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Organic aerosols were studied at the molecular level in
14 coastal and inland mega-cities in China during winter and
summer 2003. They are characterized by the abundant
presence of n-alkanes (annual average, 340 ng m-3), fatty
acids (769 ng m-3), sugars (412 ng m-3), and phthalates
(387 ng m-3). In contrast, fatty alcohols, polyols/polyacids,
lignin and resin products, sterols, polycyclic aromatic
hydrocarbons (PAHs), and hopanes were detected as
relatively minor components. n-Alkanes show a weak
odd/even carbon predominance (CPI ) 1.1) and PAHs
show a predominance of benzo(b)fluoranthene, suggesting
a serious contribution from fossil fuel (mainly coal)
combustion. Their concentrations (except for phthalates
and polyols/polyacids) were 2-15 times higher in winter than
summer due to a significant usage of coal burning and
an enhancement of atmospheric inversion layers. Phthalates
were found to be more abundant in summer than winter,
probably due to enhanced vaporization from plastics followed
by adsorptive deposition on the pre-existing particles.
Concentrations of total quantified compounds are extremely
high (∼10 µg m-3) in the midwest (Chongqing and Xi’an)
where active industrialization/urbanization is going on. This
study shows that concentrations of the compounds
detected are 1-3 orders of magnitude higher than those
reported from developed countries.

Introduction
China is the most populated country in the world and is one
of the most rapidly growing economies. It is also the biggest
consumer of coal in the world, using about 1.2 billion tons
of coal each year. More than 80% of the coal is burned without
any controls (1). Around one-fourth of the global anthro-
pogenic carbonaceous aerosols is generated in China, of

which roughly 70% is from coal burning (2). Enhanced
emissions due to the increased usage of fossil fuels, combined
with soil dust emissions, have been causing serious air
pollution in the urban areas. In the past decade, atmospheric
emissions of aerosols and their precursors from China have
been recognized to have a significant impact on atmospheric
composition at regional and global scales (3). Anthropogenic
aerosols emitted from the populous industrial regions may
have altered the regional atmospheric circulation, probably
leading to increased summer flooding in the south and
enhanced drought in the north (4).

Chinese aerosols studies have often been conducted on
the mineral constituents and major inorganic ions (3, 5).
However, studies on organics aerosols were relatively limited
on a molecular level (6-8). Although previous measurements
have focused on a few mega-cities located in eastern (6, 8)
and southern (7) China, little information is available from
the mid and western regions, where active development is
under way. In 2003, a nationwide survey for urban aerosols
in the country was, for the first time, initiated to fully
understand the status of air pollution of organic matter.

In this study, we conducted a comprehensive analysis for
various organic molecules in PM2.5 aerosols collected from
fourteen Chinese cities including several located in the mid
and west regions. Here, we report molecular, seasonal, and
spatial distributions of the organic aerosols on a nationwide
scale.

Experimental Section
Aerosol Sample Collection. Fourteen cities in China (Table
1) were selected to represent the economically developed
and developing cities, which are widely located in the different
regions (covering 21-44° N, 101-126° E) (Figure 1). In each
city, a 24 h aerosol sampling was performed for 2 days each
in winter and summer 2003. PM2.5 aerosols were collected
on precombusted (800 °C, 3 h) quartz fiber filter (ø 47 mm,
Tissuquartz filter, Pall Corporation, USA) by use of a mini-
volume air sampler (Airmetrics, USA) at a flow rate of 5 L
min-1. All the samplers were set up on different heights of
rooftops (Table 1). The winter samplings in all the cities were
simultaneously conducted on January 13-14, 2003, and the
summer samplings were performed during June and July
2003 to avoid any rainy day. A blank filter was mounted onto
the sampler for seconds without air flow in each site and
season. Each blank or sample filter was placed in a Tissuquartz
filter container, transported to the laboratory, and stored at
-20 °C prior to analysis. In total 56 samples were analyzed;
data of two consecutive samples were averaged and are
reported here.

