
ABSTRACT

The water uptake by fine aerosol in the atmosphere
has been investigated at Gosan, Korea during ABC-
EAREX 2005. The concentration of inorganic ion and
carbon components, size distribution, and light scat-
tering coefficients in normal and dry conditions were
simultaneously measured for PM2.5 by using a paral-
lel integrated monitoring system. The result of this
study shows that ambient fine particles collected at
Gosan were dominated by water-soluble ionic species
(35%) and carbonaceous materials (18%). In addi-
tion, it shows the large growth of aerosol in the drop-
let mode when RH is higher than 70%. Size distri-
bution of the particulate surface area in a wider size
range (0.07-17 μm) shows that the elevation of RH
make ambient aerosol grow to be the droplet mode
one around 0.6 μm or the coarse mode one, larger
than 2.5 μm. Hygroscopic factor data calculated from
the ratio of aerosol scattering coefficients at a given
ambient RH and a reference RH (25%) show that
water uptake began at the intermediate RH range,
from 40% to 60%, with the average hygroscopic
factor of 1.10 for 40% RH, 1.11 for 50% RH, and
1.17 for 60% RH, respectively. Finally, average chem-
ical composition and the corresponding growth curves
were analyzed in order to investigate the relationship
between carbonaceous material fraction and hygro-
scopicity. As a result, the aerosol growth curve shows
that inorganic salts such as sulphate and nitrate as
well as carbonaceous materials including OC largely
contribute to the aerosol water uptake.

Key words: PM2.5, Size distribution, Hygroscopic
growth, Growth curve, Scattering coefficient

1. INTRODUCTION

Recently, INDOEX revealed the so-called “brown
cloud” phenomenon over the Northern Indian Ocean
region with a large impact on the solar radiative heat-
ing of the region. The result suggests that urban haze
can spread over an entire sub-continent and an ocean
basin due to the long-range transport and finally could
perturb the radiative energy budget of the region and
global climate (Ramanathan et al., 2001). In this point
of view, Northeast Asia has attracted much attention
due to its increasingly high emission of anthropogenic
air pollutants. An international program entitled Asian
Brown Cloud (ABC) started in Asia in 2002 in order
to understand the effects of air pollution and mineral
dust in this region on the earth’s climate and environ-
ment (Ramanathan and Crutzen, 2003). This study
presents the result of ABC-EAREX 2005 conducted
in the spring monsoon season at Gosan super site. 

Previous works during INDOEX found that the
brownish haze which is widely spread over the Asian
continents consists of a mixture of anthropogenic
sulfate, nitrate, organics, black carbon, dust and fly
ash particles, and natural aerosols such as sea salt and
mineral dust (Quinn et al., 2002). Generally, inorganic
salts and carbonaceous aerosols may play an impor-
tant role in radiative and climate forcing. Especially,
particulate sulfate, nitrate, organic carbon, soil, and
size distribution have been potentially associated with
light-scattering of solar radiation (Sisler and Malm,
2000). In addition, the uptake and loss of water by
aerosols according to the ambient relative humidity
can significantly change not only the size distribution
and chemical composition, but also the light scatter-
ing properties of aerosol (Tang, 1996). Many labora-
tory and field studies have been performed to under-
stand the relationship among the hygroscopicity, physi-
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cal, chemical, and optical properties of ambient aero-
sols. However, there is still a need for further exami-
nation of the hygroscopic nature of ambient aerosols
and the impact of aerosol growth by water uptake on
radiation transfer through the atmosphere. For exam-
ple, organic compounds also contribute significantly
to the fine aerosol although water-soluble inorganic
salts often contribute the largest part of PM mass.
Throughout Northeast Asia, organic carbon contri-
butes between 13% and 23% of the fine particle mass
(Dp⁄2.5 μm) with the highest fractions occurring at
the major industrial regions located in Northeast China
(Han et al., 2006; Han et al., 2004). At this time, the
polar organic carbon compounds such as carbonyl
groups which consist of organic carbon can also con-
tribute to water uptake by the ambient aerosol (Day
and Malm, 2001). However, the roles of most other
organic carbon compounds playing in the water uptake
of ambient aerosol were not much known while inor-
ganic salts and their hygroscopic properties have been
studied comprehensively.

