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Abstract

The purpose of this study is to determine concentrations and compositions of PM, 5 and their characteristic
variations at leodo Ocean Research Station in the East China Sea and to examine the influence of air pollutants
transported from Asia continents. O; and meteorological parameters were measured since June 2003 and PM,, 5
filter samples were collected from June 2004 to June 2008. In total, 244 samples were analyzed for water soluble
ions and carbonaceous compounds. The mean mass concentration of PM, 5 and O, were 21.8+ 14.9 ug/m® and 51.6
+16.1 ppb, respectively. The average concentrations (mass fractions) of sulfate and ammonium were 6.26 pg/m®
(28.74%) and 1.59 ug/m?® (7.31%), respectively. Nitrate was considered to be lost through evaporation due to long
stay at the station. The mean concentrations of EC and OC were 1.01 ug/m® and 2.34 ug/me, respectively, from
June 2006 to June 2008. The average OC/EC ratio was 2.31. The organic matter converted from OC by multiplying
2.1 and elemental carbon constituted 22.60% and 4.66% of PM,, 5 mass, respectively.

Key words: PM, 5, Nitrate, Sulfate, OC, EC, leodo Ocean Research Station

8k-& =t} (Clarke et al., 2007; Quinn et al., 2005;

1. M = Charlson et al., 2001). £3] 27o] =& w4}

(PMo9E ¥l$- Therat 2gifloexe] 7)Qam
|

o Habel AR B4 393 TE A4 S 7] FelAl AARE Alte] mely] dwel RS
e 7] ol A YAES] St 2A 29 o5 4 AUk wlebA, A o] A A
Aol M= PM,go] df i) A7 2] FEe] 3%
t}(e.g. Niemi et al., 2005). =3 PM, 5= 2 go=
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Fahat w3l olste] 24908 Yysel 715 W
SRRk obde} ARl 2 5 57] RS dodle
F2 7] egEH ]t} (eg. Heet al., 2004; Holler et
al., 2002).

A dzke] FAAR RS F2 FEA Tl
(SO#, N0y, CI7, NH,*, Nat, K+, Mg?+, Ca?+ ), &F
SAE, FF4 2 S AY For U 4 g
(eg. Leeet al., 2007). w4 ) Abol| A APE-2-& 34|
3l= Bt AR (TC)S 34 #7]&k4 (Organic Car-
bon, OC)¢} ¢ 4-ets~ (Elementa Carbon, EC)=. %
ot Aaukse F2 B9 d4E Qste] A H
™, A 47 (biomass burning)s} A g A4t
F Edelnz d7|z AH wEEHe LHELS
stetstre] 22 A A)Abeleh(eg. He et al., 2004).
ey WEdeziy drjz AY wEH=
s, 1919 = AE 719 IEA fU1ERHE
(Volatile Organic Compounds, VOCs)o] vjZ&% % o
7] FelA stshibgo g Qlstel 2o Y4 4
ele} (Park et al., 2002, 2001; Kim et al., 2000, 1999,
1998). 484 F7]o| A & SO,%, NH, 7, NO; &

E=AY FA Gl vz A998 o@de] o3k
&, Cl} Nare sleke] dahe, MgP*olu} Ca*e 3}

k)

al, 2007). wiehA] o] gt Ay EAL] A R4
S B3be] 2B wiEd A 3719 oF
AL Fete & glom dirjedEAe] Are o
Ao} ofgs AAFE 4 oot (Kimetal., 1999).
ofAlo} Bl H-2 AAAQl wA], A Z3H3E A
47} (biomass burning) 2] 32 Ak4d &Hgel] whE <19
el 2oz Qlsle] d7] &AL 4] wiE
Aoz zkEE T 9l (Simoneit et al., 2004). A5
A7} 5] Ko 19807 HE] SO,9F NO&2| &
o] Zastar ARl FFell M SO0 o wiEage]
Aagele BFeta I AA F A3 st
J3Fo] Al7k3t Al o]t} (Streets et al., 2003).
SEolAlokA Aol 9128 S-etete] A F=o
AARA o=z Qg wiEsF FTkel UM ARF] F
s} whakol] 91217 A EAo= st} FHo
2RE o]FHE drjedE e A - Al 3
< B2 e (Kim et al, 1999). whebr] 9-2|ufete]]
dAE FUE 2gE- g Al A o)
Et Bo g A7t e ololx= gt

A

4 d
2
of

N

2

ko)) 7] 373 813 %] A 29U A 6 5

E7]AE 2003 el gh3-E dj3wRls Hzxe] P
o $1A3 HZ57|A=2A 714 ek B A7)

al., 2010). 53 FAHel 29%le] 93, I} 7

5 Abolel] $17]5ted FHobAlolA| Aol A 24
o Az ol= A¥l= A9 Adelnt (Hwang et
al., 2008a; Shin et al., 2007). 2 AFoAE= olol=

slopehst) Aol A AT PMys AR g #Aske] 5
44 7)ol wa 2o 9, A 2x 5
g olsistn A egEAste] Ay e
T AT A PMyse] R, AR o)F, 7Y &
A olsstaat stedet.

