) data in Mexico city[51]. Compare with
the ground measurement at NCP, the NR-PM1 in mount Tai is lower than that of four seasons
in Beijing, which is 87 g m-3in spring, 94 g m-3 in summer, 51 g m-3in falland 73 g
m-3 in winter. Because the elevation of Mount Tai, both air uplift from PBL and that in free
troposphere impact the mass level with the alternation between PBL and FT. The dilution of
clean air from free troposphere results in the relative lower average mass level in Mount Tai
than the ground measurement.

For the chemical species concentration, sulfate dominant the NR-PM1 (34%) in summer.
And it is comparable to the same season in Beijing (17.84 g m-3) in spite of the different
yearly measurements. The higher temperature, high humidity, low pressure and abundant
precursor SO2 make the strong production of sulfate aerosol, and this result was also
investigated in several ground and high altitude measurements in different year [14, 41].
Sulfate pollutions especially in summer is a hard challenge for NCP. Nitrate occupied highest
percentage in spring, attributing 28% to NR-PM1. The most abundant nitrate is not only due
to high nitrogen oxides in HBP region from industrial emission but also probably due to the

unique atmosphere environment, because higher humidity and lower temperature of
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mountaintop atmosphere are favorable for the transformation of HNO3 from gas to solid
phase [27]. But in Beijing, the highest nitrate level occurred in summer, relating to the
vehicle emission and the photochemical reactions. Except a little lower in fall, ammonium
keeps the similar level at the four seasons in Mount Tai.

For organics, the mass loadings of organics were higher than other species in fall and winter.
Ground measurements results displayed organics dominant all the seasons in Beijing[41].
The differences of local emission from the high altitude site and ground site contribute to the
different chemical component result. The highest mass level for organics in fall may be due
to the large quantity of tourists on national day’s holidays and the increasing emission from
incense burning. In winter, both increasing of coal combustion and the low temperature made
the high organics concentration.

Moreover, principal component analysis (PCA) with time series of two AMS tracer ions m/z
44 (mainly CO2+) and m/z 57 (with major contribution of C4H9+ in urban areas) was used to
deconvolve two OA factors with chemical and physical meaning — an oxygenated OA (OOA)
and hydrocarbon-like OA factor (HOA) [20, 52].The percentage of HOA and OOA in OA
were also displayed in figure5in Mount Tai. It is shown that the organics in Mount Tai is
dominated by OOA in four seasons, which with highest fraction in summer (80%) and lowest
fraction (52%) in winter. These fractions are more than that in Beijing, and it indicated that
the organics is more ageing than at urban areas with long-distance transport. The summer
result gets the same level of urban downwind sits in the global research of OA [53]. More
detail study about the evolution and processes of OA in Mount Tai will be discussed in a

separated paper.
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Figureb. Seasonal mass and size characterization of species
Considering the size distributions of chemical components, accumulation mode peaking at

~500nm in vacuum aerodynamic diameter (Dva) was showed in the four seasons. Organics
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display broader shape and peaking at smaller diameters. In spring, organics and nitrate
display the same shape peaking at 400nm, while sulfate and ammonium peaking at 600nm. It
suggested that the nitrate and organics underwent the same evolution and ageing process.
Nevertheless, the aerosols probably present in external mixtures of (NH4)2S04 and organics
from different sources. For the intense solar radiation, active photo-chemical reaction and
high relative humidity result in the same peaking size of sulfate, nitrate and ammonium,
which reflect the same ageing process in summer. It was reported that the sulfate oxidation
ratios in summer was 57% which indicating stronger oxidation of SO2 to form sulfate[14].
Additionally, aqueous oxidation in typical cloud can occur at a rate 0f1000% per hour [54].
The stronger photochemical and in-cloud processes enhanced the growth of sulfate to larger
size range. On the other hand, wider organics distribution in small size maybe related to the
primary OA emission [53]. In fall, both organics and sulfate showed more contribution in
small size, and peaking at 400nm. Several new particle formation events and the primary
emission from incense burning are the main factors for the small organics and sulfate
particles. In winter, same size distributions were observed for these four species, indicating

the similar sources, process and also their internal mixing mechanism.

3.5 Diurnal cycle pattern of species in four different seasons

Mass Concentration (pgm‘a)

It is well known that the thermal circulations common to mountainous areas can result in
enhanced vertical transport and greater PBL heights than what is found over relatively flat
terrain. Daytime increases in aerosol parameters at the site were mainly attributed to PBL
growth that is enhanced by slope winds[55].Owing to a shift in boundary layer height during
daytime and nighttime, the site may be influenced by both planetary boundary layer and free
troposphere. To investigate the influence from PBL and FT in Mount Tai, diurnal cycles of
four main chemical species, sulfate, nitrate, ammonium and organics in four seasons were

examined and are shown in Figure 6.
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Figure6. The diurnal cycle for chemical species in four seasons
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Overall, the diurnal cycles of these species demonstrate the same pattern, broad maximum
were displayed in the afternoon (around 14:00) and lower at night and early morning in the
four seasons. It is just contrary to diurnal cycles at ground, which showed maximum value at
late-night and early-morning, and minimum in the afternoon[41]. The concentrations of
chemical species start to go up at about 8:00 in the morning and decrease to the minimum
level at 20:00 in Mount Tai. Same diurnal cycle results were drawn based on the
water-soluble ions at the same site in 2006 [14]. But no species with pronounced diurnal
patterns was observed at Whistler Peak [50], and being pointed out that the trans-pacific FT
influenced the Whistler Peak more than PBL.

