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Abstract. PM1g and size-resolved particles (9-stage) were aerosols in the mountain samples demonstrate that domestic
simultaneously collected at Mt. Hua and Mt. Tai in cen- coal burning is still the major source of PAHs in China.
tral and east China during the spring of 2009 including a n-Alkanes and fatty acids showed a bimodal size distri-
massive dust storm occurring on 24 April (named as DSbution during the nonevent with a major peak in fine mode
II), and determined for organic compounds to investigate(<2.1um) and a small peak in coarse mod@ (1 um). The
the impact of dust storm on organic aerosols. High molec-coarse mode significantly increased and even dominated over
ular weight (HMW)n-alkanes, fatty acids, and fatty alcohols the whole size range when dust was present. Glucose and
and trehalose sharply increased and almost entirely stayetiehalose were also dominant in the coarse mode especially
in coarse particles when dust storm was present, suggesin the DS Il time. PAHs and levoglucosan concentrated in
ing that high level of organic aerosols in the mountain atmo-fine particles with no significant changes in size distribu-
spheres during the event largely originated from Gobi desertion when dust storm occurred. However, phthalic and suc-
plants. However, most anthropogenic aerosols (e.g. PAHsginic acids showed bimodal size distribution pattern with
and aromatic and dicarboxylic acids) during the event sig-an increase in coarse mode during the event, because both
nificantly decreased due to a dilution effect, indicating thatare formed via a gas phase oxidation and a subsequent con-
anthropogenic aerosols in the mountain atmospheres durindensation/adsorption onto aerosol phase. In contrast, tereph-
the nonevent period largely originated from local/regional thalic and malic acids are mostly emitted from combustion
sources rather than from long-range transport. Trehalose, process as fine particles, thus both showed a fine mode pat-
metabolism product enriched in biota in dry conditions, wastern during the whole campaign with a minor peak in coarse
62+ 78 and 421181 ngnT3 at Mt. Hua and Mt. Tai dur- mode caused by an increased coagulation with dust during
ing DS 11, 10-30 times higher than that in the nonevent time,the event. Geometric mean diameters (GMDs) of the organic
indicating that trehalose may be a tracer for dust emissiongerosols above are in general larger at Mt. Hua than at Mt. Tai
from Gobi desert regions. Molecular compositions of organicduring the nonevent period. We found that during the event
GMD of the fine mode organics that derived mostly from
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the local/regional sources rather than Gobi desert becamdust storm event originated from Gobi deserts (north China
smaller while GMD of them in coarse mode became larger.and Mongolia) simultaneously reached Mt. Hua and Mt. Tai,
Such a splitting in sizes during the event is most likely causedeading to a high level of dust layer covering the two moun-
by decreased fine particle coagulation due to dilution and intain regions. In our previous paper we have reported the im-
creased adsorption/coagulation with dust. pact of the dust storm on EC, OC and inorganic ions in the
atmospheres of Mt. Hua and Mt. Tai, and found a sharp in-
crease in OC levels during the event (Wang et al., 2011c).
In the current work we further compare the differences in
1 Introduction molecular compositions of organic aerosols during the non-
dust storm and dust storm periods, and identify the changes

Deserts and sandy lands in the northwest and north parts dh size distributions of the organic aerosols to investigate the
China and the south part of Mongolia are the major source reimpact of dust storm on the mountain aerosols. As far as we
gions of Asia dust storm (Huebert et al., 2003; IPCC, 2007;know, this is for the first time to present the direct evidence
Zhang et al., 2003). In each spring surface dusts in these aread the impact of dust storm on organic aerosol chemistry on
are lifted up into the free troposphere by cold front systemsa molecular level including composition and size distribu-
and transported into the downwind regions including Pacifiction. We found that compared to those in the non-dust storm
Ocean and North America (Seinfeld et al., 2004; Sullivan etperiod sizes of primary organic aerosols derived from nat-
al., 2007; Vancuren and Cahill, 2002). Recently satellite everural sources during the dust event became larger but those
observed that the Asia dust was transported more than onéerived from anthropogenic sources including secondary or-
full circle around the globe within two weeks (Uno et al., ganic aerosols became smaller. These results are useful for
2009). Therefore, the Asia dust exerts a significant impacimproving our understanding on the characters of Asian dust
on climate and human health over the downwind regions, beas it has been thought that aerosols become larger during dust
cause during the long-range transport dust may react witlstorm episodes.
numerous chemical species, coagulate with other particles,
and provide reaction sites (Dunlea et al., 2009; Leaitch et al.,
2009; Manktelow et al., 2010; Tobo et al., 2010). 2 Experimental section

Many researchers have focused on the impact of dust
storm in East Asian on the downwind aerosol chemistry.2.1 Aerosol sampling
Most of them are interested in inorganic components of the
Asian aerosols such as elements (Arimoto et al., 2004), inorDetails of aerosol sample collection were reported elsewhere
ganic ions (Geng et al., 2009; Huang et al., 2010), elemen{Wang et al., 2011c). Briefly, PN and size-segregated
tal carbon (EC), organic carbon (OC), and inorganic gaseserosols were simultaneously collected at Mt. Hua (34N18
such as NQ, SO and 3 (Akimoto and Narita, 1994; Pathak and 110.08E) and Mt Tai (36.27N and 117.10E) using
et al., 2010). Only a few works considered the influence ofa TC-100 sampler for PM and a 9-stage sampler for the
the dust storm on organic aerosol chemistry (Simoneit et al.size-resolved samples. The summits of Mt. Hua and Mt. Tai
2004a; Wang et al., 2009a), although OC mass was found tare 2060 m and 1545 m above sea level, respectively, and the
be abundant in the dust plume over the downwind regionssampler inlets are around 3-5m above the ground. Mt. Hua
(Wang et al., 2011d). is located in Guanzhong Basin, central China and Mt. Tai is

Atmospheric environment over mountain regions differs situated in North China Plain, east China (see Fig. 1). Air-
from that in urban and rural areas due to stronger solar radiflow rate of the PMg sampler is 100 | mint, while that of
ation, lower temperature and higher relative humidity (Dece-the 9-stage sampler is 28.3Imihwith the 9 size bins as
sari et al., 2005; Li et al., 2011; Seinfeld and Pandis, 1998;<0.4 pm, 0.4-0.7 um, 0.7-1.1pm, 1.1-2.1 ym, 2.1-3.3 um,
Seinfeld et al., 2004). Moreover, particles in the mountain3.3—4.7 um, 4.7-5.8 pm, 5.8-9.0 um ané.0 um. Particles
atmosphere are more significantly influenced by long-rangevere collected onto pre-combusted quartz filters (45@or
transport, thus are indicative of the atmospheric character8 h). The samplings at both mountain sites were performed
istics on a large-scale (Decesari et al., 2005). Mt. Hua androm 27 March to 30 April 2009. Each P}¢ sample was
Mt. Tai are located in central and east China, respectivelycollected for 24 h, while each set of the size-segregated sam-
Ground surface level of P4 in the above areas was found ples was collected for 4-6 days. Field blank samples were
to be the highest in the world during 2001-2006 with an an-also collected before and after the sampling. During the cam-
nual average of about 80 ugrh(van Donkelaar et al., 2010). paign a mild dust storm from Gobi desert reached Mt. Hua
NOy, SO and dicarbonyls were also abundant in these re-on 20 April (named as DS |, hereinafter), and four days later
gions (Akimoto, 2003; Akimoto and Narita, 1994; Fu et al., a heavy dust storm, which also originated from Gobi desert,
2008a, c). These pollutants react and/or adsorb onto dustimultaneously arrived in Mt. Hua and Mt. Tai (hamed as DS
particles when dust storm presents and can be transportddl hereinafter). During the DS Il event P collection was
into the downstream regions. On 24 April 2009 a massivechanged as 3—6 h depending on the particle loading, while the

