A 71873HIA A 184 A4=
J. KOSAE Vol. 18, No. 4(2002) pp.305~316
Journal of Korean Society for Atmospheric Environment

Hola HMEe| thy| HZE S

Aerosol Characteristics at Tokchok Island in the Yellow Sea

ol&E - ujHE* - UBE) - MHH - 28N - 2YUF
B2 Q7L ATBAATAE, Vol Hol Ao Hm 27 2z}

(20014 1249 17 A<=, 20029 69 249 A =)

Seung-Bok Lee, Gwi—-Nam Bae*, Yong Pyo KimV,
Hyun—Chul Jin, Yong—-Suk Yoon and Kil-Choo Moon
Global Environment Research Center, Korea Institute of Science and Technology, Seoul, Korea
LUDepartment of Environmental Science and Engineering, Ewha Womans University, Seoul, Korea

(Received 17 December 2001; accepted 24 June 2002)

Abstract

Various air pollutants were measured at Tokchok Island in the Yellow Sea that is about 50 km distant from
Incheon since April 1999. This study was undertaken to help understanding the level of air pollution and its
distribution characteristics over the Yellow Sea. The geographical characteristics of the air pollution monitoring
station and emission inventories of Tokchok Island are introduced. The mass concentrations and chemical
compositions of TSP and PM; 5 measured until March 2000 are discussed in this paper. The overall average mass
concentrations are about 37.2 [1g/m? for TSP and 18.7 ug/m* for PM, s, respectively, which are similar to or a little
lower than the values observed in other background sites at Kangwha and Taean. However, they are much lower
than those observed at Qingdao in China.

The low mass concentration and major anthropogenic ion concentrations in aerosols collected at Tokchok Island
show that local sources are not dominant at Tokchok Island. The estimated average fractions of anthropogenic
non—sea—salt sulfate to the total sulfate concentration of TSP and PM; s are greater than 80% for both sizes. It
hence suggests that the sulfate be mainly affected by anthropogenic sources. If we consider the average mass ratio
of PMys to TSP, the mass fractions of anthropogenic species to PMas, and the molar ratio of nss SO4*~ to total
NO;s7, it may be possible to infer that a part of anthropogenic species measured at Tokchok Island be transported
from China. The characteristics of neutralization of nss SO4* and the particle size of major ions are also discussed.
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Fig. 1. Location of the air pollution monitoring station at Tokchok Island.
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Table 1. Comparison of environmental features with other regions including background monitoring sites.

Region

Article Kangwha-gun

Taean-gun Bukcheju—gun Ongjin—gun (1995)

(1995) (1995) (1995) (Tokchok-myun, 1997)
Area [km?] 410 503 721 164 (36)
Population density [persons/km?] 172 144 137 82(37)
Number of registrated motor vehicles _
per unit area [vehicles/km?] 30.1 18.8 11.0G.6)
Gross power generation _
per unit area [MWh/km?) 0 712 74242 0.06(-)
Waste burning _
per unit area [ton/day - km?] 0.015 0.022 0.008 0.024(-)
Fishing boats [G/ton] - — 5963 3296 (434)
Number of environmental
pollution facility
class 1~3 0 2 0 0(0)
class 4~5 32 80 51 3(0)

Sources : Whole Country Yearbook (1997), Ongjin—gun Statistical Yearbook (1998).

— : No data are given

g2 7|87 E3R) A 187 M4z



A g oz gdEth

712l ¥3 o 548 Fetstr] Y3
= 2464 19999 49 8 RE 2000
39 19744 dr1edE4ds A3 o 71z
T 2F 4xE e AS 3 (19999 4% 38U RE
1447}x] 742k 69 124 3%¥ 154744 443}, 94
8UXE 14U7kA] 747t 20000 2] 24U RE 3¢
19747 747H)& AR o] wElMEs 53
g o FE oA FHUAY 2L JodF 4
A TSP} AA2 o g3} A FH el e 7
A QA PMysell i 3ke] A B9k,