Daytime increases in aerosol concentration at the site were mainly assumed to be responsible
for the transport of valley air to high-elevation measurement sites with the drivers of
convective uplift mechanisms. On the contrary, with the solar radiation decrease, the PBL
goes down at nighttime, and during light wind conditions, a residual layer of BL constituents
often remains above the nocturnal BL for all or part of the night. In summer, a more distinct
diurnal variation for the species was observed, reaching peak from 12:00 and last for 4 hours,
then decrease to minimum at midnight till to the morning. Suthawaree [45] employed the
meteorological conditions to calculate the PBL height at Mount Tai, showing that the PBL
height can reach a maximum of around 4000m at midday and a minimum of 200m during the
night to early morning period, and with average 2200 and 600mfor the month of June
respectively. It is noted that there is fluctuate on the species concentrations at night time in
spring and fall, the weaker dynamic motions and the height of residual layer maybe attribute
to the variation. The high mass level for the species at Mount Tai is related to the transport of
polluted air from the lowland areas due to the strong daytime convective mixing within the
PBL [30, 56]. At night time and early morning, the height of PBL goes to the low land, and
Mount Tai may stay at FT layer. Given these facts, Mount Tai is lean to be influenced by
PBL at midday and FT at nighttime. It is significant to investigate the differences between

nighttime and daytime to estimate the impacts from anthropogenic activities.
3.6 Chemical components in NR-PM; with different clusters
In section 3.2, seven air masses were clustered during the whole campaign in Mount Tai. In

order to study the impact from different air masses, the average chemical mass concentrations
of NR-PML1 from the seven different clusters were processed and displayed in tablel. The
results indicate that the concentration of NR-PM1 from cluster I, cluster 1V and cluster V is
higher than that from other clusters, which is 58.21 g m-3, 51.08 g m-3 and 47.92 g m-3
respectively. The cluster image shows that these air masses from the regional area of
Shandong province, south of Mount Tai and NCP. Pollutions from local and regional heavy
emission such as industrial, traffic, biomass and fossil fuel burning emissions affect the site

mostly. The mass concentrations from cluster Il and cluster VII are lower than that from
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cluster I, IV and V. The lowest average mass concentration is from cluster 111 and VI, with
16.42 gm-3and 13.62 g m-3 respectively. The transport distances of cluster Il and VI are
further than that of cluster Il and cluster VII. The clean air from clean location of China is

able to blow the pollution of Mount Tai away that result in the

Tablel. The average chemical mass concentration from 7 clusters (ug m-3)

Organics  Sulfate Nitrate Ammonium Chloride NR-PM;

Cluster-I 18.2 17.6 11.2 10.2 1.0 58.2
Cluster-lI 12.8 9.1 7.4 5.8 0.8 35.9
Cluster-lll 6.8 3.7 2.9 2.5 0.5 16.4
Cluster-IV 16.8 15.6 9.0 8.7 0.9 51.1
Cluster-V 16.4 11.4 10.9 8.1 1.2 47.9
Cluster-VI 5.2 3.4 2.5 2.1 0.4 13.6
Cluster-VII 12.7 6.8 8.0 5.4 1.0 33.9

low concentration but may bring about high concentration to its downwind places Compare
the mass levels from cluster 111 and VI, it still at high level, but at the same level as Korea
and Japan (11-13 g m-3). The Pacific-transported air mass with the pollutions maybe
influenced these two sites by outflow from China.

Organics is the dominant species (on average account for 35%) in NR-PM1 from all clusters.
Sulfate (average 26%) is the second important species. Nitrate and ammonium amount cannot
be ignored which occupied 20% and 17%, while chloride contributes a small fraction
(average 2%) of NR-PM1. These findings are consistent with many observation from
rural/remote and metropolis in China, e.g. Beijing [20, 41], Yufa [21], Pearl River Delta [57].
It is note that the AMS only measures the more volatile NHANO3 and NH4CI and has almost
no detection for NaCl and NaNO3 under its typical heater temperature of 600°C.NaCl from
Yellow Sea will brought by cluster I, but for the limitation of AMS, this kind of episode
could not be detected during this experiment.

3.7 Chemical components from clusters in PBL and FT
Mechanical and dynamic lift can play an important role in transporting lowland air to

mountain observatories. Dynamic lift can also at times bring PBL air to summits through

upward motions associated with cyclones, fronts, or mountain waves.
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Figure7. The average mass concentration from different cluster under PBL and FT

With the uplift and down slope of the PBL, obvious diurnal cycles of chemical species were
discussed in section 3.5. In order to estimate the impacts from anthropogenic emission from
different sources, species concentration at daytime (averaged from 8:00 to 20:00) and
nighttime (averaged from 20:00 to 8:00) from seven clusters were recalculate and shown in
Figure 7. It is assumed that the results at daytime refer to the PBL and nighttime results refer
to the FT.

Distinction between PBL and FT for chemical species average concentration from cluster |
and cluster IV were obvious, which the species concentration under PBL were higher than
that under FT. Under PBL, sulfate is 22.6 gm-3and 18.6 g m-3, organicsis 20.54 ¢gm-3
and 18.39 g m-3, nitrate is 12.97 g m-3 and 9.06 g m-3, ammonium is 12.67 g m-3,
9.89 g m-3 as well. A large amount of pollutions were transported to the summit of Mount
Tai through convection motion with these two direction air masses, which swept over
Shandong peninsula, South of Mount Tai and North of Suzhou. Under FT, sulfate and

ammonium is about 70% of that under PBL, organics and nitrate is about 75% of that under
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PBL. Although the site maybe influenced by FT at night, the mass loading level is
comparable to that at the ground measurement. The high species concentration in PBL and
FT cannot be ignored for their impacts on changing the activation of cloud condensation
nuclei (CCN) and the regional climate.

