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In an effort to interpret the characteristics of fine particle concentrations in Busan, time variations of hourly
monitored concentrations PMyp (Particulate Matter with aerodynamic Diameter <10 pm) in Busan are analyzed
for the period from 2000 to 2005. The characteristics of aerosol second generation formation process is also in-
terpreted qualitatively, by using the statistical analysis of the meteorological variables including temperature,
wind speed, and relative humidity.

The result shows some significant annual, seasonal, weekly and diurnal variations of PM;; concentrations. In
particular, seasonal(i.e., spring) variations are governed by frequency of yellow sand events even for the non-yel-
low sand cases where vellow-sand days are eliminated in our analysis. However, in seasonal variation, summer
season predominate lower PM; concentrations due to the frequent precipitation, and weekly and diurnal varia-
tions are both found to be reflecting the emission rate from traffic amount.

Correlation coefficients between PMi; concentration and meterological variables for non-yellow sand days
show overall negative correlation with visibility, wind speed, cloud amounts, and relative humidity. However for
non-precipitation days, during non-yellow sand period positive correlation are found clearly with relative humid-
ity, suggesting the importance of secondary aerosol formation in Busan that can be achieved by both homoge-
neous aerosol formation and heterogeneous transformations resulting from hygroscopic aerosol characteristics.

Key Words : PMyo, 80O Secondary aerosol formation, Relative humidity

14 & o) ) Aol A - ARAeE Aese of

QA 94 AL WA, AxT ) EL T a9 4L Atk ® dere LEEZY v
e mAst Aoz TAHW, e A AR A (PMuo: Particulate Matter with aerodynamic
7 Zol Bfdtm BAS A AWow A™Hcy,  Diameter =10 mE TAT A4 kg, A7)
QA B4 = o]z g9k BAls 4 re TE7] 28 G2, A2 AFA AE oA F R
AP AG TE W4 B agsel P A AHL 9FL EAIA A

g, Mo o
(=R T

7

A2 FEAL NEF S AT &
Corresponding Author : Cheol-Hee Kim, Division of Earth &) zpgke] =7} oz d7] 2 W7 22t AL
Environmental System, Busan 609-735%, Korea =LAl o] o . e Yoo 1l
Phone: +82-51-510-3687 e7bea flod, ol Uf_}] e Tk ol
E-mail: chkim2@pusan.ackr ol 7|2 EA A o] Fa Hgke] o] =

1157



4492

o et 77t ¢ ks 53] PMee 249
AN ZAg e 12 8952 (primary air pollu-
tant)o] ¥, EAl0l 7} BHo] f) 7] FollA Zo
3}t WS-8 Fake] 7 Qe A, WEE 2
7 453 (secondary air pollutantio] 7]= &l
I 548 dste d olelgo] @

=] AA sl el g AARAT] el
A g vl BEW PMLe IS 7] F9
w2 27l A5 fH Frel Hu 8671E Fo
Ex ged =28 @ 102714 24, oo}
= 47 oY Basho A1 AzE elde du
gow HEdsg arlde 2o Ad7des A7
H EA & PML T 727 204 v
A0l Erokn dqnk” m=e A PMy =7t
10 uwg/m® # 2712 wnit} 9 AHunnatural
death) S A& 2 APEEo] 03%% =rlatlin
Hed 52 A7 A 23751 o8 A4 A3
9 otz FANTFEPAA NAAQS(National
Ambient Air Quality Standards) ]
(TSP, Total Suspended Particle}& TA3k7] 1%
AEe AAFEa, 1937d TSP PMpoE 2
7178 MABRQTY, oldl w2499 ¥ PMy, H)
a3, A B A9 FFo PMpe] LgA= og
AES AA A A&H oz FFstw oY,

T o] A HZARA E} ZHAbA e PN FE b
aA435 T7ske] 7lgA g, A% 5 e AR
o] BA= Qor Aoz g4 oopTP =7
10 mRch 28 47 45 Flg Aoz 4
d metk Syl = 1995d 18 o180 &
L TSPelM PMpe= WAsAL F=ddye
PMyy 557} Z7ae] wal 20039 2 =3 o7
A EUWS s PMy 5E A s AR
o) welo] WY o glm o, =Y E 2
1998 PM, @3 9 S A 7o s,
ubr Rato] 9= PMydl g Ha shefoy B
AR A7t ol nEFF dFclmz FAatA o9
w7 Fgre] 224 9 FeA B4 9 ) of4

