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(1) PM 25 Air Sampler
7] FfEzl T 25m olste] mAYAE MAS] $1E PM s air sampler= 7 H o] Y
S A5G Cyclones V= URG AFe] model URE-2000-30EHE A3l o,
filer packe HIZE 393 (Savillex Co., 47mm)S AF&3Ath. 719 32 dA4 289
2~(critical orifice, BGI, DO-10)& A}&3Fe] Z7]f%°] 167 Lpmo] HE5 Zd33)

71898 3/4nte 2 FH 3 (MEDO, VP0625. 40 Lpm)S AM-8-3 9t

mZi

oL
[€)

K

(2) High Volume Tape Sampler

FHFEZ(TSP) Al3E dE KIMOTO ElectricAte] Model 195A high volume tape
sampler2 AF&3ith o] sampler: roll typed BIZE FE(PTFE)S Ag&3&lo] A% o
2 ARE QAT 7 de AT AlzdeH, £3 AHAAES dog2 24T 4 Ut High

volume tape sampleri= ZlEolY UFo] ®Asta FPH (Zo] 7Tm, W4 38mm<!
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(3) Atomic Absorption Spectrophotometer
o] F8A Fol AL YAFFEFFE=A(GBCAL, Model Avanta-P)E A3}
21891 3L, atomizers 10 cm@t 5cm slot length® burner head & AF&3F$1 21, Na,

, Ca, Mg & single hollow cathode lamp & A}-&3}9th.

(4) Ton Chromatograph
Sol % o] A DIONEX A2l Model DX-500 Ion ChromatographZ A}

{3l BAslgTE Lol BAA ZHE IonPac AG4A-SC/IonPac AS4A-SCE AH&3}

AL, Fole BAL JonPac CG10/IonPac CS10S AF&3&tSith. &= #HE7]E conductivity

(5) UV-Visible Spectrophotometer

T8 ol AR = NHy °o]<-¢ indophenol ¥ % Ion Chromatography® < 33}
E2311 11, indophenolH ol A= =92~ KONTRONAFS] Model UVIKONSG0 UV - Visible

Spectrophotometers A}-&-3} %1t}

2. B2 Ao A L 24

PMys " AMERS AFE 324 A4 PMys air samplerE A X3l 3% filter pack®}
H Z Z(Gelman PTFE, 47mm/ 2.0 m), Y4 ¥ E(Gelman Nylon Membrane, 47 mm /1.0 i),
2 f-(Whatman Quartz Microfiber, 47 mm) ZEE AF&3te] 24417 @92 2} FH 35S

T PMos AR AR HZE HE ARSSte] 199799 49 10958 129744 6

pel

R

]:]
An
Ao R mF QN 19989l 6Y A1 HS7ItdlE wid)o® A7 6471, 19991

-
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& 6 Ao R AZF 5170, 2000l = 69 A3, 649, 119 JT 7ol vid)o =

6671, 2001 A 44, 84, 114 4+ 7]3tell= wied, vwA 7)3tell= 6 14
o7 Y SUUNE AMASEAL, 1997 10858 2001d 274 F 273709 A& AHF A
o oHZE dE e 58 dAY flo] A2 HA A o] ¥ el £

7b ) HAAClHE o &atdtt. o w 82 citric aci
3} glycerin 25 g4 methanolel o] # =

AAe7E 2d 2E I AE 24 AR HEUHdd Yol HEE Holzz 2Eed
5 A A E A SAZAIZFA] Bttt B3l AHE BE FHEE AF AF dEs)
o] BEAA7A 20 C WEAd BRIt 3 39 dAE A3 = 8-Stage Cascade
Impactor®} membrane filter (Seoul Science®] Mixed ester of cellulose membrane, 30 mm/
L& AR&3te] 2001 #Hol| 5 w912 23] 8¢ 59 @92 23] AHAFAL, TFHF

A A8+ high volume tape samplerS 577t F¢F 7153t 23 3t}

A

Table 1. Sampling table for the collection of PMs5 fine particles at Kosan site
during the year of 1997 to 2001.

Year Sampling Period Sampling Unit Number of Samples
1997 Oct - Dec 24 hrs 11
1998 Jan - Dec 24 hrs 64
1999 Jan - Dec 24 hrs 51
2000 Jan - Dec 24 hrs 66
2001 Jan - Dec 24 hrs 81
Total 273




(1) Al=e] dAAg
PM 25 air samplerdll A B|ZE HHE AF&sto] AFd #3 Fo 84 d22 2T
TE AHEEY §EAAT e 03mLE 7H ZEE QX & 2EF
ZS A Z 7| 3057, thA] vortex mixerol A ¢ 5~ 10827 sl =84 AES
5