TSP2} PMys& &A317) 3l F F72 dA
AHAAE At R 24 ARATAAME 1
@ HESE FE|Y #0-47, Savillex), ¥4 28T
(80-10, 16.7 L/min, BGD) ¥ zZg == TSP A3
AAE FAs 3, B2 YA (cut size, acrodynamic
diameter)o] 2.5umg¢l x}o] E& (2000-30EH, URG),
3ck |22 de|9 #6T-473, Savillex), YA 229
2~(S0O-10, 16.7 L/min, BGD) ¥ X ZFP=Z2 PM;s A
A%AE FAsA VA 2elvag THNE F
Ql-g-gfo) AA S (16.7 L/min)2} oF 10% 211, 3
o "ejgo] dAZg PMys AFAXY A4 23
Zo] 43Fo] Aol 2|3 29 YA RFE FUSHA

gohe EAAE TSk 19999 94 SR
% 27wy ANY T WA AALAE Aed

At F, 94 222 Hle) FeE fAAE
AT, AHAE A RES A e
ATee wystel AA f3e s R

ANAAz AR A5 A AYAA

Lo

é

A3t AHAAE FAsA §4] rlav|Ez g
ZA3e =g BATGT PMys A8 F<
o) zhrz AT FUAY M 20% o)

Aoz FAR
[«]

2 Jo o oft &

A OAIRE tgd oA 9"]77}1]
24217t F9t YAE AF s Th TSP PMys =

97 A Apsele HEE Y ASTo)
(Zefluor, pore size 2um, Gelman)—% AL8-E Y o, &4
A5 24T ARTolS dAAACIEA 24412 ol

ol 9d =9 7] elelzE B4 309

A%-e] 1ugel HAHA-E (MTS, Mettler)
=xelsch 3% YeiMel = B2 W
Azl ool A % A ¥ AL
ARFAE ARSI Hohed HAE BRI
Z o] (Nylasorb, pore size 1 um, Gelman)E 4}$]
2 Fgel fEdelE AR sk 1%
citric acid £4ol] A2 AdAH A FEe) QM
~A, Whatman)& AJsiieh 3% GEj® e ol 4@
et B8 AREEE Jroineh e A
oA QU A7 2B Apels) Ab-37] W
2 3 2R 47 4 deme o
ANE B s g B sEE BT
oz # A3t el gt} (Lee et al., 2001).

SAF BAF g B ol AL (L,
NOs37, SO4*)2 o]z 2 ul& 73 ¥ (2000i/sp, Dio-
nex)2 A3 1, F 2 (NHa )2 A & oFel
A (Ca*F, Mg?>t, K*, Na®)2 2AFE2=A
(ZR8200, Hitachi)2 A}t ¢2yx o2 gl
Edsygos WAL F E3F A (Genesys2,
Spectronic)=. A stgdvl. B9 AEIA = Cl,
NO;™, S0.42°2) 7% Z+zt 0.01, 0.003, 0.003 pg/m3o]
, Ca?*, Mg?*+, K+, Na*, NH, T 2] 7% z}+2} 0.006,
0.001, 0.003, 0.001, 0.003 pig/m3 o]},

QA7 Al HZAkme] 2)shd, 19999 1
Lol 1HE, 2900 7, S Ala7) 4 49 5
dell wiA|Toz Ayt AZFHYS, A 7|2
19991 49 8dXE] 20004 3Y 147tx] Al =
AL BEEA Qe

rJ
Mo

I

T
Y

RN
-{nl
X

du o 2
[+

0

)
7.1
5

'k

T
r-{n oo [o

2 o |

i

4 28 ¥ HE

2 A7 B 9] F olelzze] SHE

|

setalr] fisted HAE ZAaolA 19994 493
B 20009 397K A% 24 2 44 54 Bl
Q& TSPsh PMys®) A5l ot 24E ¥
Megor, 1 S4¢ Balo AR 28 2 e
38 Ansh vastalch o, ASFolS) 23

Folt A &4 F
k! AESF /\]E_(TSP 47, PMys 371)¢F PM,s9) Ak
E7F TSPY Aeexdrl I Az (243 29
TSP 17], PMzs 1I7)E A 13tgdet. o3 A A€

J. KOSAE Vol. 18, No. 4(2002)



310 ols% - i - Fe= - A¥H - 44 - EAF
AR = AA of 8%F AHA| T

4.1 TSP 3 PM;s9] ABEE 54

TSP Asxg] Az W3t EA4E A9r7] $8
o] 1999y 4¢ SYEE] 20009 3¢ 1Y7AA A
oM AL 497 Az dHYHF TSP =& 1§
3o ebleh A =] dHF TSP p2x A%

