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a b s t r a c t 

An aerosol electrical mobility spectrum analyzer (AEMSA), developed at Hanyang Univer- 

sity, was employed to investigate the particle charge characteristics in the Antarctic and 

Arctic regions. The particle charge characteristics in these areas were compared with the 

charging state in Ansan, South Korea, located in the midlatitude, where artificial factors, 

such as human activity, urbanization, and traffic, might result in a higher total concentra- 

tion. Furthermore, in Ansan, South Korea, the charged-particle polarity ratio was very stable 

and was close to 1. However, notably different particle charge characteristics were obtained 

in the Antarctic and Arctic regions. The imbalance between the numbers of positively and 

negatively charged particles was evident, resulting in more positive charges on the atmo- 

spheric particles. On average, the positively charged particle concentrations in the Antarctic 

and Arctic areas were 1.4 and 2.8 times higher, respectively, compared with the negatively 

charged particles. The developed AEMSA system and the findings of this study provide use- 

ful information on the characteristics of atmospheric aerosols in the Antarctic and Arctic 

regions and can be further utilized to study particle formation mechanisms. 

© 2021 The Research Center for Eco-Environmental Sciences, Chinese Academy of 

Sciences. Published by Elsevier B.V. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

 

 

 

 

 

 

 

 

 

 

Introduction 

Aerosol particles are emitted from various sources, such as
deserts, oceans, and industrial emissions, and they are widely
distributed in the atmosphere through atmospheric transport,
evaporation, and convection ( Chu et al., 2016 ; Dallósto et al.,
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2017 ; Han et al., 2008 ; Jokinen et al., 2018 ; Kumar and Gule-
ria, 2017 ; Liu et al., 2020 ). It is widely known that the prop-
erties of atmospheric particles, including size, concentration,
morphology, and composition, are critical parameters in de-
termining the local and global climate by engaging in scat-
tering and absorption of solar radiation and cloud formation
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 Carslaw et al., 2002 ; Charlson et al., 1992 ; Hansen et al., 1997 ;
e et al., 2019 ; Li et al., 2020 ). Therefore, particle characteriza- 

ion techniques have been developed over time to estimate 
hese properties of the atmospheric particles: impactor (in- 
rtia), cyclone (inertia), electrical mobility analyzer (electrical 
obility), optical particle counter (scattering), aerodynamic 

article sizer (inertia), balancing (mass), diffusion battery (dif- 
usivity), and electron microscopy. The details of these aerosol 

easurement instruments are well represented in the work 
y McMurry (2000) . These advanced techniques have led to im- 
ortant discoveries concerning atmospheric aerosol physics 
nd chemistry as a connection to the effects of aerosols on 

tmospheric environments. 
Another important parameter of atmospheric particles 

hat significantly influences climate change patterns is the 
harging state of particles, i.e., the number of charged particles 
nd their polarities. Since Raes and Janssens (1985) showed 

xperimental evidence of the connection between ions and 

ucleation mechanisms, the importance of ions and charged 

articles in the atmosphere has been attracting considerable 
ttention. Atmospheric particles are charged through vari- 
us mechanisms, such as thunderstorms, electrified shower 
louds, and cosmic ray ionization, and charged particles ac- 
elerate cloud formation owing to the enhanced conden- 
ation rate of molecules with polarity ( Rycroft et al., 2007 ; 
aunders, 1992 ; Snow-Kropla et al., 2011 ; Usoskin and Ko- 
altsov, 2006 ; Yu and Turco, 2001 ). Harrison (2004) highlighted 

hat a profound understanding of atmospheric electrical sys- 
ems, combined with cloud microphysics and cosmic rays,
ould offer important insights into climate science. The ef- 

ects of particle charging state on particle behaviors in the 
tmosphere under specific conditions have also been inves- 
igated. Gilbert et al. (1991) measured electrical charges of 
sh particles to study deposition mechanisms of aggregated 