For cluster 11, both sulfate and ammonium decrease under FT, but no decline for nitrate and
increase for organics. The increase of organics probably results from the North of China
through horizontal convection at FT layer. The weak increase for nitrate from cluster V at FT
can be explained by the nocturnal reaction of NO3, but it is not very clear about the augment.
In comparison with cluster I, 11, 1V, V and VII, the mass concentrations from cluster 111 and
VI are lowest. Sulfate is about 3.5 g m-3, nitrate is above2.5 g m-3, ammonium is 2.5 g
m-3, and organics is 6 g m-3. Clean air from the clean and remote location of north-west of
China lead to the low concentration mainly. In contrast the species concentration at PBL with
that at FT, no obvious differences were observed. It is concluded that Mount Tai is not under
the controlling of PBL when the air from cluster I11 and cluster V1.

3.8 Size-dependent chemical components in PBL and FT

Figure 8 summarizes the average size-resolved composition of aerosol species from seven
clusters at daytime and nighttime. Daytime data are in solid lines, and nighttime in dash lines.
Generally speaking, organics demonstrate wider peak than other species for all the clusters.
Except cluster 1l and VI, similar size distributions of species at daytime and nighttime for
cluster I, 1, 1V, V and VII were observed, with an accumulation mode peaking around
600nm. For cluster 11l and VI, all the species show a broader distribution that extends to
smaller sizes, with peaks at 500nm for cluster Il and even at 150 nm for cluster VI. The
different size distribution related to the aerosol sources and process. Air from cluster I, 11, 1V,
V and VII represent the different direction of local/regional pollutions transported to
high-elevation measurement sites by convective uplift mechanisms, as well as the
gas-particle transformation and ageing process. The size distributions of these chemical
components show the same shape at daytime and nighttime, consistent with that observed at
the ground measurements, suggesting that the site is subject to the influences of PBL at
daytime and FT with residual layer at nighttime. For cluster VI, the obvious peak at small
size is a result from new particle formation events under the favorable meteorological
situations. Dominants on sulfate and organics at Aitken mode verified the two species

participant into the new particle formation and growth processes.
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Figure8.Average size distribution of species from seven clusters in daytime and nighttime

Investigating size-resolved mass concentration of main species sulfate, nitrate, ammonium
and organics in NR-PM1 between daytime and nighttime from seven clusters, it is higher at
daytime than that at nighttime over the interested size range from cluster I, II, IV, V and VII.
The movements of uplift and down lift for the mixture boundary layer during daytime and
nighttime result in the increase/decrease of species concentrations.

No obvious differences on size—resolved concentrations at daytime and nighttime from
cluster 111 and VI were concluded, moreover the size distribution of these species were also
same. The same on the mass concentration and the size distribution on species at daytime and
nighttime, indicating that the site is controlled by the free troposphere most of time for these

two clusters again.

4. Conclusion
The mass concentrations and chemically-species size distributions of submicron particles

were characterized in situ with an Aerodyne mass spectrometer deployed at the peak of
Mount Tai from June 2010 to January 2012. The concentration, composition and size
distributions of NR-PM1 varied dynamically in Mount Tai, suggesting influences from local
emission, regional and remote transport under the different meteorological situation and the
complex processed. The mass level in Mount Tai is lower than that in Megacities such as
Beijing, but higher a lot than some cities and Mount sites in US and Europe. The Seasonal
features for the chemical species including sulfate, nitrate, ammonium and organics were
summarized in this paper. The highest season of NR-PML1 is in summer, the lowest season is
in spring. Sulfate nitrate and organics aerosols prevailed at Mount Tai. Sulfate dominant
NR-PM1 in summer, Organics play important role in summer, fall and winter, while nitrate

prominent in spring. The average size distributions appear similar in four seasons, with a
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large accumulation mode peaking around 600nm. Different mixing states for species
observed in different seasons, which showed internally mixing of nitrate and organics in
spring, and organics and sulfate in fall. In addition, OA at Mount Tai was composed by large
quantity of oxidized organic aerosols, that OOA occupied 80% and 60% in summer and
winter respectively.

Seven main clusters were classified by back trajectory and trajstats analysis method. Three
short path from north, east and south of Mount Tai, two medium path from north and north
west of site, and two remote path from north west of Mount Tai. The higher mass
concentrations are, the shorter the air travelling. The air quality of Mount Tai was impact by
the serious pollution from the Shandong peninium, NCP and North of Suzhou. The air
masses of cluster 11 and VI from North-west bring clean and dry air to the site to sweep the
pollution away.

Diurnal cycles of species in four seasons show peak at afternoon and valley at midnight and
early morning. This particular diurnal cycle is related with the dynamic convective motion of
planet boundary layer, and mount Tai is more likely locates in PBL at daytime and FT at
midnight. Chemical mass concentration and size distribution of seven clusters in PBL and FT
were researched also. It indicated that the Mount Tai was controlled by PBL at daytime and
FT at nighttime for air masses from cluster I, Il, 1V, V and VII, but it is controlled by FT at
the whole day from cluster 111 and VI.
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B T A RE TIOR8 AL B % I T e PR