In several previous works, the water uptake by am-
bient aerosols was investigated by using the Tandem
Differential Mobility Analyzer (TDMA) (Day and
Malm, 2001; Dick et al., 2000; Swietlicki et al., 1999;
McMurry and Stolzenburg, 1998). The instrument
consists of the sampling inlet assembled with PM2.5

size cut cyclone, RH control part, and nephelometer
coupled with RH and temperature sensors. In this
study, the similar structure was organized in a parallel
integrated monitoring system. The newly organized
system measures the change of particle size in paral-
lel while the existing TDMA is made up of a serial
system. This system simultaneously measures the size
distribution of ambient aerosol, and light scattering
coefficients in dry and normal conditions. The results
are expected to help us to understand the characteris-
tics of ambient hygroscopic aerosol and their compli-
cated growth behaviour at Gosan, Korea, which is a
representative background site in Northeast Asia during
ABC-EAREX 2005.

2. DESCRIPTION OF
THE MONITORING

Aerosol monitoring was performed at Gosan, Jeju
Island, Korea (33�17′N, 126�10′E, 70 m a.s.l) during
ABC-EAREX 2005 intensive measurement periods,
from 8 March to 6 April 2005. Gosan has served as a
super site of ABC project, which is an ideal location
for studying the long-range transport of air pollutants
in Northeast Asia as shown in Fig. 1. In this region,
continentally derived aerosol may be transported to the

leeward of prevailing westerlies in spring. The aero-
sols originated in continents contain not only soil dust
such as Asian dust, but also anthropogenic pollutants
involved with fossil fuel combustion, industrial pro-
cesses, biomass/biofuel burning, and so on (Han et al.,
2005). In addition, they can mix and chemically inter-
act with marine aerosol components such as sea salt,
biogenically derived sulfates and carbonaceous spe-
cies during the transportation. During the measurement
period, two Asian dust outbreaks were observed from
17 to 18 March and on 29 March. In this study, aero-
sol data during Asian dust periods were not analyzed.

2. 1  Real-time Monitoring of 
Particulate Chemical Composition

The mass and chemical composition of PM2.5 was
continuously monitored with the interval of 1 hour.
Anderson FH-62 using β-ray attenuation method was
operated to measure PM2.5 mass concentration. The
real-time monitoring of water-soluble inorganic ions
such as SO4

2-, NO3
-, Cl-, NH4

++, Na++, K++, Ca2++, and
Mg2++ was conducted by using an Ambient Ion Moni-
tor (AIM) (URG-9000B, URG Co.). The configura-
tion of the AIM and the operating condition is describ-
ed in the previous work (Moon et al., 2006) and is
summarized as follows: in a liquid diffusion denuder,
interfering acid gases in sample air are preferentially
removed. Then this system introduces atmospheric
particle into a super-saturated environment by mixing
the airflow with 100�C steam, which grow the parti-
cles into droplets large enough to be impacted in an
inertial particle separator. The collected sample in a
flowing liquid stream is analyzed by ion chromatogra-
phy (Dionex, DX-100) connected with IonPac AS14A
and CS12A column. The mass concentrations of ther-
mal organic carbon (OC) and black carbon (BC) of
PM2.5 were thermally measured by semi-continuous
carbon analyzer developed by Sunset Laboratory. The
structure of the carbon monitor is basically the same

130 Asian Journal of Atmospheric Environment, Vol. 7(3), 129-138, 2013

Fig. 1. Location of Gosan super site.
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as that described by Peterson and Richards (2002). The
NIOSH 5040 method and involved gas TOT method
were modified for stable field monitoring as summa-
rized in Table 1. The validation of the used protocol
has already done elsewhere (Arhami et al., 2006). 

2. 2  Integrated Monitoring of Hygroscopic
Properties

The hygroscopic and optical properties of ambient
aerosols were measured by using a parallel integrated
monitoring system which contains two nephelometers
(NGN-3A, Optec Inc.) and two particle sizers (APS
3320, TSI Inc. and PDM 1108, Grimm, Co.). One set
including a nephelometer and a particle sizer is operat-
ed in ambient conditions while the other dries the same
aerosols to an RH of 25±5% with a diffusion dryer.
The hygroscopic factor for aerosol scattering, which
is proposed on the basis of the optical parameters, is
calculated as the ratio of the aerosol scattering coeffi-
cient at given RH to that at 25% RH. The existing
TDMA which is arranged in series allows the selec-
tion of a single particle size in the first DMA. The par-