olcanic-ash particles, and Harrison et al. (2010) discussed the 
ossibilities of charging mechanisms for volcanic-ash parti- 
les. Nicoll et al. (2011) investigated charging mechanisms of 
tmospheric particles in the elevated Saharan dust layers and 

he effects of charge on particle motion and collection. They 
dditionally mentioned that a clear explanation of the ob- 
erved results might become available with particle polariza- 
ion measurement. In another interesting study, performed by 
enard et al. (2013) using a balloon flight equipped with strato- 
pheric and tropospheric aerosol counters, charged particles 
ere observed at an altitude below 10 km in the troposphere 
nd above 20 km in the stratosphere. However, uncharged par- 
icles were observed between these altitudes. The aforemen- 
ioned studies focused primarily on the charging rate of the 
tmospheric particles, largely neglecting their polarities. 

In a previous study, an aerosol electrical mobility spec- 
rum analyzer (AEMSA) was developed that consists of a sat- 
rator, condenser, mobility analyzer, and detector — laser 
nd charge-coupled device (CCD) camera. The AEMSA detects 
he electrical mobility spectrum and polarity of nanometer- 
ized charged particles. The performance of the AEMSA was 
emonstrated by measuring the equilibrium charging state 
f monodisperse particles ( Ahn and Chung, 2010 ), and the 
EMSA was successfully employed to analyze the particle 
harge polarity during a lightening event ( Lee and Ahn, 2017 ).
n this research, the AEMSA was utilized for monitoring the 
harging state of the atmospheric particles in the Antarctic 
nd Arctic regions, where different particle-charging charac- 
eristics are expected because of prominent features of these 
reas, including the absence of the human activity and urban 

nvironments and different annual cycles of solar radiation 

ompared with the midlatitudes. The AEMSA can be employed 

n various applications and areas for investigating the effects 
f charged particles in the atmosphere. 

. Method 

.1. Instrument 

he AEMSA was utilized for investigating aerosol charging 
henomena for atmospheric particles. A schematic diagram 

f the AEMSA is shown in Appendix A Fig. S1a. The AEMSA 

esembles a combination of a differential mobility analyzer 
DMA) and a condensation particle counter. It employs a fixed 

lectrical potential between two parallel electrodes to differ- 
ntiate particles based on their electrical mobilities. The dis- 
ance between the two electrodes is 9 mm, and the length of 
he electrodes is 50 mm. A total aerosol flow of 0.4 L/min is
ampled through the inlet of the AEMSA, and 0.012 L/min is 
xtracted and passes through the capillary tube. The remain- 
er of the flow passes through a filter and a saturator (35 °C),
here isopropyl alcohol (IPA) evaporates and is transformed 

nto a particle-free saturated IPA vapor flow. Particles injected 

rom the capillary tube are carried by the saturated vapor flow,
ollowing which the supersaturated IPA vapor condenses onto 

he particles to form larger droplets at a condenser part main- 
ained at 10 °C, which can be easily detected by an optical de-
ector. 

Based on the principle of the AEMSA, neutral particles, i.e.,
ero charge, are detected at the middle of the analyzed region,
nd charged particles migrate because of the electrical force 
nd are detected at certain detection locations, depending on 

article electrical mobility and charge polarity. Fig. S1b shows 
 typical example of the data obtained by the AEMSA for ambi- 
nt particles. Smaller particles have a higher electrical mobil- 
ty; as a result, they are detected farther away from the center 
ine. In the system, the left side shown in Fig. S1b represents 
ositively charged particles, and the right side is for negatively 
harged particles. It should be noted that the particles that 
re passing through the middle of the detection spot in the 
EMSA consist of not only the neutral particles but also larger 
harged particles if the charged particles have a low electrical 
obility in the applied electric field that does change their po- 

itions away from the middle of the detection spot. Therefore,
he main focus of this study is on the number of the positively 
nd negatively charged particles, which can be affected by the 
lectric field, and their ratios. 