2. A 9Y

olo] = 3 oF3}s}l7]#] (32.07°E, 125.10°N)= 9]
vzt e vielmelA FAFoz 149km, A
= Autefl A Aoz 276km, S FERR A
%02 247km "ozl Fa| el A5k oleH (L
#H D).

PM,s Ale s 9] 26m A4 ellA] A3 =
W Abe] 28 whAe] & AF A (RAAS 2.5-300,
Andersen Instruments, Inc., Smyrna, GA)S AH8-31%3
t}. o] A= AE shEA 7} SAsHA 3hA o
2 N Ee] & Ate]lF T 8 AlaE ANFH & 4
Uk Al o] A edE 98 3U3 AEs A
st 147 AAZE Fell A Al2s AF s of
ojx s IAE FEEel A A=A
543} 714 el w4505} ARg pon
= 140 53] gxe] Wl bsskdn o9 As
& A3k 71718 RS deka A1A e
sk AAEE AR A4E ARshs 247t 9
gt o] BA Az 20049 6YRE, v BA
A8 2006 693E] 2008 6497hA] A = %o
o] 2 EA-2 47mm Zefluor ¥ (Pal Corp.) S AHg-
s}l w4 A4S 47mm Aled | (Pall Corp) &
Agstedel S 16 7LPM oz AR s §A)3)
ek BE= #7 FA W5 BRgT)el Hot &t
it HEE dE= A AF dalAleleelA
o] Hes AxA7 ¥ &3 0.01mge] A&
(Denver instrument) 2 74| S &A1 st9i o}
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Fig. 1. The left map shows the location of leodo Ocean Research Station with distances from Korea (Marado), China
(Tungtao), and Japan (Dorishima). The right panel is the side-top view of leodo Ocean Research Station.

484 ol &A% (S0, NO;, CI, NH, ¥, Nat, K*,
Mg?t, Ca?t)e o] =z zul= 3] (Waters, 626
system)Z A3t} 30 mL Zefay] ¥l Alar}
A FEE 93 254 19mLe} Heke 1mLs
FU% F 229H4)7) (sonicator) = o 307} i
WA A oS ST AR
2558 73] o)A} WHEsle} BAR ol 7 AR =
FR4e) 30 e A4Skt ol LB AR
A (ppm)= Cl~ 0.02, NO; 0.05, SO,2 0.09, Na+ 0.01,
NH,* 0.06, K+ 0.01, Mg?* 0.00, Ca?* 0.01%3 ).

A8 F eAA 2L DRI (Desert Research Ingtitute)
o] TOR/IMPROVE_A (Thermal Optical Reflectance
/Interagency Monitoring of Protected Visual Environ-
ments, Chow et al., 1993) HhH & Al&-3lo] B 319
o} ehaAd o] A& (ug/em?)= OC7} 0.39, EC
+ 0.39, TC(OC+EC)7} 0.42¢]t}.

032 UV 35S 0]4-3}e] (49C, Thermo Environ-
ment Inc.) sl o2 RE] 29 m EoloA] A =g
o} PFA Bl Z83 (27 6mm)S AHg-3sle] | le =
ofzfiell A F71E AF kA=t AE3A= 1.0ppbe]
o 7125 EE duid 7)7]1 84S AAET O;
Az 102 A A8 dF=2 JA-T 104 =
e ko] +£20 oW 9] hET FE3

PM,set BlzE ¢J3] 22 7|7k F9 MOPITT

(Measurements Of Pollution In The Troposphere, http://
www.acd.ucar.edu/mopitt) $JAex] =A%l 850 hPa
CO 72 = 7|A& FAlo =2 10kmx 10km =] & qj)
o e FEsted Fasted ALgstsct

F, B4, 74, QA o, e, 7R
o) A RE YRR delA 108 )=
Z45o] Aoz Agsgion U Fal Ykl

A= Al F= s

3. dw % 1&g

3.1 PM,; 559 0; S BE

PM,s Al 8% 2004158 20087}A] % 24477}
AH = ok GellA dFE AAZ 7)1 wlEo] A)g
Ho)7] WEol| ¥z Ao Ggrt 7t gao
(& 1). 694l 57712 7P wo] AF = o] AA A=
°] of 23%% x| gt} 792 Awiel e Fe] ko
2 A7 W 71 Aok vha 24 200685
B A7) well ool nls] AR A&e]
Np7h A

PMys Aeks =2 Yz FH38le] 923 MOPITT
914364 =A% 850hPaCO =9} 37 ehiigl
(2 2). PMys Ak s 3 21.8+14.9ug/m’
2, B4 (3,49) 1 o5 (7,8 99 & Ak
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Table 1. The total number of PM,; samples taken each

month.