(80% o] Ah) 50 pg/m? o)sle)3t, AHF TSP F=x
37.2 ug/m?, EFA}E 21.8 pg/mielch. o] dF-9}
ZAubd, A7) 9 Alaert gebM AR o=
vl AR 942 TSP 32 %%
gietsly] $sted s Aol HAF FAFY F
Y 7] Al 7 e gt v
golx Y TSP 3=8 19 3o 7 eh)
o} 73zke] A4 1997 9YRE] 1998 2¥7HA]
A& 1270 Al8e] HAA o1, giekel 79 1997
d 1098E 1998 9€7kA] A2 30970 Als9
Z A} e]}

743ke] 9% TSP yEE dF2 75ug/m’ o)
olal, AF TSP H =+ 563 ug/m?, EFAA}E
235ug/im*e 2, 935 uid] 9437 TSP =7}
of 19ug/m’ o} UPF = UL v|%I}
o} o) & 7yt dA wel| HlE FH Eokolut o
EA(QA e A2 3L o go] W] dE

200

9l Aoz Az} (Lee ef al., 2001). eite] dHF
TSP 5 HRE 100ug/m’ o|s}e]x, 9337 TSP
=5 673ugm}, EEHAE 43 0ugmie, 94
o] w8 AFF TSP 257} o 30ug/m’ 51 o
HE 559 #Ax= 26] stk =} geke] TSP %
T eel AL, v sEdds S e
AHAQ] 2999 AT wel WAAY FAH L9
A 444 Hd ¥ =k 3L Yol B2
Rez AzEe} (o] %, 1997). TSP A& =9
=& 73kt giqte] A4l vl
A 2ol dEAlY] dekg o AHA P
o 4 oloh wpebA, sl e] TSP 5=
A4z A2 7kshd it
st Aoz A7
PMys Ay 47k W3 EAE Asur] ¢
ste] TSPe} 22 7i7F B¢ JA A 42 504
ANEe] dHF PMas B =5 17 4ol pehiie
Axo 9T PMs =t HjEE 25pg/m?® o3}
oli, AT PMys x+ 18.7 ug/m?, EFHA=
10.1 ug/m3ele}. o} Ao} HAubH2 otz &
A7} Gk AR oz vlwsrle FAT Y
Az PMys % 3§ Tty $3te] 73
giet 2 Mgl ZHE PMys 325 17 49 &
7 ebdlek (34t 2001; 1999). 7+3ke}

EI

ol
h=
3%

e
A 5,

a) Tokchok : Apr. 1999 ~ Mar. 2000

100 ~ — — — — — — - Rt e o- - - -
- & g o9 © ° o o
& 8 8,0
E 200 8o 8
Ed b) Kangwha : Sep. 1997 ~Feb. 1998
< . o o o
8 100 - - 45— O = mmm e m e — s m——— =5 -
- (o]
8 & Gpowo§ &
8 300 -
> ¢) Taean : Oct. 1997 ~ Sep. 1998
® - 8
£ o]
é 200 - - - ——- - -~ e e T T
] 0% o 0° o%) )
o]
Ie) l=Xe] o] o]
00— ¥ _ B -3 oS Do e
9‘%3 %@ 3o @BO @PPs 2o 0 @g _ao
-4 (o) @ o
%5 S ea fod® Fgo T S e %

Fig. 3. Annual variation of the daily mass concentrations of
Taean.

Y71 BAFHA A 18A A45

TSP measured at a) Tokchok Island, b) Kangwha, and c)