(REE', 5, HER° HER . ")
1 EHIBARE (R, &R
2 BFIRBEFIBR B IRE 7L T

W OE: RESEIRRERE N A B Gl Bl ek, 2
) R ESHIE RN, 2R T AR AORL (PM.s) BV 98% H P28 (55 )\ KAH) B W Bk
I, 2006 4911 ve/m’, 2012 4FE465.0 we/m’, DUFERIE 28.5%; PM. s H FH{H %
BRI SN, 2006 4E 45 40.4 ng/m3, 2012 4E7%4 33.0 ng/m’, ERIE 18.3%, M
AT R T T UM BR R AR R I SRS 2 . i 4h, TR PM.s 538y e,
Bt 2006 2 2012 FEEH PMs/PMuo 2 LUAE, FTEBER 0.4470. 54 CFJ 0. 49) , bk
0.4970. 53 ("1 0.52), “Z¢rgufi 0. 4370. 57 (*F4#4 0. 52) , B EguL 0. 5470. 66 ("3 0. 58) , #H
71~ P BRI (N & e k) B RE S 7S G ARG (Wog g wh) , HA R e IR s (2 R
5) PMa. 5/ PMuo HAFL 7 BF S8 v J1 R0 8 2 3Rl (e pnky) ,  BRAH B SORR 2 W e R &, R pr
T2 A8 1 2 3Rk 32 Je A P R TR IO R R K, T IS [ S Rk [ 32 AR v YRR 2, G A AEAT
ARV RGBT R

REEF: AMBEZRRL, PMs, GRTH

586



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

A B2 RGAE M B PR AL Bl S R K BRAL Z R

(Rst!, Mg, 7P, wEl’, BEEF, 1457, BHE')
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W B R KA AR S R R B SRR PR, 3 A A R AR R R
vy LR LB RS RARR & S SR P VT RR T B R 2R M T E S M AL
EREEIEIEY, WATERRERER, oo K BRNGE (pH) S AUER LA, s DARRE 6 AH b 7 B2 Y
B Ry B R K R AL SR ERT o S AH I 2 AT L) A R AL JAL, R AR AR R R R A 50
mm 100 mm . AFHEFRENM 7 AE 9 H pH HEESMGE 4.0 £ 6.0, EAKER
BMK pH A FFES] 4.075.0 W, BAEEA FREREE. A EREMM, 7 = 12 A
B H BTN 8542 R4 6. 7%, 19. 2%, 47. 4%, 48. 9%, 83. 3%. HIREEAS REER, 10 HiEfg
PR W S AR AR R T, b SRV RR A 5 b SRR ARl A B A K, BRI T3 38 FE 60%.
H KA L Ry A W A SRR, RO AR R /K P Na' C IR iR, SR 5 2 R AH
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Analysis and characteristics of visibility in Shenyang from

2010—2012

Hujia ZHAO*"¢, Huizheng CHE?, Xiaoye Zhang?, Yanjun Ma®, Yangfeng Wang°®,
aKey Laboratory for Atmospheric Chemistry (LAC), Institute of Atmospheric Composition.
Chinese Academy of Meteorological Sciences (CAMS), CMA, 46 Zhong-Guan-Cun S. Ave., Beijing
100081, China
®University of Chinese Academy of Science, Beijing 100049, China
CInstitute of Atmospheric Environment, China Meteorological Administration, Shenyang 110016,
China

ABSTRACT: Using the visibility data during 2010 to 2012 obtained at Shenyang Atmosphere
Observation Center, the relationships between visibility, PM mass concentration and
meteorological elements were statistically analyzed. The results show that: The monthly averaged
visibility over Shenyang is higher in March and September with values about 19.044.3km and
17.144.3km, respectively. Low visibilities over Shenyang occur in January about 11.034.7km.
Among the meteorological elements, wind speed was the main meteorological factor that
influenced visibility and the PM mass concentrations. The number of days with visibility >19.0
km and visibility <<10.0 km in Shenyang are 59, 123, 145 and 132, 119, 121 from 2010 to 2012.
The relationship between visibility and PM indicated that human activities are already main
sources of the pollutants, especially the fine particles which is the most important factor for the
deterioration of visibility. The study shows an obvious diurnal variation and weekend effect of
visibility and PM which are mainly due to human activities.

Keyword: Visibility; Particulate Matter; Shenyang; Northeast China
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Fig. 1 the topography of Urumgi city and geographical distribution of the sites for monitoring air

pollutants and important industrial pollution sources
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1.7 M, FEEIT A oA R B P s i, 2012 4E 1 H 1 Hils, SEAFHEAR
73 NI ER ST AR SEEETE T 1 (RS AU R EARE) (GB3095-2012, T AR HTARIE) |
25 TAROR R4S ) S S e N ZE 6 I (PMios SO2. NOzv PM2s. CO A1 03)
o315 B BRAB BE A% . BRI, 2012 4FIXANAZE I 2SR RN 5 B AR SR UL IR
B 5 JARN T S (R A T

2013 AF DARGA T 55 SR T 1T K5 G B AR AR 7T 2 56T 3 /N il (i 2 s e
MBE AR « WHILR, 3T PMuo MR EERIEZ HHTE 171 12:00~16:00 (FRALEIHS, &K
F b (B 95 FE AL R 222 2 /D) Z AR, 22:00~02:00 B HEBLIRIEAE s SO, ¥k AR TR
FPMo A2, FEIRIEAE BT ] 5 PMao IR —5; NO, tH R IIRUELE M, 477 Rz 1
SO IR JZ R [ 73 A AR ER T IX. (W B it ARG >ty GRS AMAE) SAERTT X (8
TS ARE) 5 AT NO2 H T 349 B2 8 58 H 1359 B — ZibrifE (GB3095-1992) 0.05 1%,
HA 18 A AR BB T X > AL X > i, B3 iy SRs A 1 R 8, SRR ) PMyo ¥R BE{E
NI R bRt TR FE IR 2.31 5 o T X PMyo ¥4 B2 A8 4k A A 30 7 X > b3 17 X > T+ 00 (2010
) I8, 2013 ARG, DB ARG RIS s GEZA 74, Hisgmhkt
FHRISEAN: N2 A 2= R R F AR, RO T 3Ty G HErs, BRI ik AT RO 5
S5 RARTT e S BUARANSE, 245 8] 2 A1 1 it 55 3k e PR 2 BE T A 2R AR 4, BT A B RS AE B Bl bR T
R SRR — 2P0 50 . X B T-JRAT T s A ORIk 7 K05 e,
RIS MRS ey FRAS TR SE R 2 R 25k