LEA 71 & &AL 045um membrane filter2 o 7}alo] o] &AJE H AL A

NH,', Na', K, Ca”, Mg” 59 84 %ol BEXo FoA AAS A A5
& Agatlon, o gole 4T WA B¥F FEE AHEeiTh Na|, K, Ca”, Mg™
ool & AAEBBE=HI Jon Chromatographyd-< =
Wo A Na', K', Mg” A2e opgdals 37]e &3 E2(0cm slot length) AellA Z
7} 589.0 nm, 766.5nm, 585.2nm 4] FPOoE L Ca’e oA EUA NO° EF BE
(5¢cm slot length) 7ol Al 4227 nm 3179 FLS o] &3t BAsAG. o] w AFA =

48 EFE&H2S MERCK AHY] 1000 ppm EFE& RS 2R w9 28F w22 A6

A

&t} Ion Chromatography® ol A+ IonPac GS 12 guard column® IonPac CS 12 separator
columns AF&3l9 sample volume =20 ~ 50uL, eluent=22mM MSA, CSRS-Ultra4
mm suppressor®] Ao g BX&tt =3 NHy & indophenol 8 # Ion Chromatography
HES Wyesto] A48t Indophenol 2 A58 5mLE A3 FH3skal o]7]o phenol
nitroprusside < 2.5 mL, sodium hypochloride &% 25mLE 7}&te] WAAI7] & z49]-7}
AAEFFE=AE AHESEe] 640 nm el FAEE SAste] AFEASAT o W A
FA A ARET EFE& AL Aldrich AFO] 12 55 AleF (NHW:SO.3 25 AHE

sko] zA s

(3) Fol& £
SO/, NO3, CI golee o] wow HAADE AR ARgHS 4°C W Byt

3 AEjol A A% EFH o] Ton Chromatography™ &2 F Ao 4139 th. Ion Chroma-

-7 -
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Table 2. Mass concentrations(ug/m’) of PMss fine particles collected at
Kosan site during the year of 1997 to 2001.

Number of

Year Samples Mean Max Min
1997 11 20.0 45.7 8.3
1998 64 13.9 52.0 2.9
1999 51 20.9 45.7 5.0
2000 66 21.2 69.8 7.1
2001 81 19.8 64.8 3.7

NMean EMax HEMin

Conc.(O/0)

1997 1998 1999 2000 2001
Year

Figure 1. Comparison of mass concentrations of PM2s fine particles during
1997 and 2001.
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Table 3. Annual mean concentrations(ug/m’) of water—soluble components in PM25 fine
particles during the year of 1997 to 2001.

Concentration (¢g/m’)

Year 3 ) 9
NH, Na' K' Ca”' Mg®  SOF NOs Ccl
1997 1.08 0.31 0.36 0.09 0.07 468 0.18 0.18
1998 0.96 0.27 0.28 0.10 0.04 359 0.38 0.18
1999 1.44 0.40 0.30 0.11 0.08 4.64 0.93 0.30
2000 1.82 0.36 0.33 0.13 0.06 521 1.74 0.24
2001 1.31 0.39 0.19 0.20 0.07 3.68 0.69 0.26
Mean 1.34 0.34 0.29 0.12 0.07 4.34 0.79 0.24
2001
2000
1999

Year

MNH4+ [ Na+

B K+ F Ca2+
Mg2+ S042—-
NO3- HECI-

8.0 9.0 10.0 11.0

Figure 2. Comparison of annual mean concentrations of water—soluble components
in PMgys fine particles during 1997 and 2001.
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0.24
0.08
0.61
1.11

Cl

0.79
0.24
3.02
1.23

NO3

S04~
4.34
257
5.35
3.83

0.07
0.03
0.06
0.15

Mg*'

0.13
0.15
0.19
0.56

2+
Ca

0.29
0.20
0.57
0.23

0.35
0.13
0.42
1.35

Na'

1.34
0.61
3.37
0.90

NH,'

2)

Site
Kosan
1100 Halla Mt.”
Kanghwa
Taean

Table 4. Comparison of mean concentrations(ug/m’) of water-soluble components

between Kosan site and other remote sites in Korea.
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TCaLion = '7ﬁ Ci ZZ/I/VZ

TAnion = 2 CiZi /VVZ

Aol I PMos w10 784 A w4 Aol dial ook 22 Wew
Fol2 BEEE & gole ITH¥EE Akt AuAlsE et 1 23S Figure 3%

0.7

y =0.9997x — 0.0006
R? =0.946 (r=0.973)

0.6

05

04

3 [An]eq

03

0.2

0.1

0.0
0.0 0.1 0.2 03 04 05 0.6 0.7

>[Catleq

Figure 3. Scattergram of X[Catle, versus X[Anleg

for the analytical data of PMsys fine particles.
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Table 5. Data quality control parameters and % imbalance

Regression results PM 25 9% Imbalance”
Number of point 273 <10% Imbalance 117
Slope 0.9997 10~20% Imbalance 63
Intercept -0.0006 20~50% Imbalance 81
Correlation
coefficient(r) 0.9728 >50% Imbalance 12

: % Imbalance = (TCaLiOn - TAni(m) X 100 / 05 X <T(jal.i()n + TAnion)