ticle size is measured in the second DMA after it has
been exposed to increased or decreased relative humi-
dity in a conditioner (Carrico et al., 2005; Prenni et
al., 2003; Brechtel and Kreidenweis, 2000). On the
other hand, the newly organized system parallel mea-
sures the particle size and scattering coefficient in nor-
mal and dry condition as shown in Fig. 2. This system
consists of the sampling inlet, RH control part, parti-
cle sizer, and nephelometer coupled with RH and
temperature sensors. Two nephelometers measured
total scattering of PM2.5 at 550 μm. Impactors com-
bined with the sample inlets of them allowed the col-
lection of fine particles, aerodynamic diameter less
than 2.5 μm. During the operation, continuous 2-min-
ute integrations were conducted with a clean air cali-
bration approximately every 27 hours. Particle sizers
simultaneously count average number concentration
of particles in more than 15 channels with 10-minute
integration. The aerodynamic cut size is ranged from
0.5 to 20μm. 

3. RESULTS AND DISCUSSION

3. 1  Quality Control
Moon et al. (2006) and Han et al. (2006b) discussed

the agreement between these various measurement
technologies as well as the measured chemical com-
positions of various aerosol species. It was found that
the 24-hour bulk measurements agreed well with the
semi-continuous measurements bias compared to the
24-hour average data. The filter-based data of nitrate
and ammonium were lower than the results of real-
time monitoring influenced by volatilization losses of
ammonium salts in forms of NH4Cl and NH4NO3 from
aerosol matter during the storage. On the other hand,
AIM-derived ion components showed similar concen-
tration levels with another monitoring system, PILS-
IC with less than 20% difference and good correlation
(R¤0.8). The Sunset OC/EC data obtained through
the modified NIOSH protocol was compared favorab-
ly with the in-situ measurements using the NIOSH
5040 method. On average, Sunset-derived TC show-
ed about 6% difference between the two different pro-
tocols. 

Oberreit et al. (2001) conducted comparison of the
Grimm optical particle counter to the TSI aerodyna-
mic particle sizer. One measurement of the counting
efficiency for solid particles derives that APS has 85%
to 100% counting efficiency. The detailed descriptions
on these instruments were summarized in Table 2.
Simultaneous measurement of them revealed that num-
ber concentration reported by the PDM was lower in
the comparable range than the APS in polydisperse
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Table 1. Temperature profiles used for semi-continuous car-
bon analysis.

Gas Hold time (sec) Temperature (�C)

He 10 No heating
He 80 600
He 90 840
He 25 No heating

He+O2 35 650
He+O2 105 880

CH4 120 -

Fig. 2. Schematic diagram of parallel integrated monitoring
system.
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test while the PDM was greater than the APS in mono-
disperse tests. In this study, the simultaneous measure-
ments of APS and PDM in the same condition also
revealed a similar trend to the previous works as shown
in Fig. 3. In spite of a little underestimation of PDM,
the correlation coefficient (0.99) between the two
instruments is sufficiently high. An evaluation of the
model 3320 APS also showed that the particle recircu-
lation in the optics region caused by the shape of educ-
tion nozzle could lead to false large-particle counts in
APS 3320, and the side scatter by these missed parti-
cles mainly observed in the large size range, more than
10μm (Stein et al., 2002). 

RH uncertainty was calculated from the difference
between collocated measurements of the RH on the
sheath and inlet flows of nephelometer. A regression
between RH sheath and RH sample gives a slope of
0.96, and offset of 5.6% and R2 of 0.81. The average
magnitude of the difference in RH measurements for
the sample and sheath flows was 2.50±6.08 in % RH
units for n==468 samples (removing 1 outliers and pre-
cipitation periods). 

Optec NGN integrating nephelometers were operat-
ed in various configurations (Malm et al., 2005a; Day
et al., 2000; Molenar, 1997). In this study, the Optec-
derived PM2.5 scattering coefficients were compared

with the TSI model 3563 data for TSP in order to vali-
date the measured data. At this time, the TSI-derived
scattering values of PM2.5 were calculated by using
the number concentration of coarse particle measured
by APS and IMPROVE equation for estimating the
ambient scattering of coarse particles. As a result, the
PM2.5 scattering coefficients measured by OPTEC and
TSI nephelometers show good correlation (R==0.93)
and have a slope of 0.89. The average magnitude of
difference in two instruments was 7.4 Mm-1 (remov-
ing 9 outliers and precipitation periods), and it is rang-
ed in the reasonable error which could be caused by
the calculation of PM2.5 scattering from TSI-derived
TSP values as well as monitoring condition such as
the location and structure of sampling inlet.