With a proper calibration process and operating condi- 
ion, the AEMSA successfully provides information on par- 
icle electrical mobility and charge polarity. The details on 

he AEMSA calibration and operation were introduced in 

 previous work by Ahn and Chung (2010) . They analyzed 

ifferent-sized monodisperse particles classified by a DMA 

y using the AEMSA. The data showed a clear differentia- 
ion of charged particles, and the obtained charging fractions 
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Fig. 1 – Locations for the aerosol electrical mobility 

spectrum analyzer (AEMSA) measurements: (a) Ansan in 

South Korea, (b) Antarctic King Sejong station, and (c) Arctic 
Dasan station (map of the world was retrieved from 

Wikipedia). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1 – Information on measurement locations and op- 
erating conditions of the aerosol electrical mobility spec- 
trum analyzer (AEMSA) 

Location Date (mm/dd) Voltage (V) Size range (nm) 

Ansan, South 
Korea 
(37.3 °N, 
126.8 °E) 

04/07 300 20–80 
04/08 3000 70–300 
04/09 3000 70–300 
04/12 1500 47–220 

Antarctic 
King Sejong 
station 
(62 °S, 58 °W) 

03/10–03/11 300 20–80 
03/12 600 30–120 
03/13 3000 70–300 
03/14 80 11–40 

Arctic Dasan 
station 
(78 °N, 11 °E) 

05/28–05/29 3000 70–300 
05/29–05/30 1500 47–220 
05/30–05/31 300 20–80 
05/31–06/01 80 11–40 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

were consistent with the Fuchs modified empirical equation
( Wiedensohler, 1988 ). In this study, the AEMSA was used to
monitor charging fractions of atmospheric aerosols in the
Antarctic King Sejong and Arctic Dasan stations. The results
were compared with those obtained in a similar period in
Ansan, South Korea, located in the midlatitude. 

1.2. Measurement sites and operating condition 

AEMSA measurements of bipolar charged particles were con-
ducted in real time at three locations: Ansan, South Korea
(37.3 °N, 126.8 °E), Antarctic King Sejong station (62 °S, 58 °W),
and Arctic Dasan station (78 °N, 11 °E). The locations are in-
dicated in Fig. 1 , and the measurements were performed in
March–May 2009. The Antarctic King Sejong station is located
at Maxwell Bay, King George Island, in the South Shetland Is-
lands. During the measurement period, the temperature at
the location in March ranged from −5 to 5 °C, and snow in
the Antarctic melted. The Arctic Dasan station is located at
the Ny- ̊Alesund International Science Village in Spitsbergen
Island, Svalbard Archipelago, Norway. The temperature dur-
ing the measurement period ranged from −10 to 5 °C, and the
land was completely covered by snow. All measurements were
conducted in clear weather, and particle loss in the inlet port
and other transportation lines in the AEMSA was minimized
by using conducting materials. Furthermore, to prevent freez-
ing and clogging issues resulting from the cold weather dur-
ing the Antarctic and Arctic measurements, a warmer was in-
stalled to maintain the temperature around the AEMSA. 

Concentrations of total, neutral (in fact, including larger
charged particles not able to be classified by the electric field
due to their lower electrical mobilities), positively charged,
and negatively charged particles were obtained for each test.
Owing to the finite dimension of the detection region, a parti-
cle size range for detection is determined according to a fixed
voltage applied to the AEMSA. For example, if a particle placed
in a very strong electric field has very high electrical mobility,
the particle might be lost at the wall before reaching the detec-
tion region, where a CCD camera records the images of parti-
cles. Table 1 shows the operating condition of the AEMSA and
size range for each case. Particles with sizes approximately
from 10 to 300 nm were analyzed, and this corresponds to ap-
plied voltages from 80 to 3000 V. Each data point was obtained
from 3-min measurement. The experiments in Ansan in South
Korea, the Antarctic, and the Arctic were carried out around
the same time, providing useful information for understand-
ing different particle charge characteristics in the Antarctic
and Arctic regions as well as midlatitudes, i.e., Ansan, South
Korea. 