Atmos. Chem. Phys., 12, 406%08Q 2012 www.atmos-chem-phys.net/12/4065/2012/



G. H. Wang et al.: Observation of atmospheric aerosols at Mt. Hua and Mt. Tai 4067

210
w04 V7 0.82x +6.2 _ (@) Mt. Hua
R2=0.93
150 A —
120 ' '
(5]
£
S | 901
[
@ 1< n-Alkanes
\‘ 3 60 X Sugars
| North Pagific—| 20N & A Fatty acids
/ 1 8 LS L= 0 W Particle mass x10°3
80° 90° 100° 1100 120° 130° 140% o 30 1 @ Aromatic acids
) O Diacids
. L . . < 0 A PAHs
Fig. 1. A map description for the sampling locations (Mt. Hua and i "
Mt. Tai) and their surroundings. ° 0 100 200 300
S | 600
= T b) Mt. Tai
] ) © y =0.95x + 9.1 (b)
size-resolved sampling was changed as one day. Due tothe & | 5007 R?=0.95
9-stage instrument problem the size-resolved sampling dur- 2
ing DS Il at Mt. Tai was stopped. After sampling, the samples 8 | 400
. . . . Y 1
were sealed in aluminum foil bags and stored in freezerunder ~ © '
—20°C prior to analysis. € | 300 !
»
2.2 Organic aerosol analysis 200
Aliquot of the filter was cut in pieces and extracted with a 100
mixture of methanol and dichloromethane, then concentrated
into dryness and reacted with BSTFA. Organic compounds 0 : :
in the derivatized sample was determined using GC/MS. Re- 0 200 400 600

coveries of the target compounds were better than 80 %, and Concentration in PMio, ng/m3

no contamination was found in the blanks. Detailed informa-

tion about the organic compound quantification can be seefig. 2. An intercomparison of compound concentrations measured

in Wang et al. (2011a). A strong linear correlation was ob-in the PM; and the size-segregated samples.

tained for the organic compounds measured by theqivid

the 9-stage samplers with a slope close to unity (Fig. 2), indi-

cating a good agreement between the two data sets. EC, OBit. Hua and 52 pg m® at Mt. Tai during DS Il, respectively

and inorganic ions of the samples were reported elsewheréFig. 3a, b). However, EC significantly decreased at both sites

(Wang et al., 2011c), and cited here for discussion. during the event (Fig. 3), suggesting that the dust storm event
imported organic aerosols and diluted local pollutants. Dur-
ing the nonevent OC and EC in the R§/bf Mt. Tai were

3 Results and discussions 13+ 5.9 and 2.8t 2.1 pug nT3, respectively, two times more
abundant than those from Mt. Hua, indicating that the Mt. Tai
3.1 Concentrations, molecular compositions and air is more polluted. One possible reason is the lower altitude
sources of Mt. Tai, which is more accessible for lowland pollutants.

A total of seven classes of organic compoundspi-alkanes,  3.1.1 n-Alkanes, fatty acids and fatty alcohols

fatty acids, fatty alcohols, polycyclic aromatic hydrocarbons

(PAHS), sugars, aromatic acids and dicarboxylic acids in theTotal n-alkanes in PMp during NDS period were found to
PM;o samples were determined and summarized in Table 1be 145+ 61 and 284t 120 ngn2 at Mt. Hua and Mt. Tai
During the spring non-dust storm period (NDS), all the deter-with the maximal homologues of4¢ at Mt. Hua and Gq
mined organics in Py were 522+ 164 ngnt3 at Mt. Hua  at Mt. Tai (Table 1 and Fig. 4a), which is mainly due to the
and 1147421 ngnt3 at Mt. Tai, respectively (Table 1). different plant compositions. For examplealkanes from

In contrast, the total organics during DS | and DS |l were wheat, straw and other herbages are in general dominated by
865ng T3 and 1299 ngm?3 at Mt. Hua and 1753 ng n# Cyg, followed by Gj; while those from trees are generally
during DS Il at Mt. Tai. Temporal variations of OC and EC dominated by Gz, followed by Gg (Wang et al., 2009c). At-
showed that OC sharply increased as much as 30]fgah ~ mosphericr-alkanes can be emitted from leaf surface due
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Table 1. Concentrations of organic compounds in fjMollected at the summits of Mt. Hua (2060 ma.s.l.) and Mt. Tai (1545 ma.s.l.) in
central and east China during spring 2009 (ngfn

