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Physical Characteristics of Aerosol Concentrations
Observed in an Urban Area, Busan
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Abstract

Aerosol physical properties have been measured at Pusan National University by using the 16-channel LPC(Laser Particle
Counter), and particle characteristics have been examined for the period from Aug. 4 2007 to Dec. 30, 2008. Annual total
average, seasonal average, and other averages of the meteorologically classified four categories such as Asian dust,
precipitation, foggy, and clear days are respectively described here. Both annually and seasonally averaged number
concentration show three peaks at the particle diameter of 0.3, 1.3, and 4 im respectively. However, the first peak for
summer season tends to be shifted toward smaller size than other seasons, implying the strong fine particle generation.
Meteorological condition shows strong contrast in aerosol concentrations. In Asian dust case, relatively lower number
concentrations of fine particles (i.e., smaller than 0.5 ym) were predominant, while higher concentrations of coarse particles
were found particularly for the size bigger than 0.5 ym In precipitation day, number concentrations were decreased by
approximately 30% due to the removal process of precipitation. Foggy day shows significantly higher concentrations for fine
particles, implying the importance of the aerosol condensation process of micro-fine-particle growing to fine-particle. Finally
the regressed particle size distribution function was fitted optimally with two log-normal distribution, and discussed the
similarities and differences among four categorized cases of the Asian dust, precipitation, foggy, and clear days.

Key Words : Aerosols size distribution, Bi-modal distribution, Busan, LPC(Laser Particle Counter), Number concentration

of aerosol

1M E %, % 5 Q1914 7190 B 5 0] v of
g, Ak} =271 Heje 0.001~100 gmof| o]2+=

o upo 14 HogL =of
Aol=Es WelAels A4 fasle B WA 2 o s esier (Willeke} Baron, 1993). 7181

o=
o] 7)) EAla} o]71ke] AFo] Thx 2 3L RAb
RS ]L_EEJ’]— 1_.\_"] H = Ooﬂ ]I]-I_. oy 2 a EH7]—‘] OZI],E—y = OH]’T)‘]—O:] (SChWaI'tZ, 1996)
N -0.4~- 2 W olo] ©.0] Z|LEA} BAZIAEL
Corresponding author: Cheol-Hee Kim, Division of Earth 04~-3.0 W™ H3] 2] 58] A7 Ak SAAI S
Environmental System, Atmospheric Science Major, Pusan M= Ao=® HuEal glom (IPCC, 1995), o]
National University, Busan 609-735, Korea el °ﬂ°1§€—2] E/\]- 7l—xﬂa_":194 kA ——7—7@ %q_:’L% 7]

Phone: +82-51- 510-3687 o - _ -
= o] B3lA A0 2mEly] © PN
E-mail: chkimZ@pusan.ac.kr _,_%Q}-_,] E=EHa0= :H— [e} 0}7] H?.l: Od;}i _1 -5_—9’-0}-

SO PARIAE WISt A AL I BAA 2o qmouma oo s |Here o




332 a4

Al FHE=aL ek

7|53k}t Ak olegt ofoj2E0 oo
¢lated, AAMY B SAEA 9 ey A=A
AAA = vl gdsiel o] B54 At A3
= T2 o 2E e e(HAA G AR A A
Ao} 9l ARHSL wo| B gich AldHor=
ol 2Z9] 57t Foll FHH o R =2 Holgle
(X, 1980), 18] 2|l S FHte] A5 Ad
Ao 2= 4, 5Yof| 11, BHA O R theA|of H]s|
20~45% A= SA WP, vl Sof] 2 7]
7F F A wiel AfHol= FErt WaL, 05l =
HUEATH(F T & 1996). tHE=AS] SR A+
A i), 7] 5(1986)-2 EAA (Electrical Aerosol
Analyzer)E ©]-85+01 0.01~1 um HL]2| EAITH7] of
A RES UA N, A W A A FEo] YD) ¢
A= A7 2AFSEO, ool 2% FETt 8A], 2049
HHE Hol= olg=t] dito] YepdE Bylom,
ofol2F L E Aidh= AL FulAgAEe|H
#HHA, A &FE] 7|ofstz A2 ARUS HE
o} E3E 7|2, 55, TFEE0] olojEE kol 3
e = T8 XS HRleh Park 7} Kim (2006)
= AEtistaet FARI(EAR] WA F shh A<
of| A Z¥z} ghate} HIgkAL7 Tt Y A H E