2 B, HiE. EEBREARRSTE SIS A AR
2. 1 B 75
20131 H1HOR L, SEAFH IR @EL ML Chttp://mww.wimghb.gov.cn/) 8] Ak
RATETTIA KT Y MM 7825949 (PMaow SO2v NO2. PMas. COFIOs) FIEIN M
DR . 7 EDES H EFRIAE U B B 31, IRillsh . B4R, 749, SEIRRIFIK AR
X, HARMIEA, AT W LMK L. TR Ley5 QA T AR 55 I, BRI e A3 2R S o H
DUECHE AN HERR BRI IR o DR ZR KBRS R IR %, A SCAMVE IR ANl 88« A SCES i
Bl AT ARG G H AR RIS S 120l 2805 Be 24/ NS A R0 I EicH s = 184
s AT AT REITG YN PR BE A, 610k m 2 /b =3l U AE A AU IIE . K
M BRI, 20131 H6H ~3H13H WA, RHAGH| T KLAI63 K. /K54 HIAME .
Pbah, A S E AT SR RS (AirPollution Index, R CEIFRAPD ¥k H
T E KA EEB MG Chttp://113.108.142.147:20035/emcpublish/) o [EIIEK 7 [F i) 12 &
RFFAGSHANEE . BRI KU, BEK. RS G EE .
T GEARFRAIT R G b AE B
Table 1 geographical information of seven sites for monitoring air pollution in Urumgi
Ui Wegk e 31 WS BREE 7arh SERY; OKARIX
gRE° 87.61 87.65  87.59 87.56  87.42 87.50 87.66
AiEl° 43.77 43.83 43.84 43.87  43.87 43.94 43.97
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P L rp BRI 2RAR R A ORI 78 X 3. W I 25 A B 1T LA HE 5 B ARSI X 1T 43 M
FIRX S KRR X ANTA TR S X o EE R UG B, S8 AR 3 Z W TR — L
KEFERE S GiTO~Q) KLk FMAMENAMX . H, et z,
AR Ao B P E A M S &R A TR (A  EREATHRTTEAR.
FRAEPR IR HL R T ERAFH R A BR A =] (4 [l A5 K 1) vy B RV FL AR PR 2588 FH F
FEEA PN  RFEKIE] AR S E AT o RATKEEVE X 7 A 5 KR
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MAA3FK, EEHEA AR EEBEEA A YK E X KRS .
2. 3 RAT5 G Ma ik & H R0 305

B EARF RN IS X FEA R OLELD - Tk T 28 AR e, 1%
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B 75 K7 A s i L 4T ME M2 e ), TR B R SR K YE ) AN 3.3 kmAi A o 31 EEAL
TEEARFIRX AR, RFIT AR RNAIAERRG 31 R /K ik 59202 K,
FE IS 704K, IR AL 7702 kmiE RSt AL V4 35 S5 1AL, [RII s Aok Ie ) AT KU
JBE B 31 B 2R R B AN AT 3.2 kKmAT1.8 kmo M AR F I T O, AR AR Fe X AL
NI P 3k ] LT % B R AN S BT TR AR I X A Sl Bl P, JA A dkor, 22 id
WIS . IR B S B ARSI B S TR O (B EARFHRE O —) HE
PEBH300 mA AT o 7TAHRAL T SE AT Lt X, ARRIRXTGH . MR A7 & ] W,
T4rF A AE =L LLAL, M K. SEIR AT S E AR B S 28
Z 18], AERTERAO KA SE s B, R B3 LTI, AN — L RVE IR S B AR
PERRATE SIS A I Ao KRAR XA TR IX AR A6, F AR M43 A7 3 35 Yk
Pk CAEBFFRRHES:, KA (BLRCRKRRTD XRS5 REh R L T (4
HRE. B B, BEARF. KR BANWE, FEPHR058E808109.

3 R
3. 1 5 4H i) 25 18] 43 AR RRAE

Bl 2 RFIH S E AT 2013 4 1~3 H &k sii5 Y- 58 2216 (1 6 2875 Y= (8] 4y
M. B 28R T PMo AR OL . 7] WA T A 2= PMao S F 2T 0 XAK 1Y
JE v AR Ao B TR P EH A3 T AR5 31 1, Dy 296 1 g/m?3, S AIRAELTE MM, 2 224 1 g/md,
31 R ER IR KBS LR e it L B — e I BRRRAE A, B RUBAT I S B ARSF T X,
31 LRI RRT L KRS s TS R AT B, 1T 74 H PMyo 5 B E S )\ AN AT RE
RABK, LB AR XA T A= RIS maR K. e, S8 ARFA T4 ZE PMp
15 4B HA T 151~200, 32 5 PY 2 TS YekF .

Bl 2(b) 7R T S BRFTAZENRURI) PMas W BE RS 8] 73 AR . 5 PMao bLER, WAL
22 SR, AR vk b IR R G R~ R AR R Y, (H R S K AT AR TE 31+, Oy 201 1 g/md,
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SEG AR EBEH S, N 195 wg/md. WL ATANURI IR FELE 6 sl E /N, A 145 ng/mé.
B R, HRTRLYIAE MAL TANMY HRBOS RBOR . WA FhnitE, 7T L5 B R TG B4R 80
T 200~300 2 [a], NHHKEEIGYR, HPMoiGHInE 1 4.