Extraction and Derivatization. The details of sample
extraction and derivatization were documented elsewhere
(8). Briefly, filter aliquot was extracted three times with 5 mL
of a mixture of dichloromethane/methanol (2:1, v/v) for 10
min under ultrasonication. After concentration, the extracts
were reacted with 50 µL of N,O-bis-(trimethylsilyl)trifluo-
roacetamide with 1% trimethylsilyl chloride and 10 µL of
pyridine at 70 °C for 3 h. Field blank filters were also handled
by the procedure described above. The results showed no
serious contamination (less than 5% of real samples). The
data reported here are all corrected for the blanks.

Gas Chromatography-Mass Spectrometry. The deriva-
tized total extracts were analyzed with a Hewlett-Packard
6890 GC interfaced to Hewlett-Packard 5973 MSD, employing
a DB-5MS fused silica capillary column (30 m × 0.25 mm
i.d., 0.5 µm film thickness) (8). GC-MS response factors were
determined using authentic standards. Average recoveries
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of all the standards were better than 80% except two n-alkanes
(C16 and C18), whose recoveries were around 70%.

Organic carbon (OC) and elemental carbon (EC) were
determined using a DRI model 2001 thermal/optical carbon
analyzer (9).

Results and Discussion
In total, 114 organic compounds were detected in the aerosols
studied, including n-alkanes, fatty acids, sugars, phthalates,
fatty alcohols, polyols/polyacids, lignin and resin products,
sterols, polycyclic aromatic hydrocarbons (PAHs), and ho-
panes. Concentrations of individual compounds are given
in the Supporting Information Table S-1. n-Alkanes, fatty
acids, sugars, and phthalates are detected as major compound
classes, whereas others are relatively minor (Table 2). All the
compound classes are much more abundant in winter than
in summer, except for phthalates and polyols/polyacids. In
winter, levoglucosan is the most abundant single compound,

followed by C16:0 and C18:1 fatty acids, â-sitosterol, bis(2-
ethylhexyl)phthalate, and ergosterol (Figure 2a). In summer,
bis(2-ethylhexyl)phthalate (55-1748 ng m-3) was found as
the most abundant single species, followed by C16:0 fatty acid,
di-n-butyl and diisobutyl phthalates, and levoglucosan (Table
S-1).

Similarly, PM2.5, EC, and OC loadings in the cities are in
general much higher in winter than in summer. Maximum
concentrations of PM2.5, EC, and OC (404, 28, and 99 µg m-3,
respectively) in winter were found either in Guangzhou or
Chongqing, whereas summertime maxima (154, 6.6, and 35
µg m-3, respectively) were found either in Xi’an or Chongqing
(Table 2).

Major Compound Classes. n-Alkanes. Homologous n-
alkanes (C16-C35) detected in the aerosols are characterized
by no odd/even predominance in the range of C16-C26 and
odd carbon number predominance with a peak at C29 or C31

in the range of C26-C35 (Figure 2b). Their concentrations are

TABLE 1. Sampling Site Description and Meteorological Conditions during the 2003 Campaigns

winter summer

city
populationa

(million) city description latitude
Hb

(m)
Tc

(°C)
RHd

(%)
WSe

(km h-1)
Vf

(km)
Tc

(°C)
RHd

(%)
WSe

(km h-1)
Vf

(km)