J_E_A
=

311

otk

A4 A= ) ooz

100
a) Tokchok : Apr. 1999 ~ Mar. 2000
o)
80 &——-——-—-——-—-—- -~ o T T T T T T T T T
| o & o
100 o & ® %% 80 &
D b) Kangwha : Jul. 1998 ~ Jun. 1999 4
o = [e]
£ o]
> 50 -—»70.0@0-5—*%_0__0__% ______________ 0
= — (o} 0 0 .00 0o ©
o o 00 o,0 L
::g 150 o o & °
e _| c) Taean : Nov. 1998 ~ Jul. 1999
(=4
8§ 100 - -—-=%%— - - - - - - — = - — — —— — — —— -~~~ —
[=4
g 4
1723 ] —
é ° 8 oooooo (¢! %O g 7
= 508 05 2.%° 05000, ﬁ 0,0
S 150 o) 0 "0 0 omy o) o 00
o _| d) Seoul : Nov. 1997 ~ Feb. 1999
100 — O_ ————— So T T~ P e
oo ©o © ©op
50 —fOopen o — — — — — — & e - YT
1 o ° 5 % o o © ° OO o 0o
0 T | T | T ] T | T ‘ T T
0 60 120 180 240 300 360
Day

Fig. 4. Annual variation of the daily mass concentrations of PMz2s measured at a) Tokchok Island, b) Kangwha, c¢)

Taean, and d) Seoul.

7% 1998y 7YRE 19994 6¥7tA] AL 610

Ao ZAATe| 1, eiqre] A$- 1998 1141
B 1999 7974A19] Al& )| A] 1,000 ug/m® o] Ak
o2 wFEE el A7 2d& A9t
647) A= EAATH, g AL 19974 11
Axe 19993 2971x] d& 387 Aae 2AZ
ol

733te] dFF PMas Er WEE 40ug/m’ o
sleol 3, AWF FEE 293 ug/m’, 2R 177
pug/mioz WAz wiste @FF PMs w57}
oF 1lpg/m® ¥31, sG] TFAXE 189 718
A} Bt AP F PMps B EE R 25w’
o)glolx, AYF =L 206pym’oz HAHEH
o 10% 71eF wom <zt ¥dske J- 24 vk
st} ARG ] BEAE Jeple Mg Ay
PM;s 2t o2 70ug/m’ o]dle|xt, A+ 5
EE 450pg/m’, 2EHAE 238ugmie s YAE
o H)sle) =% 2.4u) s}k =oAL 2001).

G xdA BEH PMysd AFEEE v
B Ao} dtellA] oF 130km Hojzl ey
ofFe] AAJx<3<l San Nicolas Island (9.7 pug/m*) £} 5
A ek ARl X3 AA XAl o2 Bermuda

(9.4 pg/myell v)ste] o (R 5, 2000), ¥
9] Alelz| 9l ql Nagano?] TSP %= (8.04 ug/m*) ¥}
A =31 (Lee et al., 2001), B]ZF =A|Ql A]7}are]
PM,s =% (18 pg/m) ¢} v]<%3}lc} (Sweet and Gatz,
1998).

g9H =z PMys AFsEE
At e MR A3
FE AYez YriEE 73t

390 elt e HEAle o
‘:}% g & 5 U v, 3%]"
71:]—/\]-5].7] 98 A4z dHwy
Sﬂ' \_%‘:}

& oejzEe YA 54L& A
1) o) N %4% A2 3274e) Hsted 5
ZAde] TSP sxo g PMys 552 v] (PMas/
TSP)E Fald, 2 IHFL 0.590|17 FHXE=
0.190]t}. 9A 52 =%n]= 3732l 19999 PMj,
F2ARE o] 43lod AASE Z3tel elekol A
PMip 5=¢ ®3 PMs 5=2] 8] (PM2s/PMio)3l
0.4210.13 (257) Al&), 029+0.19 317) A =)Rc}

M245 T=

7 Zgud o

2oy o B oox do

&

T

g (E2F 5 1999). 714 53 2L 7] A
Ao $A1eThT A4 EhE, A £ PMos/TSP

J. KOSAE Vol. 18, No. 4(2002)



32 ol%% - WA - AEE - AWA -

4.2 TSP ¥ PM2s2| 28t¥ =M

HdA oM AFHT dzE AmziE AF
=8 T8 F oozE Fo 44 oA

4380 v =5 FMG e, o] A E
d o] A9 A AL ARt
A =M AHg TSP PMpsoll =g &
T4 o] 2R AA A7 vx ¥ 2EAA
£ 20 AA AT HEEA ol3lel A& (TSP
A Cl"E= 1271, PMys ZellA] Cl"& 137, NO; &
570, Ca?t & V) BARE AT o A3
o iAol e A (ClT, NOy ) 3 9714
(NHs*) £ 7kxA €39l HCL HNO; ¥ NH;
& #AHg doie = 2o €4 e