= [y =]
FREd

Y ed22e 29 2E d7|edEdY
24 =5 243 Yoz 29 Jdg4 43
22 & 230l oF Yol 9lE e
12Ad WY suE 1 =g duds
dHie d7TE S 7 otk BE g7 2982 s
oS ek obuel 71 st H 2AdE Y 4%
£ 7] W o A} veEst drled v
Ze] A A7 A oSl s o
g}, dAE 2o §ol7t HER 27e @) w2
AztAge 47 2 AdE dnde 94 §F F

IO

=i

Jle) SSE ATEL 2L A s A3 glo]
old gt A7 s1gled™, W e dwst s
o] A=Y ex Fwd A% (topography)THe]
olge? 2 ooz ed=Ante] A g 9+
=519 o Ax 2] gl g7 29 BEES
ot 713 ats L A5 7L d7)eF
go T olgg A 4
294 BE4L AAske o o

i~
9
ki

>
o

7l §

FARME A ol gE At Yy S4H PMo
T =27 713 AR 718, 5, 71 AAE, 7
A Este] #AE ostA AHEgT O
ol7} BAkz|dde] PMyy ¥ %2 33tet whex} o
He 27} do]2E: gHon sHyes EAL A
Ak olH e A= FAatrge w7 g4 54
L ol&dl ol glof vt ohz) FskA A
T A 71 BEAL oEE e vl AT

i ok e o

C

=

o1& Fig. 1ol AA1E vpsh 2ol
noatsieln] dejzh AR 9TA s wIeT) By
o A 2o g A A
A =835 Vedgens degsqgt N 2 g
To o] &H Az AR} Ldde AEedE
T 2% A F A g9 Ad 137

Yeonsan

eokcheon

Thd-y (km)
=)
=]

Jaesong

® - apugim?

185 180 195 200 208 210 215 220 225
Thi-x (k)
Fig. 1. Locations of the air pollution monitoring sta—
tions in Busan and annual mean PMo concen-
trations in each station.

1158



e R B R
244 AR o|tHFig. 1), I 71 A o] A3
2] fatel B 712 3
Yool Bsl o A3
vlgh e g AF, Adss
o] Be WA AWk A8t
B4 71718 Hakzle PMy w27 2
2457 Aakg 2000d 192E F2 20064
7h7] o] o] At S FH PMy As5= 58I
7

I

b

gl

s

.

=

R

v

o

4, ol
Fl ol ok
£2 ofy 1 e

4o

=
ioﬁé-‘ﬁ—'m&w

37 glol TWlE AT B4bA)ele)
"‘?“‘E" 200015'. O]I_lr‘ TSPO“)ﬂ PMIO O-J—i =
o] WA o} 23R WA )7l B

ZH1 2000 o] & o]] ol Rl T 24 BRI
2000 11gel WA IEE01d 1€ |
AAlRe FEEFo] PMpe=w WA o F 7w

= g3k,

2.2, =2

2000l A 20059 7kA] wl Al PMy B2 AMR
A A olEdd o AL ulAEr] f5ho
Al BaE HTable 1)2 A&t Table 1
o oFd 3} ddsE 20009 92, 20019 21
Q2002 129, 2opdd 59 2005 201 o]z 2003
Wolls shAl)l 3557 S9n, ¢ 247 wA
& Ag A 4zl g Aed o A w2
2 AARE Ao FAFER ®A @) EHL
AEHEE B Ao diiddA ASA AT

ol= A Fal2 L AolEH do Prﬂ'?«l‘%‘ PMy &
To] AWz F3 H3 Y TPz g A
& B gkn B8] A3 ujEd 5"3"‘“ ‘IPE PMig
FTE AL AFE SFel 54 A5E ag9
= B £ 4547 AL L A7 2
o] PMu F=5 71, 35, 71¢h, A4, 75, 4
w20 7)gstd A #AIE dolE7] §]6he

=3

Table 1. Yellow sand days in Busan for the period
from 2000 to 2005

Year Number Yellow sand days(month, day)
of Days

319/323-24/327/329/47 48/
412~4.13

12~1.3/33/36~37/320~32%/

2000 9

0L 2l 11420~ 425/516~R19/1213
317~1%/3.21~3. 23/48~4.11/417/

22 e

2008

2004 214/311/330~3.31/423

2006 420117

3.1 54 Ao PMy =4 %E B3k
Fig. 12 F4tel A PMwd] #=7F S4=HE 137
SAA A AFPE 200()'501]/‘1 200513 7} 7]

A4 PMy $=9 Horghs =4 sk}, dA4 9
FEE AETA6 m/mol THE EA e
2 oo g AFB(047 pym’), TAEGIT
py/m & 02 VR on A6 4l pe/m e 7
LA Ve,