Hong Kong 6.0 coastal & commercial 22°15′N 18 19.2 61.5 12.3 7.8 29.0 74.3 16.7 9.8
Guangzhou 10.2 industrial & commercial 23°09′N 10 15.0 56.0 3.5 5.8 31.5 62.0 13.0 11.0
Xiamen 2.2 coastal & commercial 24°26′N 8 14.5 53.0 4.0 4.6 32.5 64.0 4.5 10.0
Chongqing 5.5 continental & industrial 29°33′N 10 8.0 83.5 5.0 0.9 28.5 68.0 4.0 9.5
Hangzhou 7.5 continental 30°10′N 20 7.5 61.0 6.0 3.2 31.5 63.5 5.5 5.0
Wuhan 8.3 industrial & commercial 30°30′N 10 10.0 62.0 6.5 3.0 30.0 79.5 8.0 7.0
Shanghai 16.7 industrial & commercial 31°06′N 8 5.5 63.5 8.0 4.0 30.5 67.0 14.5 7.0
Xi’an 7.4 continental & industrial 34°16′N 20 3.5 64.0 4.0 2.6 26.0 76.0 3.0 4.0
Qingdao 7.3 coastal 36°04′N 10 1.0 57.5 8.5 2.7 25.0 78.0 5.0 4.0
Yulin 0.4 continental, close to a desert 38°15′N 20 -13.5g nah na na 25.5g na na na
Jinchang 0.2 Asian dust source regions 38°30′N 18 na na na na na na na na
Tianjin 5.0 industrial 39°08′N 20 0.5 54.0 9.5 3.5 26.0 78.0 1.5 4.5
Beijing 13.8 Capital of China 39°55′N 14 0.0 37.5 13.0 6.0 24.5 69.5 5.5 6.0
Changchun 2.8 continental & industrial 43°50′N 6 -14.0g na na na 22.0g na na na

a Data from http:// www.cpirc.org.cn. b Height of air inlet of the sampler above the ground. c Temperature. d Relative humidity. e Wind speed.
f Visibility. g Data of the day in 2005 used due to the unavailable data of the same day in 2003. h na: not available. Meteorological data from
http://www.wunderground.com.

FIGURE 1. Locations of the fourteen cities and spatial distributions of concentrations of total quantified organic compounds during summer
and winter.
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TABLE 2. Concentrations of Organic Compounds in PM2.5 Aerosols from 14 Chinese Cities (ng m-3)

city
n-alkanes

(C16-35)

fatty
acids
(C9-34) sugars phthalates

fatty
alcohols
(C12-32)

polyols
& polyacids

lignin &
resin

products sterols PAHs
hopanes
(C27-32) sum

OC
(µg m-3)

EC
(µg m-3)

PM2.5
(µg m-3)

sum/
OC*1.6a

(%)

sum/
PM2.5
(%)

winter
Hong Kong 195 318 148 172 22 105 4.8 26 14 4.1 1009 16 11 71 3.9 1.4
Guangzhou 994 3219 969 332 90 177 195 924 326 60 7286 81 28 247 5.6 2.9
Xiamen 442 333 141 148 13 103 12 11 26 3.2 1231 18 4.5 68 4.3 1.8
Chongqing 948 3244 2799 335 459 439 145 729 553 29 9680 99 19 404 6.1 2.4
Hangzhou 361 626 275 204 12 81 24 157 45 7.3 1792 21 7.3 113 5.4 1.6
Wuhan 354 774 609 136 14 152 43 88 113 3.6 2287 32 5.8 104 4.5 2.2
Shanghai 259 501 473 341 30 111 32 92 80 15 1934 19 5.7 104 6.3 1.9
Xi’an 1433 2859 3239 445 527 304 333 1451 701 54 11346 92 23 275 7.7 4.1
Qingdao 286 567 161 99 12 63 43 36 86 6.5 1359 15 4.1 78 5.8 1.7
Yulin 609 402 64 62 8.4 37 8.4 485 189 22 1887 27 7.9 123 4.4 1.5
Jinchang 449 495 170 87 34 36 16 72 213 7.5 1578 21 4.1 160 4.7 1.0
Tianjin 297 468 205 126 6.1 40 14 67 134 13 1370 17 4.4 75 5.1 1.8
Beijing 399 413 198 178 18 33 18 87 208 22 1574 19 5.1 82 5.3 1.9
Changchun 496 687 342 115 26 84 36 207 198 18 2209 30 12 112 4.6 2.0
average 537 1065 700 199 91 126 66 317 206 19 3324 36 10 144 5.3 2.0
STDb 351 1117 1015 117 172 116 95 432 200 18 3427 30 7.8 98 1.0 0.8