Month lon Carbon Tota
1 13 2 15

2 6 6 12

3 13 2 15

4 7 5 12

5 4 12 17

6 31 26 57

7 7 4 11

8 8 6 14

9 10 7 17
10 15 12 29
11 12 11 23
12 14 11 25
Tota 140 104 244

1

S ®Woloh 3Yd) 35.3ugmPez 71 =9k, 9
11.2pgmPe 2 7bg okt 396l 0ug/m’s ¥
= A= 24 ek
O; 5% 3t 34,590 %31 7,8,9U0l| o} PMys
Agexe] @ Exol FARE 43S Heoh CO
ol 296 IF 226.0pphoz 71 Eglow =
Aol 7HEA BT v B3I o FH 7P st
o PM;s9t O3 25 F= 915 714 d7] e
olgol 7H &l BA F=rt 7
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T4, 9 (5), *1‘#(6), *1?(7), #1
(8)2] 89= %—Er%}aiu‘r. 7~8ell= FHeiek 7]
o] ofgkoz FF Ad F5I FAMvF 743 8
Aol AA FA % 77t 58%¢9) 42%%5 )] 3k T).
ola) PMys A5 (ug/m’)= 17.7, 14.6, O (ppb)
374,342, CO(ppb):= 1253, 12392 =% w2 ¥
=5 Bovh AR o5 AellA =2 PMyso F
L B3 QRS 3719 7196l v weks &Y
o] YFFoz qF5Hd & P FEE iﬁiﬁ} 10
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Fig. 2. Monthly variations of (a) PM, s mass, (b) O; concen-
trations observed at leodo Ocean Research Station,
and (c) CO concentrations from MOPITT satellite.
Boxes and bars represent inner quartiles and 5"
and 95" percentiles, respectively. Lines inside boxes
and open circles denote means and outliers, re-
spectively.

T BA7} AA| ke Bl go] 59%= $-As A CO}
A PM,:9 0,9 =7} 7+ 165.9 ppb, 176ug/
m®, 61.9ppbz 8ol H]s] Z=7}slich 3YRE =

Fol Frasta FAF AdQ FA, Aol 24 11%
ol A 39 15%, 4% 21%= $-A)A|HA] PM,s9} O;
9] xS Zr}ste] PMys: 39 35.3ug/m?,
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Fig. 3. Monthly frequencies of wind directions divided into 8 sectors (1 on the top and 8 on the bottom) for the entire

measurement period.

O3 490l 65.8ppbe] ] 115k H

3.2 PMy;9| stetx=Mat Zx 4

AA 24 717k 5t o] AR FFEE (ugm’)
(Aol Wat Bt T v), %)= SO 7} 6.26+4.6
(28.7), NH,*= 1.59+1.1(7.3), NO; = 0.66+2.5(3.0),
K*: 0.25 £0.3(1.1), Nat:= 0.24+0.2(1.1), CI'=
0.16+0.3(0.7), Ca&#*:= 0.14+0.20(0.6), Mg?*- 0.08
+0.1(0.4) )¢t} kA B = OCx 2.34+12ug/m®
(OM; 22.6 %) ©] 31, EC7} 1.0140.7 ug/m? (4.7%) ©] %}
}. OM (Organic Matter):= Turpin and Lim (2001)<]
Ao Azl FAA &S] g sFA el
z=2 OCel whgt Azshal ol 218 F3led A3}
At

AF 24 SO/ 7 7P wskem o] OM,
NH,", EC7F 4= NOy & F=7} w9 3eked)
Ag AF F FAZA ZAE 29 A= Azt &
sHdemg 2T} 22 oFHd 53] Fdel 9
g £Alo] Z17] wieo] st} (Hwang et al., 20083). 3
o AAZY= T3l SOFF nssSO,2 9 9
T 9lE2 of 99%=2 Egkowm Na* d Cl o] A
7} 27t 1.1%, 0.7%= Cl- =3k SO,2 ¢ ojgko=z
FALEAE 7P S AR o]l = a8 fEhr)A|
NME AT 22 A7 1A ARG
SO, NH,*, OC 53} zr-& <l9]1#el 719] 23} A