Kl 2(c) & BB ARFAZE SO, i) 734 ], SRIUAIRIX A Oo~Fh I D, X
— A EIEH CO (UL 2(e)) - FLEUE R, SOz 75 Yt ™ H IS EEH, S 109 1 g/im?,
15 YRR Rl 5 T T IR U B T, N 47 ng/md. IRIEHTARAE, SO2 75484 50~100,
J&T R . COWERmE LIERMEE (LK 2(6)) » H8mg/md F/MATE3ILH, A
3mg/m3. W4T CO V5 YHEH T 100~150, & TREGY. mT2A % Co 8k
H BRI A T8 7 R AR ZE R, DAAE B T Rl T 4 200, BRIk E AT CO HA B G fii &
NE

NO, (F2(d)) 5 (Kl 2(f) a0 LTI W1 NOp e FE Kk 2 I g A i ik
AL, RIS X I (96 1 g/m3) ARG ES T XYL 38 (93 wg/m®) A dbERIE L ik (5L
HR A AR, ZRBIGRE AN 76 wg/ mé, IRTTTHE. B NO2 ik & L
FAEER 1.2~1.3 £ JH AP NO2 Br BARKRIESL, T2k B TR AR . IR
RS A NO2 e X (A MMl A 2 BT ) R 53 A £E 3 117 28 388 1) = 3 P,
S5RERA BB ARACE. KIEFaE, TS E A4 NO2 V5 Y485 T 50~
150, M F 2% (R) ~=% (REFE .

Os iR /A (LK 2(f) ek Foyrg b al, X &Ry NOK &&=k Os 1T
o 8 ARFEH O IR DR EG RBUS 2% AL R &K, NO HHl e, F R AN ™ A4 W]
SAIHIER, B RAETEFERAR Ry, PRI RAWRE AR, R R g i A 18 u
g/m3, WFFEXALTR RLE, A 27 wg/md. (RIEHTARAE T DAHEWT, 28R4 T HATIEH
A HIL 0355,

3. 2 54 H ZRALARFE

Bl 3 45 T 2013 4F 1~3 H B8 AKTF 6 Nl s M 4Tl 6 S5 Yepik BE 1B I AR 10 h 28
A, SRS T s R AR 2 T8 ik, N PERE, SEH
A5 Ak B fe K )72 O (55.6%) , SO. (33.8%) . PMyo (32.8%) FftL)E, HASIEE/MEG
e NO2 (17.2%) .

HE3@). EI3(0)rT I, BURIAIPMo. PMasi) H A1k ih 2R AR FAHL,  #B 280 X 25
Fo BRI Z G, PMiow PMasiRFEIZDHENN, BH i BUA B 4K 1SR —NMEME, 7l
BIEE 150 . 165, % A319ug/md. 213 ug/md; MJEIEDE TR, 205k 3] —AMEA .
G225 YR FE SCA T BT, ROk 58 AN, XA A REMRZ . R
6~~8 [ I 42 K S /b — M, O7HTPMuotH 4 R e AIRAH (214 png/m®) , 08H H BLPM2 5
Hif/ME (148 pg/m®) o 230485k, [ A 2 W TT# S /5 T 1 R4 H AR RE 7
(19271, 5 Juix P XU Y ) H AR AE B AARAE 5 K SRR E FE . ARSI H B G IR K HIE
Ro BHEINA, FRIT YR IE HIUEE S b Y 0E i RN DA R 5 B R I
FEBY BAFE K. TR Z R R, AR, RS e, SR
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HUBE 758, DAY S G L AR B 05 G AU e HH UL e (EL AT T BT vy i Fl ) 2R i KT
Ko BEIRRARRTIRIRSS, KUZRGETRE, §iReNZE, B2 K™ ARk it
FAERAN, M NRIES IR, 15 RIS — NN . R BOR U T Bl
BHAME I, NFKIESRAD, iR W/, TSR, 15 G R R AR 261, {H
s BRI T O-2UR P R T 2227, ) DU S0P BT S Qe A 5 g A
FEFE B (8] LAY & 1 Ll 3 TS R R 3 — N EAE RN SE J5 R o 022 M BRIk
RIS — AN W ELAE HE AR A JR 1~ 2 00200, 8 PRRIUIAE rp AP 11~ 120 19, 58 K55 D9 /F 15~ 161 .
DAL b SO 95 e B — A WA Y BN ) 1 B A e R R 1 ST s X L 3 i 3 5 22
BB TS EARFRYL, AR R, 58 ARG AL h A 14~15 51 L F-1X 2]
SR, AR R BB, T BRI B A A B A R KAE . kAT, (it
MRF R SRR 5 YR — MR B0 L I 18] o SR A PT RE R L 3 v A 1) = s
T— 1A KGR R -
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K2 58K 201341 H 6 H~3 F 13 HIAIE 2875 Sk 2% 8] 734 ] (a) PMaos (b))
PMzs. (c) SO,. (d) NOz. (&) COHI (f) O3
Fig. 2 spatial distribution of six air pollutants in Urumgi from 6 January to 13 March in 2013
(@) PM1g, (b)PMzs, () SOz, (d) NO2, (e) CO and (f) O3