5 SAst] A& FE7 299 AR e ghrt
vt e 91 He] A 2 RE SARIAE] B

E‘ [e]

Aol 5
=429 ofolzze] Bela B4 AL 1Y
o A ST B B4 B4 5 ko

e, A2l 55 54 43S sletelil o2 mule)
79} AAN 7 AE wakslofof Btk 1 ol¢
£ A QA BE B4 wolslo] 1 E4S B
2] - st 0w Fusl7] gletel s dmAl K]
BaA A7 2% 9 wele So] Bash 27 Y

oM,
ey
N
R
tlo
-
ol
N
o
et
&
+
fi2a)
ol
2
i)
2
H
il
ko

Mo Helsto] 1 B4 AAHOR st A,
B4 B4 A AT Bk ol mule) gle) Aa
F%o) theks] olsiA Hk. olelat Tkt 754
ATAIEE A3 ool Bo] Helx o] 1|2
o AR Hol7t 9eS WS B ozt gAY

o

S
= E4S ofd 8= 2451 fjste] Fatdishn
oA A71ZE S4T ofloj2E0) 4 EAS A=
A 245 FAtd ek v e wekat SAde] A
A oA AR HAT71E F3ll 5743 0.2~10.0 1m )
73 MY s ARE o8 T A
ooz AFE T SAS EAskIAL ok
4" ARE F3l A Y ofo=mEY 2O
3 (lognormal distribution)2 =43l 1 EAS &
A 0= Bagsto] A AIaRT

2. OlO2E BE U 24 W

21, BE X ¥ X2

Rabdjsh AT ATAFEGIE 3513, A
129°04" 9|4 20073 08 04 HE] 2008 12¢ 30
ArkA] YA $5ES Asdon Zgu RS
Apgaslgon, Zlapate] BRol el ZdRiRE B
AF 7T (Y= 35°06', Hx= 129°02)9] T=RRE
AR5HIL) Fig. 10] TM-X, TM-Y RE2 #= 2|
o] 9142 AN AT

188 %0 195 200 25 210 ofs 2do 235
TM-X (km)

Fig. 1. Location of aerosol sampling site and meteorological
observation station.
2.2, HE ZH|
ofloj2Fe] stee FloIX YA |(Laser Particle
Counter; LPC-0210) 2 &43}9tiFig. 2). LPC= ¢



L

=AM &

Light Stop and
7 Reference
~ Photodetector
\ Callec(mg
Z -

Photodetector

— Inlet tube

& 71?—3 A3t} Q1219 é}%ﬂi o e
YRAAN SR, 2R dAe) Ase Ba
Felz 2AHE B2 2717k AdRpe] 271 the:
glek. o] Aol whet gl7do] Teln sk 97
AUSlolA ool Be] st AR,
2008). E Ao A= 0.2~10 im HAS 167 Hd=