Mt. Hua Mt. Tai
Non-dust storms = 31) Dust storm | § = 1) Dust storm Il f = 2) Non-dust stormi( = 29) Dust storm Il ¢ = 3)
Min  Max Mean Std Min  Max Mean Std Min  Max Mean Std Min  Max Mean Std
I. n-Alkanes
Cig 03 09 05 0.2 0.5 05 14 1.0 0.6 02 21 11 0.5 14 24 1.9 0.5
Cig 02 07 05 01 0.5 09 12 1.0 0.2 02 31 1.2 0.6 19 34 2.8 0.8
Coo 02 11 05 0.2 0.4 09 13 11 0.3 02 38 13 0.8 30 33 3.1 0.2
Co1 04 3.0 14 05 13 22 22 2.2 0.0 05 88 2.8 1.8 58 6.5 6.2 0.4
Co2 03 48 15 08 1.0 1.7 18 1.8 0.1 06 9.2 31 21 3.7 44 4.0 0.3
Co3 08 82 3.2 1.6 2.7 46 46 4.6 0.0 1.4 13 5.8 3.0 66 75 7.1 0.5
Co4 08 7.2 2.7 1.6 2.0 27 37 3.2 0.7 15 13 5.4 3.2 47 6.4 55 0.8
Cos 2.2 14 5.4 2.8 8.2 11 15 13 2.8 1.9 20 10 4.6 8.6 14 12 2.8
Coe 13 97 36 20 5.0 4.3 11 7.8 5.0 11 17 8.0 4.2 47 83 6.9 1.9
Co7 45 29 12 6.6 34 50 67 59 12 25 73 25 14 27 52 43 14
Cog 2.3 12 5.2 25 13 7.3 39 23 22 1.0 23 12 5.6 6.1 14 11 4.4
Cog 8.0 64 29 14 88 113 159 136 33 2.8 189 57 34 63 143 110 42
Cao 2.8 15 6.2 3.0 20 9.4 60 35 36 0.9 30 14 7.3 5.8 14 10 4.0
Ca1 7.9 77 31 14 77 126 148 137 15 34 86 45 18 101 206 162 55
Ca2 2.3 13 5.3 25 20 7.7 50 29 30 0.6 32 13 7.3 6.3 11 8.7 2.3
Cs3 4.3 45 20 9.1 48 61 102 81 29 14 78 31 17 30 55 46 13
Cay 1.9 14 4.8 2.4 18 8.8 34 21 17 0.9 31 12 7.5 66 79 7.1 0.7
Css 2.1 22 86 39 30 15 46 30 22 2.3 61 24 14 18 23 21 2.4
Css 11 13 4.4 21 14 8.6 20 14 8 0.8 38 13 8.6 2.0 15 9.3 6.6
Subtotal 48 297 145 61 383 436 767 602 234 29 581 284 120 308 584 477 148
Plant waxn-alkanes 13 159 78 38 203 334 337 336 16 95 371 128 69 217 441 347 116
Fossil fueln-alkanes 28 144 67 29 180 100 432 266 235 19 380 155 85 91 156 130 34
CPI 18 7.2 3.3 11 3.1 25 74 5.0 35 1.7 86 3.0 1.7 57 7.0 6.2 0.7
II. Fatty acids
Ci00 08 43 2.2 0.8 1.9 20 42 3.1 1.6 03 63 2.0 13 23 52 3.7 1.4
C110 06 4.8 1.9 0.9 24 13 23 1.8 0.7 02 45 22 11 18 38 2.6 11
Ci20 10 41 24 08 2.0 16 1.7 1.6 0.0 03 58 2.9 1.4 25 52 4.1 1.4
Ci130 08 3.6 1.9 0.6 15 16 1.8 1.7 0.2 03 7.6 3.7 1.9 21 34 2.7 0.6
Ci40 1.7 53 2.7 0.9 3.8 30 39 35 0.7 0.5 12 6.2 2.8 55 21 12 8.2
Cis0 04 26 14 05 13 13 18 1.6 0.3 02 97 3.8 1.9 32 35 3.4 0.2
C160 12 45 25 7.0 31 43 96 66 36 9.0 198 96 43 90 132 114 21
Ci70 04 12 08 0.2 0.7 10 13 11 0.2 01 45 25 1.2 16 20 1.9 0.2
Cig1 09 6.7 3.1 1.6 5.0 7.1 26 17 14 1.0 18 9.9 4.6 8.7 11 10 1.4
Cig0 5.8 24 14 4.0 17 34 36 35 1.4 32 118 51 25 42 65 56 12
Ci1g0 06 25 1.7 0.5 1.8 15 26 21 0.8 0.3 12 5.4 3.3 26 35 3.2 0.5
Coo0 1.1 9.0 4.5 1.6 5.2 55 13 9.0 5.0 0.8 19 11 5.1 5.8 11 8.6 2.8
Co1.0 04 36 20 07 19 15 41 2.8 18 0.4 10 53 2.7 26 45 3.7 1.0
Co20 1.2 46 7.9 7.5 6.8 9.1 22 16 9.4 1.2 60 22 15 17 56 30 22
Co30 0.8 16 6.1 2.9 16 58 84 7.1 1.8 0.4 26 11 6.5 31 40 3.4 0.5
Cos0 1.6 16 95 3.6 12 11 34 22 16 14 44 21 11 11 34 22 11
Cos0 04 5.0 2.6 11 25 22 6.6 4.4 3.1 0.6 13 6.4 34 31 58 4.6 13
Co6:0 0.8 15 77 35 12 12 31 21 13 0.8 33 15 8.0 7.6 24 15 8.2
Co70 03 4.4 2.2 1.0 2.6 22 712 4.7 3.5 0.6 12 5.7 3.2 29 69 4.7 2.0
Cos0 0.8 19 9.3 46 16 15 52 34 26 11 41 18 10 15 42 27 14
Cog0 05 46 2.6 1.0 3.9 48 938 7.3 35 0.7 11 6.7 3.3 38 94 6.8 2.8
Cs00 1.0 18 95 45 14 13 59 36 33 17 42 20 11 18 58 37 20
Cs1.0 05 53 2.4 11 44 44 94 6.9 35 0.9 15 7.5 4.0 8.5 10 9.4 0.9
Cs20 05 6.9 3.4 15 3.6 51 17 11 8.6 11 23 9.0 4.8 8.6 21 14 6.4
Subtotal 29 214 128 41 169 265 372 319 75 29 690 344 150 272 541 398 135
CPI 30 57 40 07 3.2 58 7.2 6.5 1.0 31 93 4.9 1.3 6.3 83 7.1 1.0
IIl. Fatty alcohols
Co2o 04 15 08 03 0.7 09 16 1.2 0.5 03 6.9 2.6 15 08 37 21 15
Co1 03 22 0.9 0.4 0.9 09 13 11 0.3 03 57 2.7 15 12 18 14 0.3
Co2 04 31 15 06 2.2 26 53 4.0 1.9 05 82 4.1 1.6 25 57 45 1.7
Co3 02 45 1.9 11 15 1.2 16 1.4 0.3 04 6.4 3.6 1.7 22 29 2.5 0.4
Cosq 05 6.6 3.0 1.7 6.1 8.5 15 12 4.6 0.5 10 55 2.2 18 30 24 5.6
Cos 03 23 11 0.5 1.3 14 24 1.9 0.7 04 80 35 1.9 16 31 25 0.8
Cop 0.6 28 79 58 13 15 32 24 12 0.6 25 11 5.4 7.2 23 16 8.2
Cy7 03 25 1.2 0.5 13 18 28 2.3 0.7 04 95 3.7 2.3 25 37 3.1 0.6
Cog 0.8 60 13 12 28 19 59 39 28 1.4 91 29 22 32 89 63 29
Coo 05 47 1.9 0.8 25 35 6.2 4.9 1.9 0.7 12 5.3 2.6 33 71 5.4 1.9
Cso 0.8 10 4.8 2.3 11 11 33 22 15 12 30 15 7.7 19 53 35 17
Cs1 07 6.2 2.6 15 4.3 41 51 4.6 0.7 0.6 21 6.9 3.9 8.0 17 11 5.2
Cs2 06 53 2.4 11 3.8 5.9 17 11 7.7 0.7 17 7.7 3.6 12 15 13 1.6
Subtotal 6.6 104 43 22 76 77 182 129 74 81 196 100 48 110 249 185 70
CPI 15 14 3.6 25 5.4 49 83 6.6 24 15 82 3.0 15 48 7.2 6.0 1.2
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Table 1.Continued.