summer
Hong Kong 10 229 9.4 403 12 41 1.8 9.5 1.7 0.62 718 10 13 55 4.5 1.3
Guangzhou 155 498 59 432 3.1 89 5.8 3.0 8.2 1.7 1254 13 3.0 64 6.3 2.0
Xiamen 42 266 18 201 6.7 63 1.5 10 2.5 0.20 611 6.3 1.6 27 6.1 2.3
Chongqing 328 837 735 2201 21 165 53 68 168 15 4591 35 13 149 8.1 3.1
Hangzhou 139 585 66 576 20 89 4.4 ndc 8.6 0.95 1490 19 4.8 109 5.0 1.4
Wuhan 84 482 70 470 20 89 4.3 24 7.7 ndc 1251 10 2.0 68 7.8 1.8
Shanghai 128 425 42 613 22 103 2.6 4.0 12 3.2 1356 12 2.5 58 6.9 2.3
Xi’an 296 467 182 663 45 195 15 20 104 9.8 1997 28 6.6 154 4.4 1.3
Qingdao 49 155 17 168 10 65 13 1.0 5.2 0.64 484 7.0 1.5 53 4.4 0.9
Yulin 135 572 40 261 38 141 2.8 81 17 ndc 1288 13 3.3 48 6.2 2.7
Jinchang 133 245 41 288 29 112 1.3 7.2 4.7 ndc 860 10 1.2 87 5.4 1.0
Tianjin 152 877 125 956 28 161 4.5 19 20 3.8 2346 21 4.1 126 7.2 1.9
Beijing 137 472 45 402 12 87 2.1 5.5 7.8 0.37 1170 16 4.0 96 4.6 1.2
Changchun 209 509 275 412 33 179 13 20 24 6.7 1681 21 5.2 82 5.1 2.0
average 143 473 123 575 21 113 9.0 19 28 3.1 1507 16 4.7 84 6.0 1.8
STDb 89 211 191 512 12 48 14 25 4.8 4.6 1026 8.3 3.8 39 1.3 0.7

a A ratio of 1.6 is assumed to calculate the organic matter from organic carbon (39). b STD: standard deviation. c nd: not detected.
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much higher in winter (195-1433, average 537 ng m-3) than
in summer (10-328, average 143 ng m-3) (Table 2). Their
winter maxima were found in Guangzhou, Chongqing, and
Xi’an, while the minimum was in Hong Kong. In summer,
the highest concentrations were found in Chongqing and
Xi’an with the lowest value in Hong Kong (Figure 3a). The
annual average concentrations in the 14 cities are 1-12 times
higher than those in Los Angeles (69 ng m-3) (10).

Carbon preference index (CPI), defined as concentration
ratio of odd to even carbon number n-alkanes (11), is a
diagnostic proxy to evaluate biogenic/anthropogenic con-
tribution. CPI value is close to unity in anthropogenic sources
(e.g., petroleum), but is around 10 in higher plant waxes (12).
CPI values obtained (1.17 ( 0.14 in winter versus 1.16 ( 0.12
in summer) are close to unity, except for Hong Kong summer
samples (average 2.38), being consistent with the values
(0.91-1.8, average 1.2) reported from Hong Kong, Guang-
zhou, and Macao, China in 1991 (13) but lower than those
from Tokyo in 1989 (1.1-1.8, average 1.5) (14). These results
indicate that n-alkanes in the 14 cities are mainly of
anthropogenic origin with a relatively minor contribution
from higher plants.

Fatty Acids. A homologous series of fatty acids (C9:0 to
C34:0) was detected as a major compound class in the aerosols
(Table 2 and Figure 2a) and characterized by a strong even
carbon number predominance with two maxima at C16:0 and
C24:0 (Figure 2c and Table S-1). Concentration ranges were
318-3244 ng m-3 (average 1065 ng m-3) in winter and 155-
877 ng m-3 (average 473 ng m-3) in summer, which are within
the range reported from other Chinese urban aerosols (14-

11 000 ng m-3) (15) but are much higher than those from
Japan (31-1110 ng m-3, average 330 ng m-3) (16) and the
United States (22-670 ng m-3) (17).