ZH31 o m(Table 1) A|ZF o2 305 7120
1087 ¢F50L 2] 3715 s & Yste] 45kt

A oo} 2% o] By B4

_&4
o
u:E
O
HU
o
_,>i
I o
e
:L
r-1|1

dN/dlogDp = 2.303Dp lz)vp (1/m*) €))

dS/dlogDp = 2.303%@2% (pm?/m®) 2

dV/dlogDp = 2303Dp Dp? Tm (pm®/m*) 3)
o714 N& w9] A2lg eJ7e] 745, Dpi= YAkl
2738 bk whebd (1)l 458 ?msu Mg
24519 1 AT olgsiol (2), (3)2] Ao ziE )
738 wE 9 AHe] sg Ak o 2 Akteigir

o 3. oloj2Z0 37| B2
23, +5E, BUY, AN 59| At
ofoj2Z0] 37] HE u$- W & 2] fj& 3.1. Ol0{2EQ| HEA Y AHEA Sk
o olg XWs| FHSP] ML UskHoR Hhe Fig. 38 43 97 ool259] A% S5=
Table 1. Aerosol size range of each of the 16 LPC channels
Channel 1 2 3 4 5 6 7 8
. (m) 0.2~ 0.3~ 0.4~ 0.5~ 0.8~ 1.0~ 1.3~ 1.6~
S1e rangel 0.3 0.4 0.5 0.8 1.0 13 1.6 2.0
9 10 11 12 13 14 15 16
2.0~ 3.0~ 4.0~ 5.0~ 6.0~ 7.0~ 8.0~
>10.0
3.0 4.0 5.0 6.0 7.0 8.0 10.0
@ Nurrber Gon. (Al seasan) o o) Surface Con. (All season) © Volurme Con (Al seasan)
109 o8
[N )

T 3
e
o —-e
fe=n
H

1o L |
1ei6 s o

dN/dlogDp (m*)
Fe=m
o =1
o | =1
—roe
e
e
oo
dS/dlogDp (pm“m™)

H

=
f—
== e
= e
e
==}
}—1:1:[»—‘( o
| 1
1
dV/dlogDp (um*m)
g
L J
L ]
< 1®

3
Sg_;%rﬁm
g g

1
Partile Diameter ()

1
Particle Diameter (um) 01

1
Patide Diaeter ()

Fig. 3. Annually averaged aerosol number, surface and volume concentration size distributions observed at Pusan National

University.



334 9% -

ol ¥4 W A4 FEREES Uehd ago|ct 712
U A|RS HAS FERIR FASISI: Fig. 3 (a)
o] AWt YA Sl B 03 mollA] 13S
Hol & Aol AMSGF A&H o7 sk FF
S Rock 2 A4 P3SN Has B
L, EUA G A Fe A e ARSI

(Figs. 3(b), (¢)). ©] & A& s=E AHEH A 7§<] 7]
32 A WA 9342 0.3 0.4 ime] 17toA 1 5%
2101 6.8x10° pfm(+12.2x10° y’m”, -5.1x106 garm™)
2 Hoigte] vebgth (olst e ske S
(Median)& Yelfiglom L5 QRS 747} 95T AllE}
o, SHAIELY O] molch) F WA TlAofA= 1.6
2.0 pme] 71l 4] 5.5%10° ' m>(+17.5%10° g'm”,
-3.9x10° irm™) 2 ) 3RS YERdTh A WA 33
o A=4 5 ] 71N 6.9x10° gaim (+25.1x10°
prm”, -4.6x10° prm™) & 13RS Btk o]Ake]
TR ) 2 FAL 2 RE] i EA] of| o] 2E0] A o]
o9 ohefehE §-58 4= QAL Ak olo|RE AR
H slehA B4 g Bl A4S Wk ui
=9 9 Fgxete] AR HFH o FHE =
U Aol

Fig. 4= 5717t A4S A-EE Esto] ooj2
Z UFE 4, 21U Y A A e E2E YERd 19
otk 71 A} HE APE oA AR R oFdol vt
Wl Zb mAgho] e 4A1tE fARETh
Ul A 25 A HA g 3gko] YR 711 0.2
0.3 ym oA EAo] AL 42x10° m (+5.6x10°
m>, 3.0x10° m )2 7P Lo SEerE By, O
20 2 o] F, 71, A& 0= Yepsdth A&
=26x10° m>(+4.3x10°* m™, -2.0x10° m™) 2 713 &
2 FEEE Ut gl 5= 3 WA b
A7} Yehhs o] oh2 A 0.3 meld] 5|
0.2 mz Jepgon, & oo 8 w2 3RS 7t
FaL, HA= AAPE Foll 7P A UEbst o=
o 5ol Erst Y3tst vheat 3 dAMY LAdEH
o] ThE Aldo| Hlgf i H o2 wol Y= USS
5 4= ook WA 5 B B e Haet
TR st ul A YRl A et S
U, A 5= s olet g 2o drpttelA |
s Bock 2AYUA 7L 47 1 o))