2 ZANE Byd AEEY @8 EEE AT
B (23 4), 2AR7F 7P 23 SO, 7 PMys
Aol 7P fARRE B2E 1gv 36 12.32
pgm*= 7b4 =3 2,996 Z7h 4.00 ug/m?, 3.72
ng/mie 2 7pak wkekeh NH,* =3t 394l 2.04pug/m?
o2 1A =9ty mEAXE +1.86ugmPez 7}
7 Zek NH -2 PMys AiFs s} g8 o] A 23t
= 99 6~8Y o FA-d Tl dYFEY B3k
33 3ol Bolx o] AZ|dle HFH AFo| 7
SAEl sk A F= FFE RG] g9k
< e A2 gl olgk FAMA AlFE 2
A= o353 NH 9 Z7P71 =900 (Les,
2012). w3t 643} 1192 w2hEe] 31 & $A S
278 A dAr) v A7) 2 d=A Qloh A
A A7+ (biomass-burning) £349¢] A -z o
2 Kre= 193 1196 27t 0.55ug/m*e} 0.47ug
M=AbA Egom o g v AL ¥ ¥
%2 84} OCe EC 5 & %% 8 9o v 10
BE] oA Zrbsted 196 zhzt 3.11ug/mPsl 1.96
pgm*ez i =& B} OCe ECe F%v}
CO =9} 37 wotomz AeAd 13444l w9
o3 gko] A o]l &S & 4= et o] AFEelA
B27 PMys shad] olloj229) Aobe w) ¢ §4b
&} (Han et al., 2013). OC s 2= 6Yo)] 2.69ug/m?
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Fig. 4. Monthly variations of major composition of PM,5

(ug/md). Open circles and bar represent mean and
inner quartile, respectively.

o= %9}—0—11] 5; 6'0“12_]‘)1] j\ii]-7]- UH_?_ % 1;‘11_1:5 EC
E= 740 1.46ug/m30 2 =9r7 Hxl® F o
3] Qekol o) ECS] gen)z) 8.3%= 71 &9k

At off

= 71874854 212949 A 6=

9e] g OCe] o2l Al o
& ojape] 2 Ao meln oo YN The A
o

9t 39 FF5 =7} 358ugim’= 71 =9kw 3,49
= Algjshd mF gt olst wigkeh ClT 9A] 3Y
JEssrt 0.32ugm'= 7P =9k, 7, 99l
Na*zt @7 s=7} 3t 53] 9ol Na'e} ClI°
12k Uglor) shekn|rl 8.9%9) 1.7%= 713
Eol o] A7lel Aoz g FigFe] S
oF 4= Qlot Ak 4] Clm o] EAle] os] F AE
7t AFRA 4= (o3} 1)E 052 ¥A] gk} Car3}
Mg?+e] gl = 790l 2 7S epligleh

2

o
NN

3.3 PM,; 7|8 §4

3.3.1 ROIEM
PM,se] 7] sjotalr] 93] SPSSE o

3}tz s 22X (Factor Anaysis) S

el ASA7) 9l Alste B AlLs & £ 74
N Algrt z3Eglon A E U)ol & 8%
7} OCe} EC, 18] O; A FS tjAto = slo] &
4749 2qle] FZHT (& 2). AA UAAE NO;
o} M@, 283 CaP*& £3he}. 3ibe] o3 &4
2 32 27t =3 A7l AN AL FA
NO;” sx7} 9kt oW MgPte} Carse] At
Aol Eohomm Iz} 1 Eofe] oJgkow oiw
9. B 71 AR ol AN HNOy7kA9)
uhg-sled NO;™ o] 28 E 53l o= Ud8A glvt
(Sullivan et al., 2007; Laskin et al., 2005). 3t |5
Mo #AEF A NO;y &= 2x7) vrom F7]H7t
W] o] 5dhes S FEIF Bk oy RS
Tk 3l slell WE=E Alzke] Zol SO, 9
Aol o3k NOy o] =Alo] A7) wiitel Aoz B
25 g)h(Lim, 2009). S4) Q)A} 3, SO,2 ¢} NH,* 3}
A Oz9] 7d=rt B A2 23 A ot o
oz 7bFE 4 ik SRR AA| A4e] A ARkl
Kte] OCY ECe} Q3= 7]me} SO ¢ o AF#A
o] &9k A st 7ML Soll AAAR o] f-o
ALAel| 71k gista(Luetal, 2011) = o] E o]
2 FET] FshA BAe 7]Qdd Zlez Ml
AR A= OCe} ECe| 7]ei=rE &9kt OCe