Mt. Hua Mt. Tai
Non-dust storm#{ = 31) Dust storm 14 = 1) Dust storm Il 4 = 2) Non-dust stormi( = 29) Dust storm Il ¢ = 3)
Min  Max Mean Std Min  Max Mean Std Min  Max Mean Std Min  Max Mean Std
IV. PAHs
Phe 0.2 1.0 06 0.2 0.5 0.9 1.2 1.1 02 0.1 3.8 1.0 1.0 0.4 0.6 05 01
Ant 0.1 0.6 03 0.1 0.3 0.2 0.3 03 0.1 0.1 41 13 1.0 0.3 0.5 04 0.1
Flu 0.3 1.2 07 02 0.8 1.1 1.3 12 01 0.2 5.2 1.7 13 0.8 1.3 11 03
Pyr 0.1 0.8 04 02 0.5 0.5 0.6 05 0.1 0.1 4.6 15 11 0.5 1.0 08 03
BaA 0.0 0.5 02 01 0.2 0.1 0.3 0.2 01 0.2 5.2 20 16 0.4 0.8 05 0.2
CT 0.1 1.1 05 03 0.7 0.5 0.8 06 03 0.1 13 27 33 0.5 0.7 06 0.1
BbkF 0.2 1.6 07 04 0.9 0.3 1.3 08 0.7 0.1 9.2 32 23 11 2.4 1.7 0.7
BeP 0.1 11 05 03 0.7 0.4 1.0 0.7 04 0.1 10 26 26 0.5 1.4 09 05
BaP 0.1 0.8 03 0.2 0.4 0.2 0.4 03 0.2 0.1 4.7 1.7 14 0.4 0.8 06 0.2
Per 0.0 0.2 0.1 01 0.2 0.1 0.1 0.1 0.0 0.0 4.1 1.1 11 0.4 0.7 05 0.2
P 0.1 1.3 06 03 0.6 0.2 0.8 05 04 0.1 75 26 21 0.1 0.7 04 03
BghiP 0.0 0.5 03 0.1 0.3 0.2 0.5 04 02 0.1 3.0 1.1 038 0.2 0.5 03 01
DBA 0.0 0.3 01 01 0.2 0.1 0.3 02 01 0.0 4.1 1.0 1.0 0.0 0.2 01 01
Subtotal 15 10 53 23 6.5 5.5 8.4 70 20 1.6 75 23 19 5.7 11 84 28
V. Sugars
Galactosan 1.2 9.9 48 22 3.3 3.5 5.2 44 1.2 0.2 29 14 7.8 7.9 21 15 6.6
Mannosan 1.2 30 50 49 2.8 3.6 4.6 41 0.7 0.1 27 11 6.1 7.8 17 13 47
Levoglucosan 13 106 48 20 25 27 44 36 12 0.2 385 158 95 62 142 110 43
Fructose 1.0 20 6.3 47 6.8 7.7 8.8 82 038 0.0 68 13 12 6.4 17 11 53
Glucose 1.4 39 11 93 9.7 9.0 16 12 48 0.5 85 22 18 26 69 48 21
Arabitol 3.2 45 17 11 26 17 23 20 4.0 0.1 68 23 17 6.4 11 9.0 24
Mannito | 0.4 16 48 3.7 6.1 4.6 6.3 54 1.2 03 254 15 46 15 3.3 24 09
Inositol 0.2 15 0.6 03 0.7 0.2 0.4 03 0.1 0.0 2.3 12 05 0.8 15 11 04
Sucrose 15 193 69 55 110 63 97 80 24 0.1 151 36 38 22 88 50 34
Trehalose 0.5 24 6.2 4.9 35 7.1 118 62 78 0.4 96 13 19 231 592 421 181
Subtotal 26 359 172 77 225 184 281 233 69 3.8 561 304 140 372 960 680 295
VI. Aromatic acids
Phthalic 0.6 20 84 4.0 1.3 1.0 7.3 42 45 0.1 69 25 16 0.6 1.2 10 04
Isophthalic 0.1 0.8 04 0.2 0.1 0.1 0.1 01 0.0 0.0 5.8 1.3 11 0.2 0.2 0.2 0.0
Terephthalic 1.0 14 47 29 1.5 1.0 1.3 11 02 0.1 74 23 19 1.3 1.5 14 01
Subtotal 2.4 26 14 53 2.9 2.4 8.4 54 43 0.2 145 49 34 2.2 2.9 26 04
VII. Diacids
Succinic acid 11 12 71 23 1.8 1.1 4.2 27 22 0.2 60 24 15 1.7 2.5 21 04
Glutaric acid 0.3 3.3 1.7 038 0.7 0.3 0.9 06 04 0.2 11 39 25 0.5 0.9 08 0.2
Malic acid 0.4 7.4 29 18 0.8 0.7 1.7 12 07 0.2 18 5.7 45 1.3 1.9 16 03
Subtotal 1.8 22 12 44 34 2.2 6.9 45 33 1.4 102 42 25 3.7 5.3 45 08
Total 126 852 522 164 865 1240 1304 1299 6.2 148 2001 1147 421 995 2238 1753 626
Total/OC, % 5.6 18 10 29 11 4.1 7.6 56 25 3.4 17 88 28 4.1 4.6 44 0.1
PM1g (Mg m3) 24 135 72 28 173 272 740 506 331 31 261 159 60 898 1797 1343 450
OC (ng n3) 1.6 7.1 50 14 8.0 16 30 23 10 2.8 29 13 5.9 25 52 40 14
EC (ug nT3) 0.3 2.1 1.2 05 1.0 0.0 1.1 06 0.8 0.7 11 28 21 0.0 0.0 0.0 0.0

to abrasion with wind and/or directly released into the air ble 1). When dust storm occurredalkanes showed a sharp
from incomplete combustion of biomass (Simoneit, 1984;increase for odd carbon number of high molecular weight
Simoneit et al., 2004c). Thesealkanes are of an odd-to- (HMW) n-alkanes ¢Cy7) with no significant changes for
even number carbon preference, which is usually charactetow molecular weight (LMW)n-alkanes (Fig. 4b). Such
ized by a carbon preference index (CPI) more than 5. Fossithanges in molecular composition indicate organic aerosols
fuel incomplete combustion is another major source of at-during the event are mostly originated from plants in Gobi
mospheric n-alkanes, which are often dominant in urban andegions (Fu et al., 2012).

industry areas. Fossil fuel derivaealkanes do not have car- Fatty acids presented a similar composition at the two
bon number preference, i.e. CPI is close to unity (Simoneitsites in the NDS time, which is characterized by predom-
1984; Simoneit et al., 2004c). As shown in Table 1, CPI ofinant Ggo and Ggo with CPI (even-to-odd) of 4.6 0.7
totaln-alkanes is 3.3 1.1 and 3.6t 1.7 at Mt. Hua and Mt.  and 4.9t 1.3 at Mt. Hua and Mt. Tai, respectively (Fig. 4c).
Tai in the NDS time, which means the Mt. Hua aerosols areFatty acids derived from plant emission are dominated by
more influence by plant emissions. During the DS Il period, C160, C180 and other HMW species with even-number car-
n-alkanes were 602234 ng nT3 at Mt. Hua and 47% 148 bon atoms like @40, C26:0, C2s.0, and Go.o (Fu et al., 2008b,

ng m-3 at Mt. Tai, being Z 3 times more than those during 2010). Human cooking activity is another important source
NDS with CPI of 5.0+ 3.5 and 6.2+ 0.7 at both sites (Ta- of fatty acids Ggg, C1g0 and Gg1 (Schauer et al., 1996;
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Fig. 4. Differences in molecular composition efalkanes, fatty acids and fatty alcohols in the fjdamples at Mt. Hua and Mt. Tai during

the non-dust storm (NDS) and the dust storm Il (DS 1l, 24 April 2009) periods.
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Table 2. Diagnostic ratio of PAHs in the PM collected at Mt. Hua and Mt. Tai.