23]

T4 ghste] 71 =2 AlA S EE HQ 4 6 m
T AE EAH 1.5%107 mrm (+5.0x107 p'm”,
-1.0x107 p'm™) 2 71 =9kt 71830 5.9%10° im™
(+8.1x106 gBm”, -4.1x10° gr'm™) & 714 W7 Lreh
sk 337t e )2 A E, 7HS, AL dole
4 imof| A YeRd BhH FB8oll= 5 mO & UER AlE
9 2jo|E & = QJQlth o= HA 3t 2l 2o 2
2] o5 5 9 JFo = R YAIA FE 5
T7b 7R A0 R 353 4= 9l o o] ofoj2E
mdlg] A So| W= FAH] EAo] 1y 2
Zlo2 gohEch

3.2, JHSEE ofojEe| 55, EUA, HNsT 2E

Fig. 5= AL 704 9 U7 Al Jat o] & 3
LS ALt BFo] Y2de] v, EHE, A4
s Uehd 1ol Akel I = A
T AE AR A4S AR Q191A3] e o]
W2 A} HE O] EE AT AR o=
7101 0.3~0.5 um 919 T+ A 5= A
7}0.68 % w9 A Yebgal, Ao Y ek
L s AE o = X9 BE0.3~0.5 m HY) e 0
A dAF 7o A= 7HAgt 9hd 0.82~10 pm H$1 <]
= YA = STk A Btk oA ¥
SAF @A Al A2 ool 2E0] vt st
S0 HAEUAKA 5, 1999). & A+ 717 5
A= F 59 EAYSE=T] 20079 01, 20084 5
(312, 3/3, 5/30, 5/31, 12/9)0]Jct & AL 7|71
FAPE AR E=2 oflo]2E 7o) 0.5 mo ol A
ghe o) vlE) Ee FEE, 0.5 m ool A= B
g 231 108 ol FETF S7HE P B
c}. wheba] AR AYA] AR QL 7 45
P 9 magko] U= 974 52 A%
A AR oW YA TR e A
Y7ol & ooj2E9] FEgto] =4 YEht
= Eck

Zd7F g Y] A, 1 m o] 8k A YR
7ol A= w2 ol vlal =55k 2po]7F vrehA] oF
A T2 o]l vlsf] 1 s =gtol
30~40% A3 & o= AthFig. 5(a)-(c)). =,
Zef JR}2] A AT o 4] ZFa=ol] o5t 579 7 & (wash

/g o
l

Ol

o rr

]

)