System performance was also tested during the inten-
sive field campaign by simultaneous measuring the
scattering coefficients without diffusion scrubber for
24 hours. As a result, the correlation coefficient bet-
ween two parallel systems was 0.98 and the slope
was 0.99 indicating the equivalence of two parallel
systems. 

3. 2  Overview of Optical Properties of PM2.5

during ABC-EAREX 2005
The air quality offered by the Korean Ministry of

132 Asian Journal of Atmospheric Environment, Vol. 7(3), 129-138, 2013

Table 2. Particle counter specification.

Grimm PDM 1108 TSI APS 3320

Measurement principal Optical Optical and Time-of-flight
Size range, μm 0.3-20 0.5-20
Number of channels 15 52
Max number conc. p cm-1 2,000 1,000
Max mass conc. mg m-3 100 Not reported
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Environment and optical properties obtained during
the entire field campaign are shown in Fig. 4. The
measured dry σsp values ranged from 9.0 to 430 Mm-1

with an average period of about 99 Mm-1 over the
whole. The average values are comparable to σsp

values obtained in the regions influenced by anthro-
pogenic emissions like the continental boundary layers
during INDOEX (85 Mm-1) and the Negev Desert in
Israel during ARACHNE (90 Mm-1) (Mayol-Bracero
et al., 2002; Formenti et al., 2001). Especially, the
very high value of σsp, more than 250 Mm-1, was only
observed during the initial stage of AD phenomena
(73.9-430 Mm-1) and heavy pollution periods (149-
282 Mm-1), and the maximum value is comparable
with 410 Mm-1 for a day with heavy smog reported in
Los Angeles, California, USA (Seinfeld and Pandis,
1998). For clear days when the PM2.5 mass concentra-
tion was lower than 30 μg/m3, the scattering coeffici-
ent was about 54 Mm-1 and ranged from 9.0 to 139
Mm-1, which is similar to the typical value of mode-
rately polluted continental air masses such as the mid-
Atlantic coast of the US during TARFOX (53-196

Mm-1) and the continental air masses studied during
ACE-2 (0.11-100 Mm-1) (Quinn et al., 2000; Hegg et
al., 1997).

3. 3  Average Chemical Composition of 
Fine Aerosol in Different RH Condition

Generally, water vapor may be absorbed and con-
densed on hydrophilic aerosols when the atmospheric
RH is increased. The aerosol water uptake changes
the particle size as well as the optical properties of
ambient aerosol. As shown in Table 3, the concentra-
tions of several ionic species such as sulphate, nitrate,
and ammonium as well as carbonaceous materials in
PM2.5 were obviously increased according to the ele-
vation of RH when RH values were less than 80%.
Especially, the concentrations of sulphate, nitrate, and
ammonium in the RH range from 70% to 80% were
3.5, 3.6, and 4.6 times higher than those in low RH
values (⁄40%), respectively. However, when RH is
higher than 80%, the concentration of hydrophilic
chemical components in PM2.5 decreased implying
that the excessively damp air makes particles grow
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Table 3. Chemical composition of fine aerosol classified by RH.

RH (%)
Total

80‹RH⁄90% 70‹RH⁄80% 60‹RH⁄70% 50‹RH⁄60% 40‹RH⁄50% RH⁄40%

Mass 25.2±16.4 46.6±23.8 30.4±16.1 27.9±23.7 22.6±10.2 22.8±9.1 29.6±19.2
Cl- 0.54±0.21 0.65±0.27 0.77±0.35 0.90±0.72 0.77±0.40 0.67±0.29 0.76±0.48
SO4

2- 4.79±4.57 8.57±4.61 5.99±4.43 4.14±3.8 3.24±1.68 2.38±1.20 5.14±4.27
NO3

- 1.62±1.03 3.20±2.33 2.39±2.15 1.48±1.90 1.17±0.98 0.92±0.48 1.92±1.98
Na++ 0.30±0.16 0.41±0.13 0.42±0.15 0.44±0.19 0.39±0.14 0.35±0.13 0.40±0.16PM2.5 NH4

++ 2.20±0.92 3.31±1.71 2.16±1.48 1.39±1.41 1.10±0.92 0.73±0.48 1.88±1.56
(μg/m3) K++ 0.26±0.11 0.38±0.13 0.32±0.11 0.30±0.13 0.31±0.09 0.30±0.12 0.32±0.12