In winter, very high concentrations of fatty acids were
obtained in Guangzhou, Chongqing, and Xi’an, which are 5
times higher than in other cities (Figure 3b). Highest
wintertime concentration of cholesterol (103 ng m-3, see
Table S-1) was also observed in Guangzhou, which can be
attributable to meat cooking (18). The Chinese style of cooking
may be a likely cause for the abundant fatty acids in the city
under poor ventilation during the sampling (wind speed only
3.5 km h-1, Table 1). Chongqing is located in Sichuan Basin
and surrounded by mountains with two big rivers (Jialingjiang
and Changjiang) crossing through the city. Very poor
ventilation due to the inversion layers developed in winter
together with the cooking style is a major process to
accumulate fatty acids and other organics in the Chongqing
atmosphere. During the winter sampling, the visibility was
very poor (only 0.9 km), indicating a high loading of
atmospheric particles. Xi’an is located in the arid Loess
Plateau of China, where vegetation is limited but soil organic
matter is abundant. The abundant fatty acids in Xi’an may
be in part linked with the high level of soil dusts suspended
in the air during winter.

In summer, concentrations of fatty acids were highest in
Chongqing and Tianjin and lowest in Qingdao (Figure 3b).
Some cities in the north (e.g., Tianjin) showed higher
concentrations in summer. This may indicate an enhanced
terrestrial biological activity in the north during the summer
season.

FIGURE 2. Salient features of the GC-MS traces for major compounds of aerosols from Xi’an in winter (01/13/2003): (a) total ion current
monitor, (b) mass chromatogram (m/z 85) of n-alkanes, (c) mass chromatogram (m/z 117) of fatty acids, and (d) mass chromatogram of (m/z
149) of phthalates.
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Vascular plants, microbes, and marine phytoplankton are
major sources of lower molecular weight (LMW) fatty acids
(e C19), while higher molecular weight (HMW) fatty acids (g
C20) are limited to terrestrial higher plant waxes (16, 19, 20).
Concentration ratios of LMW to HMW fatty acids were higher
(18.6 ( 11.2) in summer, indicating an important contribution
of vascular plants, microbes, and marine phytoplankton to
the aerosols. In contrast, the lower ratios (3.2 ( 1.5) were
found in winter, suggesting that wintertime aerosols over
China are more influenced by terrestrial higher plants either
from living plants, litters stored in soils, or loess deposits.

Unsaturated fatty acids (C16:1 and C18:1) were detectable
in all the samples. Their total concentrations were 76-1955
ng m-3 (average 444 ng m-3) in winter and 17.4-213 ng m-3

(average 93.6 ng m-3) in summer. Their concentration ratios
to saturated fatty acids (C16:0 plus C18:0) were 1.14 ( 0.98 in
winter versus 0.43 ( 0.09 in summer, suggesting an enhanced
photochemical degradation of unsaturated fatty acids during
summer (21).

Sugars. Eight saccharides (levoglucosan, arabitol, fructose,
glucose, mannitol, inositol, sucrose, and trehalose) were
detected in the aerosols studied. Levoglucosan was most
abundant, contributing around 90% of total identified sugars.
Average concentrations of sugars in winter (700 ng m-3) were
around 5 times higher than in summer (123 ng m-3).

Wintertime concentrations of sugars were highest in Chong-
qing (2799 ng m-3) and Xi’an (3239 ng m-3) and lowest in
Yulin (64 ng m-3) (Figure 3c). The summertime concentra-
tions were much lower (<280 ng m-3) in all the cities, except
for Chongqing (735 ng m-3).

Levoglucosan is a pyrolysis product of cellulose and a key
tracer of biomass burning (22, 23). Emissions from biofuel
combustion via cooking and house heating, together with
frequent development of inversion layers in winter, most
likely cause the high levels of levoglucosan in the Chinese
urban aerosols, especially in the two midwest cities.