Fgrolvt =A A AHE YAl = Al YAr)
Ho] g=e] ok Nat$ 2% & 7Idolzgtx
7}48}3 Horne (1969)9] &4 2AW)E 33l
A YAl yEE AA T oolE Ag vy
(non-sea-salt; nss) YA %3 ZAlsle] & 29
veR el A& 9, AR A A (D) Zel
e 2AWE o4l vsd FAlY FEE
F3Fdv) o), [SO ) sampies A1 B9 AR =,

\YeXon
: ] L #5eA AT YEF o) %

4 ol

dy fo

Ir ofy

Na*

Anl, Nat) sampre’s A1 B2 HEF o] 2 FEO|T-

S04+

2 1902 (2=
nss SO5° =[SO} sampie [ Na®

]se X [Na+] sample
1)

E 264 nss Cl':s ALY 2E A|2oAM 52
AAE G R, ol dad 3l g A X
wFoz FAF (Bae et al., 2001; Zhuang et al.,
1999; Kim et al., 1998; Mukai et al., 1990). =3}, nss
Mg*t s g4 Amdr 52 AARAEY,
o) (L AFx nAANMY EFR el fALEH
(Kim ez al., 1998), Mg>* o] m|gkAdHo]7] o) Fof b
W% 24 oAz Azt

E 204 BEo] AA SO2 A nss SO 7} 2
A8l v E-2 TSP} PMysoAl BF 97% o]i}e]
o} ool dA® 2R AL 1 o 160me)
e o YAstEzE, F2 2UdAE EA:
A9 WA Ae Y P AEe Aoz 47d
t}. Gao et al. (1996)2 Z=3]2] ©7] do|2&%
ZA]5te] J9)Al 29l 23 nss SO 7} A
nss SO272) 81~97%2 A& 7oz FA3gt
azlez, A AHE AA SO 9 80% ol
7ol 191Ml eglel 7" Aoz FAHH

o
=

F9 AEE] TSP g PMys9| Agp ol w3t
veRd 28 5ol BXo] TSP PMas
BE ZoA nss SOL 7} 714

NHy " o]t} o4 7] A 2Ff-22 (residue)dll &= f7]5k
&, Aaets B0k A o] 23EC PMysol 28

Table 2. Mass and ion concentrations in TSP and PM, s, and concentrations of the gaseous species measured at

Tokchok Island from April 1999 to March 2000.

(unit: ug/m?)

Tons Gaseous species
Pz'ir;i:le Mass Anion Cation
HC1 HNO; NH;
_  nss - - nss 24 DSS 24 1SS L+ nss + n
Cl1 cr- NO;™ SOy SO Ca Catt Mg Mg2* K K+ Na* NH4

No. 49 26 26 36 36 36 36
TSP avg 372 0.80 —0.44 253
std 21.8 1.10 0.52 2.82

36 36 36 36 36 36 - - -

6.42 6.27 0.446 0.423 0.127 0.056 0.316 0.295 0.589 1.857 - - -
3.10 3.11 0.335 0.324 0.118 0.090 0.218 0.212 0.433 1.385 - - -

No. 50 24 24 32 37 36 35
PMys avg 187 039 —0.27 0.99
std  10.1 051 052 1.28

542 5.36 0.090 0.079 0.031 —0.006 0.262 0.253 0.312 1.688 0.35
3.05 3.08 0.056 0.054 0.021 0.032 0222 0.223 0.265 1.011 0.20 1.12 0.540