BERFFAT SO E HAZ 4L (B 3(c)) « CO HARMLHIZE (K 3(e)) 5Bk 2 7R
K, #OEIET, H 6 uh HARA i 2R UG . Tl SO WK e = 8 s LU TR 22181
i, A 13 B AA IR KA (82 pg/m®) J5, FIELE/N, BEERR TIEREREN
B (55 pug/m®) o Bk SO, HARM M Z XA, 2 MEAEAER K B2, & B
PAE 12 . OB, WRIED BN 124 pug/m® 1125 pg/m3, 5Pk HARRL, Yk 2t SO,
W ARG B s Y, HARIE AR SR . 2012 FF AR, B8 ARSF BB DL 1)
X AT 7 RIS U AR, BRAH T AE A3 X — 7 T B T R B A #EA T4
JI, Iz —Lel 2 45 5 AN B C 2B /NP R EL G i, (R SO WK AR LL T 5
i 0 R o S Ak, DAERIEFE B 2 A DL, 41T SO FURITKEY) 52 N3G Sl A1 G SR AR I 520
FE R H AR LB — 8, X 5 A a6 T7 IR T ARy AH AL 301, SO, = ERIE 2 A
WRRHC JE ATMAIRIR ) HIAke, AW as BRI ™ A1 SO, Ei i T HAB IR
B, & 3(c) B R BB SO, HARL M 26 B XA, 2 75 b U B | T e TS
GO F R T 3 T 9T SO R FE I H AR AR g 7 IX 75 AN R B 2 Hdn it — P AL .

2117 6 3l CO AL LA (K 3(e)) (Lt ki s>, CO KR EH ME HIAE BF
118 (5.9 mg/m3) , H/AMENILE 18 IF (4.7 mg/m3) o CO A B A A= fir sk 1) o] DAHEAT [X 3
ik, SRTAEIR T DRI /N TR R B, R HLE) 250 CO MR FE I DTk o 3 Mz ik
SE T HIEARRIVRERD (H2 B8R CO 1 H AR AL h 405 th Bl an L g shlX. CO ik R
185 NATTAZIE H AT I 18] [R5 R XU 25 A R B2, i B 5 B R S5 I8 A7 LB T Gl S e & 1T X
CO MR IZAL

NO, LA RN VOCs 2 Xt it |2 M6 7 [ S A Os [ HT A4, 38T 5 G4 X 3T
HiJZ O3 M EEAR A 3= 57 Rt oAb AR Rt .t 3(d). & 3(F) AT L, NO.v O3 ik HAZ
WA L8 AL AH o 42T NO2 i EE AT 2 I 5132 /= 8 I — EL4EHFEUIREL(T I B (IR 83 pg/m®),
8 I LG 218 n, 12 B HILEE —ANE(E (88 ug/md) & 1M e AL NI%, 3 23 A A NS
fH (83 pg/m3 , ZJaAMHE LA, FMe L 23 B AL, NOIREAFIH KE (103 pg/m?) .
X5 RN TT NOK ik 35 1 XU S5 A4 A7 iy 22 3182 331, 7] O YR B B2 11 2 S5 3142 = A IE AR
i, R 10 BB /ME (15 pg/m®) 5 11~14 IHHUE BT, 4005 16 I A4 N EE (34
pg/m®) , FHEJE 18~22 I PRI . NO2 Os WK K ALIXFER H AL H1 T~ F R BE & KPR %R
IR, AW, N NS S B A A R RS I (NO IR H I — A
SHUEMED , REUGHFIRNIZLINGE, REFERTHFE, O iR, X Bt Os i fA
P NOo # B2 MAHRH AR 71 JE i Mok ss, I i R A B, thah, 7 Z MR
IR R T RETHAE R A5 B0 NO, GREEXS RGN , O3 AR il 1 FHuAL, Os
IRFEBHT S HEZE, O ufbPid e e 1l, NOREEIZ LB . AW HEBR
N, NOIKFERE — B 4ERFICME . WS 9% It NO2 K FE AL AL B B i 22 AR OK (LI 3(d))
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Kl 3 & AT 20134E 1 H 6 H~3 H 13 HHIE 7 Al s S 2 -1 34 % 2835 4L H Al
28 (a) PMyn (b)) PMas. (¢) SO2. (d) NOz. (e) CO. (f) Oz
Fig. 3 diurnal variations of six kinds of air pollutants in Urumgi from 6 January to 13 March in
2013 (a) PM1o, (b) PM_s, (c) SO2, (d) NO2, (e) CO and (f) O3
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3. 3k O MBI T A FE R ELR SN
331 R TERT E AR ERX Lot

2012 £ 10 H 15 H, SEARFIFIE KR IR O IR IX R B Hy . A SCRA
2000~2012 F£42% 12 H~IRAF 2 & H 19723300 2 Fa 00 BB & 2 U & AR EA T 0T
EL 3 #7. 4 5 2000~2012 FE4ZE1T 90 K API T ELE . AT 0L, 2000~2011 4ERT 12 MAZE
B H APHEIR . #REE 100, fmORfH HBLEREA 1 ] BA), #3000, 4%H GB3095-1996,
TRFEANE, JETHEEGY: M 2011 FX N4, £ 12 AJR~1 A Lf), A 5K API
79500, 13 KRAT 300, FAUFENVHREGY: K 2012 F4ZF, W RAEFARKREE,
I —R API 280 250, H AR RECFEAETE 200 LAY, B GE AT 2S5 i B A i 7E 11T 2%
B RE R I, XA E R S E AT R TIRZ, ULIRACRIER
PR AR RS B 2 — N BT AT (R 5 Mt

—e—20114F —m- -20126F ---oA---- 2000-201 144

o W .

w0 AV
0 RN
B E—
S D | SN D S
5 200 LN fbaf: b A LM 4 I,
LI : A LS A AN

100 o \- Vv
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4 AT 2000~2012 X ZEE H AP A
Fig. 4 the evolution of air pollution index of winter during 2000~2012
3. 3. 2 RS LB EWME U R[5 RWE R B gt

T 245 TIRANAFRIGG YAkRE H A AR ETRE 1000 Mgiitas R T H
AT S8 RS R, E TS5 YWl & PM2s Al PMyo,  H PMa2s IRIEFR KECH 55 K, AR K
87.3%, Wl T PMio (42 K) , [RIISANEEZAL CO, Hilhs H#thik®] 1 41 K, {XEE PMyo
1R B EARF N — B RATG G E SUA B H RS 4% PMas, AREETHHS PMao, [
I 2% CO.