Phthalates. Phthalates are widely used plasticizers in
plastic materials and can be released into the air from the
matrix by evaporation because they are not chemically
bonded to the polymer. Attention has been paid to phthalates
due to their potential carcinogenic and endocrine disrupting
properties (24, 25). However, little is known about their
atmospheric distribution over China. This is the first time
that phthalates have been reported in Chinese aerosols on
a nationwide scale. Six phthalates were detected in the
aerosols, i.e., dimethyl, diethyl, diisobutyl, di-n-butyl, ben-
zylbutyl, and bis(2-ethylhexyl) phthalates. Bis(2-ethylhexyl)-
phthalate is in general dominant species, followed by
diisobutyl and di-n-butyl phthalates (Figure 2d). Among
them, diisobutyl and di-n-butyl phthalates showed a strong

FIGURE 3. Spatial and seasonal distributions of organic compounds: (a) n-alkanes, (b) fatty acids, (c) sugars, (d) phthalates, (e) fatty
alcohols, (f) polyols and polyacids, (g) lignin and resin products, (h) sterols, (i) PAHs, and (j) hopanes.
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linear correlation (coefficient r 2 ) 0.90), suggesting that they
are commonly used plasticizers in China. The correlations
for any other combinations of phthalates are weak (r 2 <
0.40).

Phthalates are the most abundant compound class in the
aerosols from half of the cities studied in summer (Table 2).
Their summertime concentrations (168-2201 ng m-3) were
ca. twice higher than the wintertime concentrations (62-
445 ng m-3), being different from other major classes. The
highest concentration was observed in Chongqing (partially
due to the poor ventilation mentioned above), followed by
Tianjin (Figure 3d). Higher concentrations in summer may
be caused by enhanced emission of phthalates from plastics
because their emission rates increase with an increase in the
ambient temperature (26, 27). In winter relatively abundant
phthalates were detected in Xi’an, Shanghai, Chongqing, and
Guangzhou. We found that concentrations of fine-particle-
associated bis(2-ethylhexyl)phthalate in the 14 cities (25-
1748 ng m-3, Table S-1) are 1-3 orders of magnitude higher
than those from developed countries, e.g., United States
(Kansas and Texas; 2.0 ng m-3) (28), Sweden (2.0 ng m-3)
(26), and France (Paris; 5.4 ng m-3) (29).

Minor Compound Classes. Fatty Alcohols, Polyols and
Polyacids. Homologous series of even- numbered fatty
alcohols (C12-C32) were detected in the samples. C16 and C18

were major species in summer, whereas C28, C30, and C32

became dominant in winter (Figure S-1a). Concentrations
of total fatty alcohols were 6.1-527 ng m-3 in winter and
3.1-45 ng m-3 in summer (Table 2). Very high concentrations
were observed in Chongqing (459 ng m-3) and Xi’an (527 ng
m-3) during winter (Figure 3e). They were 5-88 times higher
than those in other cities, being consistent with the heavier
loadings of fatty acids in winter. Long-chain fatty alcohols
are abundant in higher plant waxes and loess deposits (15,
30). They may also be emitted to the air by biomass burning
process (16).

Polyols and polyacids including glycerol and glyceric,
malic, and tartaric acids were detected in the aerosol samples.
Glycerol is a product of fungal metabolism in soil (31), while
glyceric, malic, and tartaric acids are secondary photooxi-
dation products of atmospheric organic compounds (32).
Concentrations of glycerol, glyceric acid, and malic acid were
found at a similar level, whereas tartaric acid was detectable
only in a few samples (Figure S-1b). Their concentrations
were higher in winter than in summer in most southern cities
and vice versa in most northern cities (Figure 3f). The higher
concentrations in southern cities may be due to a significant
temperature gradient in winter from the south (19.2 °C, Table
1) to the north (-14 °C), suggesting the higher fungal and/or
photochemical activity in the south over the north in
wintertime. However, such a latitudinal trend was not
significant in summer, probably due to a less significant
difference in the ambient temperature (32.5-22 °C, Table 1).

Lignin and Resin Products and Sterols. Lignin (vanillic
and syringic acids) and resin (dehydroabietic acid) products,
as well as sterols (cholesterol, ergosterol, stigmasterol, and
â-sitosterol) were detected in the aerosols studied. These
lignin and resin products are thermally altered biomarkers
in smoke during biomass burning (18). Their concentrations
were much higher in winter (4.8-333 ng m-3) than in summer
(1.3-53 ng m-3) (Table 2). The highest wintertime concen-
trations were found in Guangzhou, Chongqing, and Xi’an,
whereas the highest summertime concentration was found
in Chongqing (Figure 3g).