Mt. Hua Mt. Tai Sources
NDS DS DSl NDS DSl Gasoline Diesel Coal
IP/BghiP 2.2-0.9 1.9 1.4-0.3 2.14+0.3 1.140.6 0.2% 0500 1.3
BghiP/BeP 0.5%0.06 0.48 0.510.16 0.50£0.16 0.36+:0.05 2.0 0.8

2 Data including noncatalyst and catalyst vehicles and cited from (Grimmer et al., 1983).
bpata including gasoline and diesel and cited from (Ohura et al., 2004).
CData cited from Ohura et al. (2004).

Simoneit, 1984; Simoneit et al., 2004c). Compared to those 1, 35
in the NDS time HMW fatty acids in the DS Il samples sig- o YTIB T 201 y=095¢-121 0
nificantly increased (Fig. 4d), again suggesting plants in Gobi _ N ° o 2 21 RZ=054 °
desert as an important source of organic aerosols. Fatty alco$ o & 00 9 =
hols are also mainly derived from plant emissions and char- ; % £ 55
acterized by an even-number carbon preference. Similar tof 41 °© 2o  ° @ 0]
fatty acids concentrations of HMW fatty alcohols with even- %o ° 5 °o
number carbon atoms sharply enhanced during the dust event , ,(a) MT'Hua 0 O, © ,Mt'Hua
(Fig. 4e and f)_ 0 40 80 120 160 0 10 20 30
Fossil fuel derived n-alkanes, ng/m3 Aromatic acids, ng/m?3

3.1.2 PAHs and sugars 80 - 60

707y =0.20x - 2.1 © 504 y=049x-47 o
PAHSs are produced during the incomplete combustion pro- 601 2 R?=089
cess of carbon-containing materials (Seinfeld and Pandis, £ *1 E
1998). Total PAHs at Mt. Tai during the non-dust storm pe- ‘3‘2 g%
riods are 23t 19ngnt3, being 4 times more than those at & 20| @ 20
Mt. Hua, further indicating that North China Plain (NCP) in- 104 o, ) 101 .
cluding Mt. Tai is more polluted. Mass ratio of indeno(1,2,3- ED Cié .(b) Mt.'Ta' 0oL (d.) Mt'.Ta'
cd)pyrene/ benzo(ghi)perylene (IP/BghiP) is 0.22, 0.5 and 0 100 200 300 400 0 20 40 60 &0 100
1.3 in the particles emitted from gasoline and diesel vehicle ~ Fossifuel derived n-alkanes, ngim? Aromatic acids, ng/m

exhaust and coal combustion, respectively, while the mass., . . . . . .
. . . . Fig. 5. Linear fit regression for fossil fuel-derivedtalkanes with

ratio of benzo(gh|)perylgne/bgnzo(e)pyrene (thlplBeP). ISPAHS and aromatic acids with sulfate in the pPMsamples at

separately 2.0 a“‘?‘ 0.8 in vehicle exhaust anq coal-burnlnqm_ Hua and Mt. Tai during the non-dust storm period (samples

smoke. As shown in Table 2, IP/BghP and BghiP/BeP at tWoeqiected in rainy days were excluded).

sites during the whole campaign were more close to the ratios

of PAHSs in coal-burning smoke, which is in agreement with

previous studies at Mt. Tai (Wang et al., 2009a) and other

Chinese urban areas (Feng et al., 2006; Wang and Kawgghase. A robust linear correlation was found for PAHs and

mura, 2005; Wang et al., 2006, 2007; Xie et al., 2009), con-fossil fuel derivedi-alkanes at Mt. Tai during the nonevent

firming that coal combustion, specifically domestic cooking period, but such a correlation was not observed at Mt. Hua

and heating, is still the major source of PAHs in the coun-(Fig. 5a, b).

try, although vehicle exhaust has been sharply increasing. Sugars, except for anhydrosaccharides such as galactosan,

As seen in Table 1, concentrations of LMW PAHs (3,4-ring) mannosan and levoglucosan, are metabolism products of

in the mountain air was comparable and even higher tharbiota in soil and pollen (Simoneit et al., 2004b). Dehydrated

those of HMW PAHSs (5,6-ring) during the whole sampling sugars are pyrolysis products of materials containing cel-

period with the concentration ratio of 3,4-ring/5,6-ring be- lulose, thus levoglusoan is often considered a key tracer

ing 0.8-1.8, which is opposite to the cases in urban areasfior biomass burning smoke (Simoneit et al., 1999). Lev-

where HMW PAHs in aerosol phase is generally more abun-oglucosan during the nonevent time was480 ngnt?3 at

dant than the LMW ones. For example, 3,4-ring /5,6-ring Mt. Hua and 158t 95 ng nT 3 at Mt. Tai (Table 1 and Fig. 6a,

PAHSs ratios in Baoji, a city nearby Mt. Hua, was less than b), which is consistent with a higher level of'kobserved at

0.5 during spring (Wang et al., 2009b; Xie et al., 2009). TheMt. Tai by our previous measurement (&4.2 pgnt3 at

more LMW PAHSs in the mountain particles can be ascribedMt. Hua versus 1.40.8 ugnt3 at Mt. Tai) (Wang et al.,

to the lower temperature of the mountain atmosphere, whicl2011c), suggesting a more significant biomass burning in

is favorable for volatile LMW PAHSs partitioning into aerosol NCP. Sucrose is a plant photosynthate accumulated in the

www.atmos-chem-phys.net/12/4065/2012/ Atmos. Chem. Phys., 12, 4061849 2012
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Fig. 6. Temporal variations of sugars in the R§ysamples at Mt. Hua and Mt. Tai during the spring of 2009.