4}

o

3|
P
53y




7|4=7}F ECell mlste] 7] wiite] dazpA el
AAEE ARl wiEel ©J3 7] = ek v)
Aetez 4 <Al A= Natel Cl7ef 7] =7t &
of l¥Alele] BRE wredd oz Y. o)
B PMs0) Slete] S4S ool aokatelr] A7)
553 A4l AT 2P AFelA 7]
3= 919l 29 EA Y] oJdke] AujA UL 2]A

N

_—uaa (<21
e}
PMpsel 2 =A<l SO ¢k NH, o AaAde
Xﬁﬂ%iiih oot Az gaA vepdd.
"9 exrb wUW 34 442 AT 4
74 0429)r 0432 ¥lwH & b, 64, 1045} 11

Yo 77t 0.84, 091, 0.85% =9k} SO, ¢F NH,*
2 Kk A o] Eoked Aol ARAS7) 0.8
1oz gohom ool vt 53] 1144
SO/ %= NH v K 22 ool - ohjz} ECe}
o] AAA L7} 0.9 o)F oz vl Foker OCe O,

[oF

Table 2. Results of Factor Analysis.

) Factor loadings
Species 1 2 3 4

cl- 0.340 —0.267 0.153 0.737
NO;” 0.894 —-0.017 —-0.041 0.072
Sofy 0.083 0.868 0.227 0.076
Na* —-0.020 0.134 —-0.195 0.896
NH,* 0.146 0.860 0295  —0.034
K+ —-0.252 0.763 0.314 0.083
Mg?* 0.948 0.102 0.107 0.133
ca?* 0.913 —-0.047 0.208 0.049
ocC 0.443 0.302 0583  -0.077
EC 0.065 0.227 0.891  -0.038
Ozone 0.048 0.757 -0276  —0.356
% Variance 32.26 26.81 12.37 9.68

1714 PMyso] ol 23} g 707

e

At

)

10

¢ wgdh (= 3). OCe} EC Alel<)
o ocg} NH,*, ECe} SO 9] AbabAd o]
29 QAR 23k A BAe] B4 &
Mg Ao F7he) HEe] AR
Fol I 23¢9 Aoz FHdA

rE il
oX,
o

oﬁ,

S5 PMys0] 2 33 AREd
i"év‘;—’g%ﬁl 3 (2% ) v HES
% 34 (Conditional Probability Function,
CF’H—E— °l%6}°4 ARG (2F 5). 221 FE
e myny= Aol o714 ny= 54 el
1 & F3ke] LA SlIelm, my: nyd JollA] 2
EAo A3 A7 (HEYS) oY o) wlgte)
A Bl AulsPu}(HwangetaJ 2008b; Kimet al.,
2004). wjetr =718 FE3te] 1o 7heeE
uhe HEfel A AL o)< uigtel
o] WAFE HolFErh FaF 8elR FEdhalen
(23 3), 2 WE oA F2ol me) o e 83}
“D} a3 AR 7Jr dEA e 50 W9
datsict et ez E‘r‘)i_'iﬂ# a3
%% ool EASFAS. &
Z o kel ]38kl 19
2] 50 W9l pel Tt T

89l %

N

-

=13

oz
QAL 1w

—u= '4

l° 3]'93‘:}

B (D} 2% (8)¢] 44 21%2} 19%=
AA o Feke] 40%5 xFA|ETh PM,go] HF
F w= S (7)elA 3447ugm’z 1
ek gt G4 MEaskel A Eteh oW SO,
K+, OC, EC ] A&} (7)ol A 22t 9.65ug/m?,
0.47 ug/m?, 3.82 ug/m3 179ugm’=z 37 =7} 7}
2 Eoket M B (7)2 AA F3FA 2R Fh= )

2

=
3T

Table 3. Pearson correlation coefficient among chemical components of PM,; in November.

NO; SO2 Na* NH,* K+ Mg?* Ca* oc EC 0,
cl- 0.673 -0.391 0359  -0.568 —-0409  -0410 0632 —-0510 -0349 -0.270
NO;~ -0.721 0.002 -0.812 -0704  —0.482 0422 -0700 -0.738 -0.533
SO% -0.193 0.951 0.981 0091  -0.003 0.816 0.927 0.746
Nat —-0.196 -0.275 0441  -0163 -009% —0.134 —0556
NH,* 0.901 0250 -0.280 0.876 0.891 0.648
K+ 0.058 0.104 0.741 0.912 0.794
Mg?* —0.474 0.015 0.147 -0.353
Ca* —-0.403 0.058 0.302
oc 0.791 0.585
EC 0.776
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CPF I CPF N CPF
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