Cholesterol, a tracer for smoke particles generated by meat
cooking (18, 33), was not a major sterol in the Chinese aerosols
although it was relatively abundant in some summer samples
(Table S-1). Rather, ergosterol and â-sitosterol are generally
much more abundant. Both sterols, together with stigmas-
terol, are present in plant leaves and emitted to the air via

biomass burning (16, 18). On average, concentrations of total
sterols in winter (317 ng m-3) are much higher than in summer
(19 ng m-3). These sterols are most abundant in Guangzhou,
Chongqing, Xi’an, and Yulin in winter, and in Chongqing
and Yulin in summer (Figure 3h).

The abundant presence of lignin and resin products and
sterols in the aerosols indicates that biomass burning is an
important source of organic aerosols in China, especially in
the mid and west rural areas, where biofuel is an important
domestic energy source for cooking and heating. Based on
statistical analysis, we found that levoglucosan, glucose,
vanillic, and dehydroabietic acids, ergosterol, stigmasterol,
and â-sitosterol are all strongly correlated each other (r 2 )
0.55-0.83), again implying a common emission of these
compounds from biofuel burning in China.

PAHs and Hopanes. 18 PAHs were detected in the aerosols
with a predominance of benzo(b)fluoranthene (Table S-1),
suggesting a coal combustion origin (34). Although PAHs
comprise rather a small fraction (<0.36%) of aerosol organic
matter, they are toxic and ubiquitous. Total PAHs showed
much higher concentrations in winter (14-701 ng m-3;
average 206 ng m-3) than in summer (1.7-168 ng m-3; average
28 ng m-3) (Table 2 and Figure 3i). High values in winter are
attributable to coal burning for residential heating (35).
However, vehicular emissions are also important sources of
PAHs (10), causing their high concentrations in urban areas
under the frequent development of inversion layers in winter
(e.g., Guangzhou). Concentrations of total PAHs in the 14
cities are 1-2 orders of magnitude higher than those in Los
Angeles (2.5 ng m-3) (36).

A series of hopanes (C27-C32) was detected in the aerosol
samples with higher concentrations in winter (19 ( 18 ng
m-3) than in summer (3.1 ( 4.6 ng m-3) (Table 2). 17R(H),-
21â(H)-30-Norhopane (C29Râ) and 17R(H),21â(H)-hopane
(C30Râ) are dominant (Figure S-1d). The highest wintertime
concentrations were recorded in Guangzhou, Chongqing,
and Xi’an, whereas summertime maxima were observed in
Chongqing and Xi’an (Figure 3j). Hopanoid hydrocarbons
(C27-C35) enriched in lubricant oils are emitted to the
atmosphere from internal combustion engines (14, 17).
Concentrations of hopanes in the 14 cities are equivalent to
or even higher than those reported in Tokyo (0.7-15 ng m-3;
average 5.5 ng m-3) (14). It is important to note that numbers
of automobiles are rapidly increasing in Chinese mega-cities,
which further exacerbates the air pollution problems.

In summary, concentrations of total quantified organic
compounds in the fourteen cities are much higher in winter
(1000-12 000 ng m-3; average 3320 ng m-3) than in summer
(480-4600 ng m-3; average 1510 ng m-3), accounting for 5.3
( 1.0% and 6.0 ( 1.3% of total organic matter (Table 2).
Around 95% of organic aerosols are not characterized, which
may include dicarboxylic acids (16), amino acids (37), humic-
like substances (38), and others. Spatial comparison of the
14 cities’ samples showed the highest levels of organic
aerosols in Chongqing and Xi’an, demonstrating heavy air
pollution in mid and west China (Figure 1). The large usage
of coal and biofuel burning, increasing number of automo-
biles, rapid industrialization/urbanization, high density of
population, and meteorological conditions (inversion layers)
are all causing the high loadings of organic aerosols (up to
99 µg m-3 OC) in China. These factors make Chinese air
pollution very complicated and different from that of other
countries. Chinese aerosols may have a significant impact
on not only local and regional air quality but also global
climate changes.
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