Fig. 2adl Z+ SQ2dA SAY #2525 25 4

T o2, dudlz 3 W3 AFL Jehy gt s
AP D (Table 118 £33 9= A A AE4
t} 7 Ay A dddrta) 25 T3 6171
AA BT FEE F 60 pg/m 30% UehtT d=
2 A Hez v e Jehiu 2o0de =
682 pe/mr=A A 01 =7 vehdod, 3L 249
7} ARG 2003de) Ae-oles 542 pg/m' A B
470 F b R dEsth 4 w2
3¢ A & MEH FA7EAA 0 pg
u] %34 (EPA)
Fr E e E= 5 .
L2 S R B R 1 o B B B
T2 583 pg/m’ A SFAL A S ¥
Lo Wlaf ok 36% AL ¥A Jehtoen
78% 518 py/m 0.2 A dAd L ¥

HE] ¢k 105% © ol 713 2 zkol=

a8y ddd AL sl 2dL A9
Ely ﬁ O B | e - o i R
»%Ml et} o] AL HE galwe BHud d8
A st A gk AF AL vigel o8 FA- 5
H #A7 A9 w2 7k Alogk Aoz B
k.

Fig. 2he SHA} gL A 9dte] BAlzo 2+
drzyzo PMy $5ge 4 Hwsied 4d W
3} EFE2E vkl Aol

HZ Al 24 dL Aot dFelAq 399
07 p/m'z 713 =A JEm Flolo] 4¢el
719 pym'E =A Jdehgrh olule A mol
G s Ar2 3aY ATE e whg A
Z=A4e uige o3 FA eEH WA AT
& e Aoz algErh 2ol w 394 249 pg/m’
o bt =L kel EEHEAE 7B oe 3
Ah A9Y o002 A AREE 2003

lﬂﬁh_‘&_‘.&

A
[<]

A

T

1159



Aok g ook 4 A 3
80 110
m \Vithout Yellow Sand T
e With Yellow Sand w100
5_ 70 63 _E
[=] [=]
3 62 90
v e0d s = 59 B0 53 59 %
& 55 54 54 5 80
£ 50 5 70/
c c
E 8 60 4
5 401 5 f—/ .
[&] Q 50
= 30 =
o o 40+
20 ., -, V¥
2000 2001 2002 2003 2004 2005 Jan Feb Mar Apr May Jun Jul Aug Sep Oct NovDec
YEAR Month
{a) (b)
21 2500 80
—s— Insolation — MGCN
18 1 [ Precipitaion t"JE 75 TUE
— + 2000 =
< 15 | - T 2w
£ E 2
2 1| L1500 S &
— o
= = <
= B =
B 9 t1000 2§ 0
=] =] c :
] @ =]
£ 6 o [SR)
+ 500 =
3 H = 50
ﬂ o
0 rl H T - m m 0 45 L . L . . L L L L L L L
Jan Feb Mar Apr May Jun Jul Aug Sep Oct NovDec 1 3 68 7 9 1M 13 15 17 19 21 23
Month Hours
{c) (d)

SO, Concentrations(ppb)

2 4 6 8

12 14 16 18 20 22 24

Hours

{e)

10
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Table 2. Summary of statistics on meterological variables and PMiyg concentrations for non-vellow sand period
{Values in parentheses are for non-precipitation davs during non vellow-sand period)

PM,, Temp Wind Speed  Surface pressure  Visibility Cloud RH

(gl m) () (m/s) (hPa) (km) o (%)

AVG 583 147 34 1007.2 17 4 635
{m) {61.3) {137 (33 {1002.9) (19} (2 {A5.3)
81 13 69 6.5 3.4 193
STD (8.4} (1.2) (6.7 (6.3} {2.6) {17.3)
COR ~ 0.02 -0.2 0.02 -05 -0.2 -0.1
0.12) (-0.1) {0.14) {-0.7) {-0.08) {(0.09)

SLP ~ 0.007 -0.01 0.006 -0.13 -0.03 -0.1
(3 {0.04) (-0.006} (-0.04) {-0.2) {-0.005} {0.07)
INT - 143 472 10063 247 58 69.7
{a) {10.8) (37) {1011.5) (30.3) (2.3} {51.3}

Note 3 AVG @ Arithmetic average ; STD @ Standard deviation ; COR : Correlation Coetficient with PMwo 5 SLP
and INT : Betalthe slope) and alphalY-intercept) of the squares line of v=0+Bx with the depended variable (v}

of PMiy concentrations
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