2. Results and discussion 

2.1. Ansan, South Korea 

Fig. 2 shows the concentration data on the atmospheric par-
ticles obtained in Ansan. The operating condition and corre-
sponding analyzed particle size range are presented in Table 1 .
The left figures in Fig. 2 show the measured particle con-
centrations, and the right figures represent the ratio between
positively and negatively charged particles (N( + )/N(–)). The
red dashed line indicates the 1:1 line, i.e., the same propor-
tion of positively and negatively charged particles. The x -
axis represents the hours of the day. It is shown that the to-
tal concentrations change with time, and the trend of the
charged-particle concentrations follows that of the total con-
centrations. In general, although there are some fluctuations,
positively and negatively charged particles are fairly well-
balanced, i.e., N( + )/N(–) is close to 1. However, from 6:00 pm
on April 9, the population of negatively charged particles in
the range of 70–300 nm started to exceed slightly that of the
positively charged particles. The charging state of the same
size range, i.e., 70–300 nm, was examined again on April 12.
The trend of the concentration variation was different from
that on April 9, having a peak concentration at approximately
1:00–2:00 pm. At this time, the negatively charged particles
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Fig. 2 – Particle concentrations measured by the AEMSA and the estimated charged-particle polarity ratio, N( + )/N(–), in 

Ansan, South Korea, on (a) April 7, (b) April 8, (c) April 9, and (d) April 12. 
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ere more abundant by 20% than the positively charged par- 
icles. In addition, the shapes of concentration variation on 

pril 7 (Tuesday), 8 (Wednesday), and 9 (Thursday) were very 
imilar, showing relatively higher concentrations obtained at 
:00–8:00 am and later in the afternoon. This might have been 

aused by traffic during commuting hours, which may not be 
pplicable to April 12 (Sunday). The well-balanced and sta- 
le charged-particle polarity ratio in urban environments is 
roadly in agreement with previous studies ( Dos Santos et al.,
015 ; Hirsikko et al., 2007 ; Retalis and Retalis, 1998 ; Rohan Ja-
aratne et al., 2016 ). Hirsikko et al. (2007) found that concen- 
rations of both positive and negative ions increased signifi- 
antly near traffic-related sources where they assumed that 
he ions should be produced, which was revealed by the wind 

ector analysis. The ion concentration is closely associated 

ith the particle charging. Therefore, we expect that by the 
bundant positive and negative ions in the urban environ- 
ent, the charge polarity of atmospheric particles might tend 

o be well-balanced. 

.2. Antarctic King Sejong station 

tmospheric particle concentrations and charged-particle po- 
arity ratios obtained at the Antarctic King Sejong station are 
hown in Fig. 3 . Each day has a different trend in concentration
ariation. Fig. 3 a shows that the concentrations varied signifi- 
antly with time. In general, the trend of concentration varia- 
ion for total particles was similar to that for the charged parti- 
les. However, at 4:00–5:30 pm and after 8:00 pm on March 10–
1, although a variation in concentration of total particles was 
bserved, the charged particles did not change significantly, or 
heir concentrations even decreased. This means the charging 
ate was reduced. However, it seems that the different charg- 
ng rates did not affect the polarity ratio of the charged parti- 
les significantly, which remained approximately 1.35 during 
he day. A pronounced tendency of the variations of concen- 
ration and polarity ratio could not be found in the Antarctic 
egion or in the Arctic region. This might be related to the ab- 
ence of artificial factors, such as industrial sources. A simul- 
aneous chemical analysis of the particles might need to be 
erformed to understand the trend more clearly. 