root (Jaeger Il et al., 1999), thus its concentration increaseds for Mt. Hua component 1 shows high loadings with all
from March to April at both sites as temperature increasethe primary sugars and a weak loading with trehalose, sug-
(Fig. 6¢, d). Trehalose is a non-reducing disaccharide of glugesting that component 1 represents biogenic sources in-
cose that plays an important physiological role in the sta-cluding pollen and biota in soil; while component 2 repre-
bilization of biological structures in a large number of or- sents biomass burning source for the Mt. Hua samples as it
ganisms, including bacteria, yeast, and invertebrates unddrighly correlates with anhydrosugar galactosan and levogu-
drought, salinity and low-temperature stresses (Garg et al.¢cosan (Table 3). Both components account for 69 % of the to-
2002). Most plants do not accumulate detectable amountgal variance. As for sugars in the Mt. Tai samples four compo-
of trehalose with the exception of the highly desiccation- nents were identified (see Table 3). Component 1 represents
tolerant species (Garg et al., 2002). Thus, trehalose is exbiomass burning emissions as it shows a high loading with
pected to abundantly exist in dusts of Gobi deserts rathegalactosan, mannosan and levoglucosan. Fructose, glucose,
than in soil of the downwind regions. Trehalose showed aand sucrose are mostly derived from pollen, thus component
very low concentration at both sites during the nonevent, buf represents plant emissions. Component 3 represents long-
sharply increased when dust storm presented (Fig. 6e and fjange transported dust from desert regions, because it shows
Trehalose during the DS Il was &278ngn13 at Mt. Hua  a high loading with trehalose as it only abundantly exists in
and 4214 181 ng nT 3 at Mt. Tai, being 10 and 30 times more  drought. Mannitol is produced largely by biota in soil such
than that during the NDS period, respectively. Ca andCa as fungi, spores and bacteria (Bauer et al., 2008), thus com-
are usually taken as a tracer for dust storm episodes (Sun g@onent 4 represents a local dust emission since it shows a
al., 2010; Wang et al., 2007, 2010). However, it is difficult to high loading with mannitol. The four components account
distinguish dust storm-derived Ca and®Cdrom local dust. ~ for 88 % of the total sugars at Mt. Tai. Based on the above
Therefore, source apportionment using Ca ané"Qa rec- PCA analysis, it can be concluded that biomass burning is
ognize the impact of dust storm is in some cases not successauch more significant at Mt. Tai since it contributes 39 % of
ful. Trehalose exits abundantly only in dry conditions like the sugars at the east mountain while it contributes only 19 %
deserts and sandy lands in Gobi, thus it is potentially a traceof the sugars at Mt. Hua (Table 3).
for dust emissions from Gobi regions.

Table 3 shows the results of principal component anal-
ysis (PCA) for sugars in the two mountain atmospheres.
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Table 3.Principal component analysis for sugars in fjMollected at Mt. Hua and Mt. Tai during spring 2009.

Mt. Hua (2 = 34) Mt.Tai (2 = 32)
Component1l Component 2 Componentl Component2 Component3 Component4

Galactosan 0.10 0.94 0.96 0.03 0.07 0.08
Mannosan —0.15 0.31 0.97 0.15 0.09 -0.11
Levoglucosan —-0.07 0.88 0.94 0.06 —-0.22 —0.02
Fructose 0.94 —0.06 -0.20 0.92 0.07 0.07
Glucose 0.91 —-0.24 0.07 0.73 0.40 0.53
Arabitol 0.93 0.02 0.32 0.53 —0.53 0.05
Mannitol 0.93 0.03 —0.02 -0.20 —0.04 0.97
Inositol 0.84 -0.10 0.60 0.69 —0.10 0.22
Sucrose 0.76 -0.41 0.04 0.80 0.11 —0.26
Trehalose 0.23 —0.04 0.04 0.11 0.94 0.05
% of Variance 50 19 39 23 14 12

Note: absolute value larger than 0.5 is highlighted in bold.

3.1.3 Aromatic and dicarboxylic acids 3.1.4 Backward trajectory analysis

Aromatic acids in PMo were 14£5.3ngnT3 at Mt. Hua  To further identify the sources of organic aerosols in the
and 49+5.3ngnT3 at Mt. Tai in the nonevent time. At- two mountain atmospheres, backward trajectory of 72-h air
mospheric aromatic acids are mostly produced from photomass was investigated during the spring campaign. During
degradation of fossil fuel derived precursors such as PAHshe non-dust event air masses at both sites largely transported
(Ho et al., 2007; Kawamura and Yasui, 2005) and/or fromfrom the north and south directions (Fig. 7a, b), while the
combustion process of plastic wastes (Jung et al., 2011)air masses during the dust storm periods originated from the
Thus the higher concentrations of aromatic acids in thenorth only (Fig. 7c, d). Therefore, samples collected during
Mt. Tai air further suggest that North China Plain is more the nonevent can be classified as two groups, i.e. northerly
polluted by industrial activities. Aromatic acids at both sites and southerly. As seen in Fig. 8a, b, PAHs at both mountain-
were more abundant in the nonevent time than in the evenfops are higher from the northerly than from the southerly
time (Table 1), indicating that the pollutants in the mountain with north/south (N/S) ratios of 1.1 at Mt. Hua and 1.3 at
atmospheres are largely derived from local/regional sourcesit. Tai, suggesting coal-burning emissions are more signif-
instead of long-range transport. Similar to aromatic acids,icant in north China. However, compared to those from the
dicarboxylic acids in the samples also showed much highegoutherly aromatic acids and diacids from the northerly were
concentrations in the NDS time than in the DS time at bothfound to be 10—-20 % lower at Mt. Hua and 20-30 % lower
sites, again suggesting these compounds are also mostly dgt Mt. Tai, suggesting that SOA formation in south China is
rived from local/regional sources. Previous studies (Rohrlmore significant, which is in line with a previous study on
and Lammel, 2000; Wang et al., 2009¢c, 2011a) found thataerosols from fourteen Chinese cities (Wang et al., 2006),
succinic acid is largely derived from photo-oxidation of and mainly due to favorable conditions for SOA formation in
precursors from fossil fuel combustion while malic acid the south, i.e. higher temperature and humidity.
is mostly derived from biomass burning emissions. During
the nonevent succinic and malic acids weret265 and 3.2 Size distribution
5.7+ 4.5ngnT3 at Mt. Tai, respectively, 2—4 times higher
than those at Mt. Hua (Table 1), probably suggesting thatThe impact of dust on the patrticle size distribution is very
biofuel- and fossil fuel-derived organics in the free tropo- poorly constrained, but potentially important for climate, be-
sphere are more abundant in NCP than in central China. Agsause the dust particles have indirect effects on the existing
shown in Fig. 5c, d, sulfate in the Plylsamples well corre-  aerosol size distribution (Manktelow et al., 2010; Sullivan et
lated with aromatic acids at both sites during the NDS period.al., 2009). A number of studies have observed that when dust
which probably not only indicate that sulfate and aromatic occurred sulfate and nitrate was redistributed to larger par-
acids are originated from similar formation pathways (e.g.ticles (Mcnaughton et al., 2009; Sullivan et al., 2007; Wang
an in-cloud formation) (Warneck, 2003) but also suggest thaiet al., 2011c). However, the impact of the dust on the size
sulfuric acid may promote the SOA formation (Kourtchev et distribution of organic aerosols has sparsely characterized
al., 2009; Zhang et al., 2004). (Zzamora et al., 2011). To our best knowledge, the current
study is the first time to investigate the changes of size dis-
tribution of organic aerosols on a molecular level when dust
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storm was occurring. Here we re-group the target compounds ] ] )

in the PMio samples above to water-insoluble-glkanes, Fig. 8. Comparison of organic aerosols in Rjfrom the southerly
fatty acids and PAHs) and -soluble (sugars, aromatic acid ir masses with those from the northerly air masses at Mt. Hua and
and dicarboxylic acids) species and compare their size distri- t. Tai during the non-dust storm period.

bution in the nonevent time with those in the DS 1l period.