Mg2++ 0.05±0.02 0.07±0.03 0.07±0.04 0.09±0.05 0.07±0.04 0.08±0.04 0.08±0.04
Ca2++ 0.14±0.05 0.17±0.09 0.16±0.08 0.24±0.16 0.22±0.21 0.23±0.14 0.20±0.14
OC 3.55±0.91 4.95±1.64 4.25±1.79 3.86±1.92 3.54±1.32 3.43±1.55 4.03±1.73
EC 0.97±0.71 1.84±0.91 1.32±0.79 1.20±0.80 1.00±0.54 0.84±0.39 1.26±0.81

Fig. 4. Temporal variation of air quality at Gosan during ABC-EAREX 2005.
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into a coarse one, more than 2.5 μm. In particular, the
steep decrease of fine mass, about 50% than that in
the range 70%⁄RH⁄80%, implies that fine particles
in high RH condition (¤80%) may be diminished by
the sudden hygroscopic growth as well as the adhesion
into the coarse one.

3. 4  Cross-sectional Area Distributions as 
a Function of RH 

Size distributions of particulate surface area are
compared in different RH ranges in order to study the
influence of high RH and water uptake on aerosol
size distribution. The average size distribution classi-
fied by RH in the fine size range (Dp⁄2.5μm) reveals
that the particulate surface area increases according to
the RH elevation when RH was less than 80%. Espe-
cially, the increase of surface area was mainly observ-
ed in the droplet mode, around 0.6 μm, as shown in
Fig. 5. However, when humidity is ramped to high RH
values (¤80%), the aerosol surface in the droplet mode
was not increased in the same way with the concentra-
tion of hydrophilic species in PM2.5 implying that the
hygroscopic growth of particles mainly occurred in the
coarse size range, larger than 2.5μm. 

In order to see the hydroscopic growth in the coarse
size range (Dp¤2.5μm) with RH exceeding 80%, size
distribution of surface areas in a wider size range of
0.07-17μm was compared between in normal and dry
conditions. Fig. 6 shows that the particulate surface
area in high ambient RH condition (¤80%) and the
difference of them between in normal and dry condi-
tions are steeply increased when the aerodynamic
diameter is larger than 10 μm. Although the size dis-
tribution measured by APS 3320 was not calibrated

in the coarse size range by using the correlated mask,
the large amount of difference in surface area definite-
ly shows that most hydroscopic growth of aerosol
occurred in the coarse particles (Dp¤10μm) when RH
was higher than 80%. Moreover, the graph reveals
that the surface area in the droplet mode was lower in
the normal condition than in the dry condition, sug-
gesting that fine aerosol in the droplet mode could be
grown to that in the coarse mode in the high RH con-
dition (¤80%) by the physical interaction between par-
ticles such as adhesion or coagulation. This fact well
describes the decrease of mass and inorganic salts in
fine aerosol when RH is higher than 80%.

3. 5  Variation of Scattering Coefficients
according to the Atmospheric RH

Particulate matter is a mixture of components that
are formed by a wide variety of mechanisms associat-
ed with both natural and anthropogenic origins (Alves
et al., 2001). Especially, atmospheric sulfates are often
found to be associated with the fine particulate mass,
in the size range from 0.1 μm to 1.0 μm, where parti-
cles can most efficiently scatter sunlight. Therefore, a
strong correlation between light scattering and sul-
phate mass concentration has been observed (Tang,
1996; White, 1976). The inorganic salt aerosols includ-
ing sulfate are mostly hygroscopic in nature and exhi-
bit the property of deliquescence in humid air (Tang,
1980). Therefore, the optical properties of aerosol such
as scattering and absorbing properties could be modi-
fied by RH (Chazette and Liousse, 2001). The scatter-
ing coefficients (σsca) and the number concentrations
(dN) of fine aerosol (Dp⁄2.5 μm) classified by RH
ranges are shown in Table 4. Overall, they reveal the
largest values when RH is ranged from 70% to 80%,
similar to the concentration of sulphate, nitrate, and
carbonaceous materials. On the other hand, the ratios
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of σscat, ambient/σscat, 25% was increased corresponds to
the elevation of RH in the whole RH ranges. In spite
of the reduction of scattering coefficients and number
concentration of PM2.5, the sharp increase of the ratio
in the high RH range (80%‹RH⁄90%) could be
caused by the phase transformation from a solid parti-
cle to a droplet. Generally, the phase transformation
usually occurs spontaneously when the relative humi-
dity in the surrounding atmosphere reaches a level,
known as the deliquescence point that is specific to
the chemical composition of the aerosol article (Tang
and Munkelwitz, 1993; Tang, 1976). The phase trans-
formation as a function of the relative humidity was
clearly indicated at about 80% RH for (NH4)2SO4 and
at 75% RH for NaCl (Tang, 1996; Tang and Munkel-
witz, 1993).