The trends of the concentration variation on March 12 and 

3 are very different. Relatively small peaks appeared sev- 
ral times during the measurement on March 12, but stable 
oncentration variation was observed on March 13, except 
or a significant increase in charged-particle concentrations 
t approximately 9:00–10:00 am. However, the overall trends 
f the polarity ratio on March 12 and 13 were similar. In the
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Fig. 3 – Particle concentrations measured by the AEMSA and the estimated charged-particle polarity ratio, N( + )/N(–), at the 
Antarctic King Sejong station on (a) March 10–11, (b) March 12, (c) March 13, and (d) March 14. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

early morning, at 6:00–7:00 am, a gradual increase in positively
charged particles was observed, following which, after the bal-
ance between the positively and negatively charged particles
continued for a while, a significant increase in the positively
charged particles was observed until 6:00 pm for both days.
Interestingly, on March 13, the number of positively charged
particles reached more than four times that of the negatively
charged particles. Moreover, a pronounced difference in the
polarity ratio before and after the concentration increase at
9:00–10:00 am was observed on March 13. It seems that the
significant increase of the particle concentration triggered the
imbalance of the charged particles. Without a significant vari-
ation in total concentration on March 14, slightly more posi-
tively charged particles were estimated. 

2.3. Arctic Dasan station 

Fig. 4 shows the data for the concentrations and charged-
particle polarity ratios obtained at the Arctic Dasan station on
May 28–June 1. Each measurement started at approximately
2:00 pm in the afternoon. In general, the concentrations var-
ied irregularly, and a distinct routine could not be found easily.
Measurements on May 29–30 and May 31–June 1 show a grad-
ual decrease in total concentration without any specific event,
and the concentration of the positively charged particles was
steadily higher than for the negatively charged particles. The
charged-particle polarity ratios for both cases were mostly
above 1, approximately 3. On May 28–29 and May 30–31, the to-
tal concentrations fluctuated widely until 10:00–11:00 pm, fol-
lowing which the opposite trends were observed in the early
morning, i.e., increasing (May 28–29) and decreasing (May 30–
31) concentration. Furthermore, at the beginning of the mea-
surement in the afternoon of both days, the charged-particle
polarity ratio was close to or below 1. After 3:00 pm on May
30, the negatively charged particles exceeded the positively
charged particles more than a factor of 10. However, through-
out the measurements, the overall charged-particle polarity
ratio was high and varied significantly. During the measure-
ments, the Arctic region was in the period of the midnight sun.
Therefore, the much higher and steady concentrations of the
positively charged particles might be related to the effect of
continuous influx of sun radiation at the measurement site. 

2.4. Charged-particle polarity ratio 

The difference in the obtained charged-particle polarity ra-
tios for the different locations is evident in Fig. 5 a. In Ansan,
South Korea, located in the midlatitude, the numbers of the
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Fig. 4 – Particle concentrations measured using the AEMSA and the estimated charged-particle polarity ratio, N( + )/N(–), at 
the Arctic Dasan station on (a) May 28–29, (b) May 29–30, (c) May 30–31, and (d) May 31–June 1. 
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ositively and negatively charged particles were fairly well 
alanced. Compared with this, the Antarctic and Arctic areas 
howed 1.4 and 2.8 times higher positively charged-particle 
oncentrations than negatively charged ones, respectively.
urthermore, the charged-particle polarity ratio is shown ac- 
ording to particle size range in Fig. 5 b. When operating the 
EMSA with applied voltages of 300 and 3000 V, the analyzed 

article size ranges were 20–80 and 70–300 nm, respectively.
t was revealed that, for the larger particle size range, i.e.,
0–300 nm, a higher ratio between positively and negatively 
harged particles was obtained in the Antarctic and Arctic re- 
ions than that of the smaller particles. This might be because,
s particle size increases, the particles carry charges more eas- 
ly. Moreover, owing to the proportional relationship between 

urface area and charges on particles, larger particles are more 
ikely to carry positive charges ( Yair and Levin, 1989 ). 