AL K
rl HE
ol

rir
Ant o
o

f




it EAA oM S E ool 2E s =24 B4

335

LPC Nurmber Con. (Spring) LPC Surface Con. (Spring) LPC Volurme Con. (Spring)
o4 19 Tet8
iy . 7
1e48 ¢ ¢ ﬁ T . * ,
H E * e H o’ e _ TT1e . ¢
5 ter? . EE 2 E o | —Hr. ﬁﬁ T E e H H H ! H
STHSE S IR L | [ T b LR
S e . 2 te . H 11 I3 L .
% g E E _S’ o ”H” E () . -
> L) T =]
% tess 0 E' a H»f 3 1o ¢
'ﬁ' 1016 ”ﬂ 0|
et .% 7” )
[)
e13 : Te+5 Tet5 :
01 1 10 o1 1 10 01 1 1
Particle Diameter (um) Particle Diameter (um) Particle Diameter (um)
LPC Nurrber Con. (Surrmer) o LPC Surface Con. (Sumer) LPC Volume Con (Surmmes)
1e+9 -
i
Lad . ﬁ - L] - .
11 2 et _ TTT 13T 1T
z 1e7 o ,,ﬁ ) . N: l * e g 1o i e
s . 2 ) ﬁ' 3 il I 7 H .
3 1et6 < g 1o + = Hh i .
o * > M) . E ) - ¢ o ”H
T o <
T 1et5 H ] ) . % 1et6 -1 iR - 1
1 1e46
Terd ED K
]
Ter3 Tet5 ; 1et5 *
01 1 10 o1 1 0 o1 1 10
Particle Diameter (um) Particle Diameter () Particle Diameter (um)
LPC Number Con. (Autumn) LPC Surface Con. (Autumn) LPC Volume Con. (Autunm)
1e+9 149 Te+8
Te+s ﬁ E n
. b e T fTe o _ . .
e EL . E I o, E e T”” Tore
E . Eﬁ °q E H H T . E f AL g T
o 2 = H
3 1et6 EE ot 1 - Eﬁ ° o H H H 1 H,,
: i g el g LI S N 1
3 15 T %AW % ! I L 3 % Tet6 D
o Tet6 U 1e ¢« = N’
Terd E . |
1e3 . 1et5 ; 1e+5 L4
01 1 10 01 1 10 01 1 1
Particle Diameter (um) Particle Diameter (um) Particle Diameter (um)
LPC Nurmber Con. (Winter) LPC Surface Con. (Winter) LPC Volurme Con. (Winter)
1e49 1e49 Te+8
E .
Tes8 E ﬁ L o
. 2
° E e T T., _ o T e
o7 [} ® o ’-’E T HH H,, . T ter = * o LRIT
L[] ~ T “ M 1
R UM E SR el I i ]
gwe vl ﬁ E.. §1w7 1 ﬁ H H;; n: 1 1 1 i
T o 1 —e H o -+
2 3 . < 5 D H
T fes v v ﬁ L] @ 1 E % 1et6 T . 1
L4 . 1e6 an L] ) |
Terd ) 1
[ .
1e+3 ; L Tet5 ¢ Tet5
01 1 1 o1 1 10 01 1 10
Particle Diameter (um) Particle Diameter (um) Particle Diameter (m)

Fig. 4. Seasonally averaged aerosol number, surface and volume concentration size distributions for each season.
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Fig. 8. Scatter plots of the number concentration vs. particle diameter in logarithm for the case of Asian dust, precipitation
day, foggy day and clear days. Solid curve shows the optimum regression curve.

o

AR 2R o] Aol SAlste] &

o] =4 8] 71—/\0}‘— AL o] &k 2= olr,}‘

E

ofl %2

3.4, 71N SREEUCHS

© A= A7)0

S RS SAL Aujn) 95l B
AR SEENE RS o] YA D)) B
3 BOAFEER 1 EA WSS

TE SRR EH S
Aol st} dubd o FpAL =

=
Q—g?—_jin—,— T

Ahe] 210} cial bk e 4|0 2 Upehd 4 gl
AN llog(D)—(D,))I?
dogD) ~ P g @)
llog(D) = (D,,)I?
SR
N,
(A: mlog(ag) )

A @A N 2 oo 250] F 55, A, Ars
S Bare] AEE, Dy, Dot 21A9) 75124
, o= 7|SHEETANE 217} by, 2 A7
P70l 24 A o Aol FHH 4714 714