Fig. 7 shows the deliquescent behavior of ambient
aerosol at Gosan during ABC-EAREX 2005. The plot
shows the influence of RH on the aerosol water uptake.
Overall, growth curve data made a similar appearance
with the general shape of the compilation growth
curves. Especially, the growth curve indicates that the
aerosol appeared to start absorbing some water some-
where between 45% and 60% RH with the average
ratios of σscat, ambient/σscat, 25% 1.10 for 40% RH, 1.11

for 50% RH, and 1.17 for 60% RH, respectively. It is
considerably different with that at Great Smoky where
a smooth and continuous growth above 20% RH while
the deliquescent points were similar with Grand Can-
yon (Day and Malm, 2001). 

3. 6  Relationship between Hygroscopicity
and Chemical Composition

In order to investigate the influence of chemical
components on the hydroscopic growth, the average
chemical composition and the corresponding growth
curves were studied. Fig. 8 shows the average chemi-
cal composition and the corresponding growth curve
for subdivided periods including when one of the low-
est growth curves were measured and when one of the
highest growth curves were measured at Gosan during
ABC-EAREX 2005. When organic carbon and soluble
inorganic compounds contributed 15% and 55% of the
fine aerosol mass, respectively, there were very little
uptake of water. On the other hand, the aerosol water
uptake was much greater when there was about two
times larger organic mass fraction and similar soluble
inorganic fraction. This result suggests that the organ-
ic materials significantly contribute to water uptake
during these studies. It is remarkably different with
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Table 4. Statistical summary of scattering coefficient and number concentration of fine aerosol in selective RH ranges.

σsca, ambient σsca, 25%

(Mm-1) (Mm-1) dNambient dN25% Δσsca σscat, ambient/σscat, 25%

RH⁄40% 27.6±7.8 24.2±7.2 81±28 91±28 3.35 1.17±0.25 
40‹RH⁄50% 43.9±22.4 30.8±12.3 131±73 121±53 13.10 1.44±0.29
50‹RH⁄60% 76.1±50.4 39.6±28.4 169±138 159±124 36.51 2.00±0.64
60‹RH⁄70% 113.4±61.4 52.0±32.5 226±152 227±155 61.34 2.34±0.67
70‹RH⁄80% 234.8±118.6 78.8±38.9 377±187 347±187 156.04 3.16±1.21
80‹RH⁄90% 229.7±151.4 43.0±30.2 227±159 194±139 179.49 4.58±1.59 

Fig. 7. Scattering plot of hygroscopic factor data at Gosan
during ABC-EAREX 2005.

Fig. 8. Growth curve structures for subdivided periods repre-
sentative of different chemical compositions.



the result of other previous studies in which they des-
cribed that organic materials in TSP can suppress the
water uptake of aerosol (Carrico et al., 2005; Malm et
al., 2005b). For example, McInnes et al. (1998) has
suggested that organic carbon may suppress water
uptake by ambient aerosol (TSP) in a marine environ-
ment: A comparison of chemical composition and aero-
sol growth curves shows that the largest growth curves
occur when the fractions of inorganic salts were high-
est. When the fractions of organic carbon and soil
were high, the growth curves were lower. Brooks et
al. (2004) and Prenni et al. (2003) found that mixing
organic aerosols with inorganic species showed a
slightly depressed deliquescence point compared with
the pure inorganic species within the uncertainty of
the measurement. Especially, carboxylic acids and
alkanes are known to decrease the amount of hygro-
scopic growth when those compounds replaced the
inorganic compounds such as NaCl and (NH4)2SO4

(Choi and Chan, 2002; Hansson et al., 1998). Reduc-
tion of hygroscopic growth was also caused by the in-
creasing mass fraction of organic material for aerosols
emitted from biomass burning (Carrico et al., 2005;
Malm et al., 2005b). On the other hand, Saxena et al.
(1995) described that the freshly produced organic
carbon in an urban area (Los Angeles, CA) has a net
effect of diminishing water content, while aged, that
is, oxidized organic carbon in a rural setting (Grand
Canyon, AZ) has a net effect of increasing the water
content of the ambient aerosol. 