The results of the charged-particle concentration accord- 
ng to time were also plotted in Fig. 6 , i.e., 00:00–06:00, 06:00–
2:00, 12:00–18:00, and 18:00–24:00. Fig. 6 a clearly shows that,
n South Korea, the numbers of the positively and negatively 
harged particles were similar, regardless of time. Meanwhile,
he Antarctic and Arctic data spread out and are weighted 

oward the positively charged particles. Specifically, in the 
ntarctic measurement data at 6:00 am to 6:00 pm in Fig. 6 b 
red and gray colored symbols), the number of positively 
harged particles exceeded that of the negatively charged par- 
icles considerably. In the Arctic region ( Fig. 6 c), a large num-
er of negatively charged particles were observed sometimes,
ut, in general, considerably more positively charged particles 
ere present at all times. 

There might be several reasons for the presented results,
howing distinctive and different charge characteristics in 

outh Korea and the Antarctic and Arctic regions. Therefore,
ossible explanations are listed below. 

1) The different latitudes of South Korea and the Antarctic 
and Arctic regions might alter the charge characteristics.
Cosmic rays play an important role in determining elec- 
trical properties of the atmosphere ( Carslaw et al., 2002 ; 
Usoskin and Kovaltsov, 2006 ). Cosmic rays consist of high- 
energy protons, atomic nuclei, and electrons, and much of 
the cosmic-ray content is hydrogen nuclei, approximately 
90% of total nuclei. Some of these cosmic rays are deflected 

to the North and South Poles because of the Earth’s mag- 
netic field. This might result in the different charge char- 
acteristics at the poles and other parts of the Earth. 

2) During the measurements in the Arctic, the fields were cov- 
ered by snow, which may influence the terrestrial compo- 
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Fig. 5 – Charged-particle polarity ratio obtained for different 
(a) locations and (b) particle size ranges. 
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Fig. 6 – Concentrations of positively and negatively charged 

particles estimated in specific time ranges at (a) Ansan, 
South Korea, (b) Antarctic region, and (c) Arctic region. 
nent of natural radiation. Moreover, it has been revealed
that negative charging of ice occurs during evaporation
( Dong et al., 1994 ; Dong and Hallett, 1992 ). This may be
one of the possible factors for reducing positively charged
particles in the atmosphere over the Antarctic area, where
snow was melting during the measurement period. 

3) During the measurement period in the Arctic area, solar ac-
tivity continued for 24 hr a day owing to the midnight sun.
This unique solar activity of continuous inflow of solar ra-
diation may result in different consequences for the charge
characteristics of the atmospheric particles compared with
the cases for Ansan and the Antarctic area. 

3. Conclusions 

The charging states of atmospheric particles in the Antarc-
tic and Arctic regions were investigated by using the AEMSA,



88 journal of environmental sciences 105 (2021) 81–89 

w
b
d
p
A
t  

C
t
c
c
n
t
i
f
c
i
l
t

D

T
n
p

A

T
U

A

S
f

r

A

C

C

C

D

D

D

D

G

H
 

H

H

H

H

H

 

J

K

L

L

L

M

N

R

R

R

R

R

S

S

hich is an instrument for monitoring aerosol electrical mo- 
ility and charge at a fixed applied voltage. The AEMSA was 
eveloped at Hanyang University in South Korea. The ex- 
eriments were performed at the Antarctic King Sejong and 

rctic Dasan stations, and the results were compared with 

he particle-charging state measured in Ansan, South Korea.
harged-particle polarity ratios measured in Ansan revealed 

hat the numbers of positively and negatively charged parti- 
les were well balanced, resulting in approximately zero net 
harge. However, positively charged particles exceeded the 
egatively charged particles greatly in both the Antarctic and 

he Arctic regions. The gap between those particles are larger 
n the Arctic and followed by the Antarctic. The charging state 
or atmospheric aerosols plays an important role in climate 
hange. Therefore, the developed AEMSA system and the find- 
ngs in this study can provide a useful source for research re- 
ated to particle charge characteristics such as cloud forma- 
ion mechanisms. 
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