3.2.1 Water-insoluble organic aerosols ticles and re-adsorb/-condense onto coarse particles (Offen-
berg and Baker, 1999), thus LMW PAHs showed a bimodal
n-Alkanes (i.e. Gz and Gg) (Fig. 9a—d) and fatty acids (i.e. pattern in the NDS time at both sites (Fig. 9i, j). On contrast,
C1s0 and Goo) (Fig. 9e—h) showed a bimodal size distribu- HMW PAHSs, i.e. fluoranthene (Flu) and benzo(e)pyrene
tion at Mt. Hua and Mt. Tai during the NDS period, max- (BeP) were characterized by an accumulation mode during
imizing at 0.7-1.1 um ane-3.3 um, respectively. However, the whole sampling campaign, peaking at 0.7-1.1pm in the
the coarse mode at Mt. Hua is larger than that at Mt. Tai,mountain atmospheres, due to their lower-/non-volatile na-
which can be explained by more dust in the atmospherdure (Fig. 9k-n and t-u). LMW PAH phenanthrene (Phe) al-
over Guanzhong Plain including Mt. Hua due to its proxim- most evenly distributed in all the size range when dust was
ity to the Loess Plateau and desert regions in the northwegtresent (Fig. 9s). However, on the current stage we cannot
China. During the DS Il period LMWi-alkanes (e.g. )  give a clear explanation.
and fatty acids (¢s.1) decreased in fine mode and increased
in coarse mode, although both still presented as a bimodaB.2.2 Water-soluble organic aerosols
pattern (Fig. 90, g). In contrast, HMW-alkanes (e.g. &)
and fatty acids (e.g. $g.0) during the dust event presented Levoglucosan shows a unimodal size distribution at Mt. Hua
as a unimodal pattern, i.e. coarse mode (Fig. 9p, r). Unlikeduring the nonevent and the event periods, peaking at the
LWM n-alkanes and fatty acids, which are in part emitted size of 0.7-1.1um, in contrast to a distinct bimodal pattern
from anthropogenic sources such as fossil fuel combustiorin fine and coarse modes at Mt. Tai during the NDS pe-
and cooking activity, HMWh-alkanes and fatty acids during riods (Fig. 10a, b and o). The fine mode of levoglucosan
the DS Il were almost entirely derived from dust, thus bothis produced from biomass burning process, while levoglu-
concentrated in coarse mode with the size distribution patterrrosan in the coarse mode may be derived from coagulation
same as dust itself (Wang et al., 2011c). of the fine mode with coarse particles (Herner et al., 2006;
PAHs are emitted as molecular clusters from the flame re-Hinds, 1999). Levoglucosan can be activated as cloud con-
gion during combustion process and subsequently condensgensation nuclei (CCN) under high relative humidity (RH)
on pre-existing particles when temperature is cool down, thusand further absorb water vapor to grow as fog droplets (Chan
they stay in fine particles (Seinfeld and Pandis, 1998). Sinceet al., 2005; Engling et al., 2009; Mochida and Kawamura,
LMW PAHSs are volatile, they can evaporate from fine par- 2004), which are of a diameter larger than 4 um (Seinfeld and
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Fig. 9. Differences in size distributions of water-insoluble organic aerosols at Mt. Hua and Mt. Tai during (l) the nonevent and (l1) the event
periods.

Pandis, 1998). Cloud/fog more frequently occurred at Mt. Taithus predominant in fine mode (Fig. 10i, j and s). The coarse
during the sampling campaign due to its proximity to Eastmode of t-Ph is possible resulted from a coagulation of the
China Sea. Thus the water droplets containing levoglucosafine mode with coarse particles especially in the DS Il time
might be collected, which is another reason resulting in the(Fig. 10 j and s). In our previous study (Wang et al., 2011a)
coarse mode of levoglucosan at Mt. Tai (Fig. 10b). Glucosewe found that succinic acid is much more abundant in urban
mostly originates from pollen, and is thus enriched in coarseareas than in rural regions, and secondarily produced from
mode, although a small amount exists in fine mode in parfphotooxidation of fossil fuel pollutants. Our recent study
due to incomplete combustion of cellulose materials (Pio et(Wang et al., 2012) further suggest that 4-oxobutanoic acid,
al., 2006; Wang et al., 2011a) (Fig. 10c, d and p). As dis-a key intermediate of succinic acid, is originated from pho-
cussed above trehalose is mostly derived from biota in desetbchemical oxidation of gaseous pollutants from fossil fuel
regions, therefore, only a coarse mode was observed at bottombustion, which subsequently partitions into solid phase
sites in the whole sampling time (Fig. 10e, f and q). and further be oxidized into succinic acid. Thus, a dominant
Naphthalene is a major precursor of phthalic acid (Ph),peak in the fine mode and a minor peak in the coarse mode
which mostly exists in gas phase and can be photochemiwere observed at Mt. Hua and Mt. Tai in both the non-dust
cally oxidized into Ph followed by a subsequent condensa-and the dust periods (Fig. 10k, I, and t). Compared to suc-
tion/adsorption onto pre-existing particles (Agarwal et al., cinic acid malic acid in the biomass burning derived aerosols
2010), thus the fine and coarse modes were observed at the much more abundant, which was found to be produced di-
two sites during the whole campaign (Fig. 10g, h and r). Tworectly from combustion process (Wang et al., 2009c, 2011b),
peaks presented in the coarse mode at Mt. Tai in the NDShus in generally presented a unimodal at the two mountain-
time (Fig. 10h), which may suggest additional sources oftops, peaking at 0.7—1.1um (Fig. 10m, n and u).
Ph in the mountain region. Being different from Ph tereph-
thalic acid (t-Ph) is mostly emitted from combustion process
of plastic wastes by a pyrolysis reaction as fine particles,
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Table 4. Geometric mean diameters (GMD, |fhof organic aerosols at Mt. Hua and Mt. Tai during the spring of 2009.

Mt. Hua Mt. Tai Mt. Hua/Mt. Tai

Non-dust storm period\ = 4) DS Il (April 24) (N =1) Non-dust storm period\ = 5) Non-dust storm period