It suggests that these dissimilar results on the water
uptake by organic compounds could be caused by not
considering the hygroscopic growth in the fine size
ranges, the oxidation degree of organic matter, and
the mixed state of organic matter with inorganic com-
ponents. Generally, secondary aerosols containing sul-
fate, nitrate, ammonium, and various organic materials
occupy the great portions of sub-micron aerosols.
Therefore, the correlation between the hygroscopicity
and the concentration of organic matters in the fine
size range (Dp⁄2.5μm) can suggest how the oxidized
organic ones contribute to the hygroscopic growth. In
addition, the parallel system used in this study direct-
ly provides the information on optical and hygroscopic
properties of ambient aerosol while the TDMA system
can make the mixed structure of chemical components
change during drying and humidification of ambient
aerosol. 

The hygroscopic growth curves of aerosol with the
different composition of organic carbon are compared
in Fig. 8. A comparison of chemical composition and
aerosol growth curves shows that the increase in hygro-
scopic growth can be obtained when the fractions of
organic carbon is high. Especially, the similar mass

fractions of inorganic salts in two cases imply that the
difference of hygroscopic growth can be caused by
the composition of carbonaceous materials. This sug-
gests that particulate carbon compounds collected at
Gosan, Korea are sufficiently aged and contribute as
much as inorganic salts to aerosol water uptake. It is
different from a previous work conducted by Kim et
al. (2006) during ACE-Asia. The distinctive result can
be caused by the difference of monitoring method,
aerosol size range and so on. In addition, the relation-
ship between hygroscopic growth and organic carbon
has to be investigated under the consideration of the
composition of inorganic salts. 

4. SUMMARY AND CONCLUSIONS

High atmospheric RH causes the hygroscopic growth
of ambient aerosol as well as the change of chemical
composition, size distribution, and optical properties
of it. Ambient fine aerosols (Dp⁄2.5 μm) collected at
Gosan, Korea during ABC-EAREX 2005 was domi-
nated by water-soluble ionic species (35%) and car-
bonaceous materials (18%). Surface area distribution
of aerosol shows that the elevation of RH makes the
ambient aerosol grow to be the droplet mode around
0.6μm and coarse mode, larger than 2.5μm. The hyd-
roscopic growth was mainly observed in a larger size
range of over 10μm. However, when RH is lower than
80%, the increase of droplet mode area was apparent-
ly observed in fine size range (Dp⁄2.5 μm). The de-
crease of fine mass and scattering coefficients in high
RH values also implies that the hygroscopic growth
could make the fine aerosol grow to be the coarse one
in extremely damp air (RH¤80%) by the influence
of the physical interaction between ambient particles
such as the adhesion and coagulation. 

The hygroscopic factor of ambient aerosol was cal-
culated from the measured scattering coefficients at a
given ambient RH and a reference RH (25%) using a
parallel monitoring system. The result shows that
water uptake began at intermediate RH range, from
40% to 60%. Average chemical composition and the
corresponding growth curves were analyzed in order
to investigate the relationship between carbonaceous
material fraction and hygroscopicity. As a result, the
positive relationship between carbonaceous material
fraction and hygroscopicity was observed suggesting
that carbonaceous components also contribute as much
as water soluble ionic species to the aerosol water
uptake at the Gosan super site. Moreover, it implies
that the carbon components of PM2.5 at Gosan could
be sufficiently aged and made into a hydrophilic mate-
rial by the oxidation in the atmosphere. 
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This result shows that the hygroscopic properties of
ambient fine particles collected at Gosan during ABC-
EAREX 2005 were significantly different with those
of TSP and PM10 studied in several previous works.
The hygroscopic growth of fine aerosol was dominat-
ed by the growth of droplet mode aerosol, around 0.6-
0.7 μm. Especially, the hygroscopic behaviour of the
droplet mode particles was definitely different with
the coarse mode ones. The results of this study sug-
gest that the hygroscopic growth of fine aerosol can
be mainly impacted by the organic carbon fraction.
The large fraction of particulate organic materials
could accelerate the formation of haze when fine car-
bonaceous aerosol is sufficiently oxidized during long
range transportation, especially in the moderately
humidified environment (RH⁄80%). 
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