340 1% -2

HE A (HE ol&ste] EUEdel HHSAH
t}. Table 2+ 2 IAEE AQA N, D,, 0 32
aff A2l Qorgt Aok 1 Al AL AT Eo
A 7F mEoA] N, ZE 1.81x10° m™ 7} 1.22x107
m” 02 HFAA(D)E 0.27 pm, 2.7 mmzE FA =)
3L, FFEHARE 1.6 pm 2} 1.45 m=2 Uepyich g g
o= N, gkl 1.70x10° m™ <} 1.95x10° m™, HH2]7
0.26 me} 1.9 ym, FFHA= 1.52 me} 1.6 m=
UrEb T o= FAPE AN Fah g S ]
P, BE 1A= N, A7, 2281z nF 2
Jol7} gzt vl 2= 20 A= FAPL b gEE Ul
F97F B2 9] A-HTE N, gho] Ao s =7
Uebgon & Z9-o] Ha]Zxto] &k 0.8 mE A
AH o R 75 oulgitt o] A EAYA BE
o] EAS TAKCR RF3 A0RA 2of AR
WEE7L ol EoteS BAKORE & 4= qltk
sk dolli= Ny ghel 1.72x10°m ¢}

1.72x10° m”, P27 0.25 i, 2.2 ym, EEHAI=
1.55 gm, 1.5 ym= YERGLE o] uf 77 dhAish Ja
92 g v ek, Ny 3 7 A 4 - m e
1o 4] )23t gk B AA|TE RE 204 747k Ay
gt o] o] 2k 3rS 7HAlTh EEHAA = 2 Ao
7F YEpR] ekokar, Hit A2 e 204 Zp7h
g o] 7497t o ZA Yl

QHNZE AR Fo] 49 N, g Z42) 3.96x10°
m>2}4.10x10° m” 2 BE 13} 20]| 4] g o] Ao

flo

+

N, N |=~I N
ol N
=

(=N

2]

=

1o

HT}2uf o]Ake] 2 kS Rolrh ERWA= 1.6 m
1.5 = T2 -9} v]5=3te] ghojA] & ZpolE B
O|A] QAL H A H-2 0.25 pm, 2.0 pmE T2 o

99k uloset A4S 744 A0 etk 2, 37}
X 7V S0} Bhe o] 7 90) v m AT

ALY Q] 79 HE 20fA N, glat HaF 27 o] vfj-¢-
A= UEH AL, o] 79 2R Fell
A AR o R o A2 3hS HART A A o= H
=} ollen Yol B9 Nogho] 2u) o)
3 e Sl
B olge] AnkE Parka} Kim, 73} 22| o1 2
e} v skRITh Park 7} Kim(2006) 2] =0l A= A
distiel ] Bt ool2 % 3k 7|2 Heksw
J11eto] galel nghA} 7|7k 2 FRsle] 1 5
71453kl ) BhAt uHelR|el FolEl A<l
P23t ofol2E ghke vwstgic. ALdjshn
BEA LA B WA ol A9 27 Ha
0.89 ym, 9.12 pm, FZFHA= 2.4 pm 2.14 ym=
UERGE AL, H|ZARA o= Hat &7 0] 0.66 pm, 8.51 m,
FEHAR 178 i, 2.14 ym= UEbgTth F9™ A<
ol M= HF2740] 0.89 ym, 7.59 ym, EFEHA=2.14
um 1.86 yum= X 315} t} (Table. 3). A3PA oA =
AFer s v sty o 2 =FoAe 558 At
Botlon g 21421 vl of - A = Ak
oF HgIALS] AL Fert Tl Hat A7 o] Axt=

]S Aol Yelde o 5= Stk

ox Mt o
o

A

o i

o]

Table 2. Log-normal fit parameters to the aerosol number concentration distributions

The total aerosol

Parameter

Geometric standard
deviations (Og,/m)

Geometric mean
diameters (Dg,,¢m)

number concentration

(Nym?)
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Precipitation
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mode 1 3.96 x 10° 0.25 1.6

Fog
mode 2 4.10 x 10° 2.0 1.5
mode 1 1.70 x 10 0.26 1.52
Clear day
mode 2 1.95 % 10° 1.9 1.6
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Table 3. Log-normal fit parameters to the aerosol mass
concentration distributions (Park and Kim, 2006)
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