Fine Coarse Total Fine Coarse Total Fine Coarse Total Fine Coarse Total
PM 0.81+0.08 7.14£0.37 2.84:0.14 1.05 7.23 5.79 0.720.05 6.95-0.62 2.44-0.33 1.02 1.03 1.16
Plant waxn-alkanes  0.88:0.06 7.70:0.57 2.50+0.53 0.80 8.32 6.07 0.840.06 6.58:0.62 2.10+0.47 1.04 117 1.19
Fossil fueln-alkanes  0.7%#0.13 5.91+0.09 1.46+0.51 0.46 7.07 1.28 0.640.10 6.00:0.91 1.13-0.15 1.12 0.98 1.29
Fatty acids 0.76:0.01 7.13:0.48 1.99-0.29 0.62 8.37 3.53 0.520.10 6.86:0.39 1.04-0.42 1.46 1.04 1.92
3,4-ring PAHs 0.8%£0.07 5.44:0.39 1.43:0.20 0.71 6.37 1.37 0.8£0.07 6.28:0.92 1.44-0.30 1.10 0.87 0.99
5,6-ring PAHs 0.930.16 5.04-1.06 1.18:0.27 0.70 7.07 1.06 0.860.03 7.38:2.07 1.20+0.27 1.08 0.68 0.98
Levoglucosan 0.720.17 447078 1.22-0.58 0.74 438 1.09 0.6£0.09 4.90+0.92 0.88:0.36 1.30 0.91 1.38
Glucose 0.6240.14 8.88:4.05 5.39:-3.41 1.08 9.06 7.17 0.740.08 9.14-1.89 5.32-1.63 0.90 0.97 1.01
Trehalose 0.76:0.34 8.46£3.56 6.37:1.22 1.40 8.04 7.45 0.860.06 9.62-1.37 8.52:1.37 094 0.88 0.75
Phthalic acid 0.74-0.06 5.96-0.76 1.63:0.37 0.66 8.04 1.40 0.740.01 469119 16140.44 1.05 1.27 1.01
Terephthalic acid 0.9+ 0.04 4.65:£0.56 1.38:0.21 0.71 6.33 1.12 0.700.08 5.00+1.08 1.22+0.28 131 0.93 1.13
Succinic acid 0.8%0.05 6.4740.64 1.83:0.34 074 774 1.80 0.860.06 5.35-1.33 1.54-0.66 0.96 121 1.19
Malic acid 0.82£0.22 5.45:£1.01 1.12£0.54 0.56 8.17 0.93 0.8£0.04 5.13:0.52 1.08:0.17 1.00 1.06 1.04

Note: LogGMD = (3" C;logDp;)/3_ C;, whereC; is the concentration of compound in sizandDp; is the geometric mean particle diameter collected on stéigends, 1999).

(I) Non-Dust Storm Period
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(II) Dust Storm Period (April 24, 2009)

Mt. Hua Mt. Hua Mt. Hua Mt. Hua Mt. Hua Mt. Hua Mt. Hua
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Fig. 10.Differences in size distributions of water-soluble organic aerosols at Mt. Hua and Mt. Tai during (I) the nonevent and (II) the event
periods.

3.2.3 Geometric Mean Diameter (GMD) (>2.5pum) and the total<€100 um). Compared to those at
Mt. Tai GMDs in the whole size range was larger at Mt. Hua

. . ) _ except for PAHs, both LMW (3,4-ring) and HMW (5,6-ring)
To further recognize the impact of dust storm on the size dispaHs showed similar GMDs in the whole size range, al-

tribution of the organics, geometric mean diameter (GMD) though PAHs at Mt. Hua showed larger fine mode GMDs

of the selected species was calculated and shown in Tang smaller coarse mode GMDs. As seen in Table 4, the total
ble 4 according to the size ranges of fire2(5 um), coarse
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GMDs of particles and all the biogenic aerosols (e.g. plant r-Alkanes and fatty acids showed a bimodal pattern in the
wax derivedn-alknes, fatty acids, glucose and trehalose) nonevent period with large peak in the fine mode and a small
became larger when dust was present. In contrast, the tggeak in the coarse mode. In contrast, during the event LMW
tal GMDs of all the anthropogenic aerosols, such as fossil-alkanes and fatty acids shifted toward larger size ranges
fuel derivedn-alkanes, PAHs, aromatic acids and diacids, with a dominant peak in the fine mode, although HMM/
became smaller in the DS 1l event. We believe that anthro-alkanes and fatty acids during the DS Il were dominant in
pogenic pollutants at Mt. Hua in the nonevent time are mostlythe coarse mode due to a predominant origin from the dust.
originated from local/regional sources rather than from long-PAHs at the two sites mostly stayed in the fine mode as a
range transport, and diluted by the northerly air masses duranimodal pattern during both the nonevent and the event pe-
ing the dust event. High wind speed in the DS Il time maderiods, except for LMW PAHSs, which are volatile and showed
the local/regional organic aerosols being quickly transporteda bimodal pattern with a major peak in the fine fraction and
onto the mountaintop, and thus their residential time in thea minor peak in the coarse fraction. Anhydrosacchrides (i.e.
air was shorter. As a result, the coagulation effect of thesdevoglucosan, galactosan and mannosan) were dominated in
organic aerosols during the event was less efficient. Morefine mode at both sites during the whole campaign, while the
over, particle coagulation is a function of particle concentra-non-reducing sugars were enriched in coarse particles espe-
tion (Herner et al., 2006; Hinds, 1999), thus the local organiccially when dust was present. Phthalic and succinic acids are
aerosol coagulation is further decreased when diluted by thg@roduced from photo-oxidation of gas-phase precursors, thus
northerly air masses. Therefore, the total GMDs of the an-both presented a bimodal pattern during the campaign with
thropogenic organic aerosols became smaller during the D@n increase in coarse mode during the event. Terephthalic
Il period. and malic acids were dominated as fine mode during the
whole campaign with a slight increase in coarse mode when
) dust was present. GMDs of particles and most organic com-
4 Summary and conclusion pounds at Mt. Hua during the nonevent period were larger
than those at Mt. Tai due to more dust in the Mt. Hua air.

PMio and size-segregated aerosols in the atmospheres OVEossil fuel derivedi-alkanes, PAHSs, levoglucosan, aromatic

.Mt' Hua ar_ld M. Ta|_ were smultanequsly collected dur- acids and diacids at Mt. Hua showed a smaller GMD when
ing the spring 2009 including a massive dust storm event

. : dust was present, mostly due to a decreased fine particle co-
o;ﬁ?crrign?noff d?pglur(igs tl&’ ?cr)]geszr?tracsﬁgaazsor agulation caused by a dilution effect. However, plant wax
fgatt acids pfatt e{IcohoIsgin the P} sam ?es at Mt Ta{i derivedn-alkanes, fatty acids, glucose, and trehalose were

Y » tatly b 3 ) largely transported from Gobi desert in the DS Il period, and
are 284+ 120, 344+150 and 10@:48ngnT°, respec-

tively, two times more than those at Mt. Hua, while thus presented a larger GMD.
PAHs (23+19ngn13), levoglucosan (15& 95ngnT?3),
aromatic acids (4934ngnt3) and dicarboxylic acids
(424 25ngnT3) at Mt. Tai are 2—4 times more than those ch:novlvlgdgemen;sThiz "‘t’_ork ‘E"I\TS ng;ggg”ppgrtfd Ey Chling

: H : : : _ Natural science Foundation 0. an € Knowledge
. . . Priority Research Program (No. XDA05100103) of Chinese
increase in HMWir-alkanes, fatty acids, and fatty alcohols Academy of Sciences.
and trehalose and a significant decrease in aromatic acids
and dicarboxylic acid were observed at both sites, indicatggited by: L. Molina
ing that POA during the event are largely derived from bio-
genic sources in the Gobi desert and SOA are mostly de-
rived from local/regional anthropogenic sources. TrEhaloseReferences
is only abundantly existed in dry condition like Gobi regions
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