2 TR IR BT $1 % s D3l 7S S5 Qe (R b I 3EAT 1R 3 20, DU oR AT S 3k T
ARSI V5 G PR R . M EBEAR H AT, X o, 1A F) 208 H T X
74 vy ST R XU B AN LR, #R R 146 H .

#2 201341 H 6 H~3 H 13 HEYEARF& KGRI IR REL
Table 2 air polluted days of six air pollutants in Urumgi from 6 January to 13 March in 2013
el 31+ A WG RBME AP BRI 4
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PM1o 42 34 40 38 39 35 42
PM2s 55 50 56 58 50 48 55
SOz 1 3 0 0 0 14 0
NO2 39 34 51 25 43 37 19
CO 15 25 61 58 14 39 41
O3 0 0 0 0 0 0 0
R H 152 146 208 179 146 173 157

3.3. 3XFRERI S

WHE T ES R )55 AbrdE (QX/T 113-2010) B4, 4815 & A A ZEAL L H ) PM2s
WKEE (575 ug/m®) SkfifESE RN RES®S, NES AT, S8EARF 201341 6 H~3
H 13 HH 63 KA FWM H FAH 7 K PMas HFIR FE<T5 ugim®, Bl SR 42 88.9%I1)
HP#2&EH, WSS IR35E H TR A% A LhrE Lo A KE H PMos K E
P, BP>150 ug/me, AT ULZEILIY BOIE A 27 H PMos H 3k E>150 ug/m?, K 35&E H (LA
TREF 42.9%. FHICARAE, A5 DRI LCAIBTHHIL T 8 IRk R HE, B K I
PR 5 % (1L 25 H~29 HD &

350
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©c 225
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431:[,(175-
& 150
3 125 |
Z 100 f
75
50 r
25 T
O T ] 11 11 I
Y —+4 —=H —H H H H —H —H N &N &N N AN N N N N OO OO MmO MmO ™M
S & &« B @ 9 I KN S I B d 9 K S B 6 I F K S B
- +d +d N N N ™ - =+ «+H€ N N « - -

K5 5EARF 20134 1 H 6 H~3 H 13 HEEARF H T PM,s AR
Fig.5 the evolution of daily average concentration of PM_s in Urumgi from 6 January to 13 March
in 2013

SHPLIRTL, GERFKE RS EGMHRE, BRI Kl BKERGKR, S5
R IEARKR, CHRZENRE ML GENER D « KERHIE, Fmd T sk
A, HRESE: KERATGEREES AT KRB ERAEEE R .

® 3 BEARFHIME PM2s ik 5 IR ER AR R EL
Table 3 the correlation between daily average concentration of PM2s and some meteorological

factors in Urumqi
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MXHEE  BEILE KGR JEE WiRE O mE
M &R¥  -0143  -0.176" -0.12 0.164 0.392" 0.116
Fid: 7 FoREIL T 0%IMAE AL, o RoRIERL T 99%MIE FER G .

4. /NEERIVHR

(1) BB AT TIN5 Y 173 (8] 53 A0 TS & AN E] o PMao A& 3 1T Lo~ 41 Fil ik 1
R, SO, Al CO NI T Lo~ I 7Y, P AL A PMos AT O3, R LIRS 2 NO2.
NO, 1 Oz B (M /3 MWL FAHR . ZREKE, DEARFTET/NKIG Y5 Reta 0N i 3
WU E: O3 A EIREUE KT, SO, NI KR, NO BT 1T TZ R~RAEi5 Y [a],
CO AR MIE Y, PMwo LBV ET5 YK, PM2s A V 9 E B 15 44K T

(2) BEARFATNH5 YY) H BRI Os (55.6%) , fF/MAE NO, (17.2%) .
H ARy ARUELER (U1 PMios PMas. NOp) « FRIEZEH) (41 SO, CO Al Og) o &K
FEH BT B 13~16 B A& — K 5 Jedi oy e E 1 B, =25 94 PMaow PMas Fll SO2 ¥ #B
BB T AR MR, BR 78 B A A g — R SRR BT IR B, 7N I8T5 ik
Iy EPOE i

(3) BEARFFATREIES R TR B 7 A0 E, (R KRBT E AR
FLB ™R, JEHAR PMas N IANBURIAYS YA R i (87.3%) o 3T HH O X V5 YAt Xt
D E, T X R SR R . $% I PMes H P9 E>T5 ug/m? F1>150 ug/m® W7, &ZR%E
H H B E sl 43 51 52 88.9% 1 42.9%, HEMXHEEE . eI, K. FMKERAHKKR,
515 2 2 BN IEH KRR

BEARFRB OB, — Mg ESR, MBI R EARERNE R, 5
— 7 THI A& ZE IR S50 UR R R KK S8 1 3 TiT S A 1 el i DRLEG 5 P ek AR 22 307
B, BEARFFHGIDTIE HBMILE . 122 RS E R IR 2 Rt anfiikidy)
WRBETE I B e, 3K R IR S BTl = A5 44 (SO.. NO2 Al CO) IH M H e
S AR, GBI X A SO AR KR A R R H AR LSS . XS R ERATS 5
AT IR RERKMERATE RN BT 5T
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