37 36 37 36 36 37 35 35 35
1.34 0.642

avg: average, std: standard deviation.
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Fig. 5. Mass fractions of major components to TSP and PM; s measured at Tokchok Island.
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NH;" &= o728 v AdAdE & 4 o i,
NO; 9] PM,s/TSP B]%= 0322 NOy & HBE 2
ALALE & = 9ok 2 YAE ER) sk NOsy
= #eko|y TAA A=Y (Zhuang et al., 1999;
Gao et al., 1996), B E Slxlo| Mz F=Fc}
(Galy-Lacaux et al., 2001). o]&] 3t Q14]# gl AE<]
A4 e 2 9A 8L Fetsy] st ®WA
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7zt Algel ZF nss SO o o ¥ NHs+ 9] w3k
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i 4

a2 o }o

s wA gxkel NHNOsE A A 7] A1 3k (Hayami
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Al B A= nss SO & Xﬁ] Z3A7]A £ gt
NH4+4 %7} yoto mz NH;¢ HNO:9 Hb
+ A& 71 FA . w3, o)A YA
“.a‘ladé% THEA17)7] 8] NOy 7 Fis
SAre} Bbg-le] d i oAtz E4)
£ 1543 = Yot (Lee et al., 2001).
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Table 3. Average concentration of major species and equivalent and molar ratios in TSP and PM; 5.

. 3 Equivalent ~ Molar
Concentration (Hg/m?) ratio ratio
- NH,* nss SO4%"
2 - + + 24 4 4
Mass nss SOy NO; NH4 Na nss Ca /nss SO~ /T-NOs*
Tokchok Island"
(n=49 for mass, 372+218 627+3.11 253282 185741385 0.589+0.433 042340324 0.76+033 1.40+0.90
— 36 for ions)
; -
(ned M 1156504 14858944 BI6E628 626430 3V ELO - 10603 -
Nagano, Japan® 8.0 122 0.37 0.36 - - - -
Tokchok Island?
(n=50 formass, 187101 536£308 099128 16881011 0.3120.265 0.079£0.054 0.87+0.39 1.97+125
37 for ions)
4
PMys ﬁajg‘f)ha 203+17.7 615606 1.38:+1.85 2400141843 0.616:£0.482 0.548+1.257 1.41+1.18 0834039
5)
(Tn“za) 206+179 401£344 0741110 120041412 0.563£0.394 0.1140.098 1.25+1.07 138+0.96
. .
81‘2%‘193)0' China™  553+324 12264758 5154428 564 £387 076 £042 - 1142036 -

" This study, » November 1998 and April 1999 (Moon et al., 1999), * October 1991 (Lee et al., 2001), ¥ July 12, 1998~ June 26, 1999,

3 November 5, 1998~ July 6, 1999 (Moon et al., 1999)
XX+ YY: average +standard deviation,

F 448 2 AAA BANRS o4t A9

A 2QEAL o] FAHZE Tt o) e
AgsiA wd Fert st

F2 dfozye YAHE Nate] ¢ HH=
A9 Fxi= PMpsollr] ¢F 0.3ug/miez 7h3le}
gigke} 12 3oz v o7l Fhstel et &
Hao] @ nxrt GHze] ulste Aoz
2, 25 sl 150m ool $Xjst7] &
A Aoz AyzbEln.

F2 2foz e AAEE nssCa’t e AT

%7t 9A = 7§ 008ugm’ ez 7FEts} eiqhe
reuo g o)A 3 AL FHe F7A
7F AL, e’k FA A 4Fd Ax s B
of lx Aoz Aztdd.

Lee et al. (2001)°] doj2=9) 7]|9e gFHo=
FA37] $18ked AHET A& nss SOLT/(NOs”
+HNO3)9 BH]E A=A AHA PMasol o
3l AArsbd HF 1.97¢9 2O UALZ RBHA
4 4 9 NOy & 3e3slr] 93] TSPl =3
nss SO 8+ NO3 9] =8 o] &3l o )& AA
& 14008 Zo|Ech o] 2 =] HA NO.
Wi Zefol] gk SO, W&o EH] (SO/NOYS 0.5
9} g7 wQ 06373 A o W, $F

FFA 7|43 A Al 18 A 45

* T-NOs™: total nitrate, sum of NO3~ and HNO3

o) wal 234, 3% ¥39 vjel 1598 A8
o} (Lee et al., 2001). | 2ol B o wjEsf 7237}
of] 23ld, =2 A% SOYNOE 199593¢) 1.5~
1.80]9] 3, 2030d¢] oj2® 08~1.52 ZFoE 7
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061515 2030 = A2} Wshx] dm Hl%E 7
o2 2%t} (Klimont et al., 2000; Streets et al.,
2000). 0,5} NO,9) ALspiHS S29) 2he], 214 A
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