B AEE 5 dddAe EFAAE W UrA] JEES F2 Q9F el 9s
dH= Aoz dexn Atk B EAds diEAQ A9A dried AEeRe
SO ¢k NOy & 5 & ith 53] SO 9 NOs &= w4l 23 Fol o] oisE Aow
ade A Ak EAIA]

So] AA LA 40~50 %¥E HRFs 2 Y= Ao= HI(Hong Zhang et al, 1999;
Harrison et al, 1998 ; Seinfeld, 1986)% 3L Attt 53] ol AL ES 01~1.0me A &

el gol el o oldd mAdAES AlAZL AHPAQ FFS =8 IF VI

A-dE 2 v wslte] Table 63 Figure 491 YElWAT. A+ 717+ 5 PMas air sampler=
Abgete] AFH G Exle] ARFEEE 139 ~ 212p¢/m' W91 F%(Table 2)& HArh

84 goled =

ox
o

Addz vws] 2 Ay Az Folgae> NHy >Na >K' >

Ca” >Mg” ¢ ¢o= 2AEAL, NH o w%7F 714 =4 Jebuo
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NH, 9] H2E 777 B9k Add o] 100~ 172 ug/m= K, Ca’ Mg” S
H3 =2 F2& Yeddla, &, A5, 7F, AL Z47F 1.72 pg/m' 1.38 pg/m', 1.27 pg/m’,
100 pg/m2 HHo 7MY =& &5 HAth NHy A8 5&59 widE H5, AE9
F2 o o8 F2 mMEHY olF oF 0% A= TE9 wdE o8 TS A
(Howells, 1995) 0.2 &4 vt &= NHz o d¥=FS 248= 7 a3 da= A&
g2 &3 2=(Pio, et al, 1996)°lth. B ol= R AMEEF FUIE
% (Carmichael et al., 1996)3l3 o Fd= &2 wWjdEo|y AE9 R/l &2 7|29
FEFgFoE Fuks] o] FojA WA NHzo| WA o] Frletes Aoz oA Aok & AT-elA

= NHy s=7b ol 7Hd =31, Aol vtol o]efd Ael dX et 4FS HAth
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ml\.«
1o,
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=7F S7tske AL o7 FA FHAge] 2 Aor HRY 53] EAF dF¥FS A
A Qs EAe ogk o] Ca’ 9 FEIF Tkl AL AFAGY frjde] Fare
tH, =4l e FAF s AFAq fr] i

o FAHL YSE I F1 dth.(Kotamarthi and Carmichael, 1993; Iwasaka et

2,
ol
tlo
52
o,
s
T
R
x2
oo
tlo
o
=)
ofr

Sole B BA AW By FEE SO >NO; >Cl Y #oz Ugyth o *

Zvzt 399 pg/mt, 372 pg/mv', 346 pg/m' = AL HEE FEE Btk SO & FE U] F
QFEA(SO)C] 7] FellA shatAel WS A AAHE 23 QFE
EAomE A Bl sPtoly MR Sete] WEE $%

1=
T
lovt olRE Qzre] @B wE AFEAU Wi AR, g § Q94 el o8] w4y
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FTEE gole T % 10% AEe ¥v&E Yy, AdEEs 5EHd 153
pg/m', o1&l 092 pg/m', 7F&ol 0.67 ug/m', A&l 049 ug/m'= NO3 AR GA| BHo| 7}
F = BEE YA NOs & SO 9 vz A= tf i 21912 @919 iy IS
et AL, 12 L 9EZE] NOH Abstd g S AA A H = 23 e dEZo|th NOk 9 4

EY T NHy o] AspAltel & NO; 2 dgEo] EF dA7E di7] o2 9
TR AT T GEY 4bE ol 9e) Ad AR thr] Fol
FHE 7% gt ey NOs o A2 tiid st ds9 A8 dddoe] A3, Wi, A
2k S E 5o dFgoE WA= A9 LdEH (A S 5, 1994).

AAE PMys P A2 22 FE2(Total Suspended Particulate, TSP) A &9 ¥ % x}
o] Z mlualy] Yate] 1998 1€RE 2000 12€7A] & 363702 AlRE AFHse] £
3 TSP #xl9 84 AE 224 ZAxE Table 79 F23AtHAY, 2001). Aol A

£ vpsl Zo] TSP #79 #84 %ol AFWF FEE Na >NH, > Ca” > K > Mg”

>Na >K' >Ca” >Mg*ote & 48 1yt ogg 2
= B2 Ak Azled wEk dE 2ol tES 9udith Na' 2 sldgAte] 8 A&
2 TSP 234X ol F 4w s=7F & AL Y
A2t EFFATE PMos HIAIPAIRGHE TSP i #bel o @o] &5 o]
ol Wt FE Q19 A Ay YS YEeEldE NH/ 2 Aduldo=z TSP Ao
B

L3y mMAGA H @ol ExH dEFe & dnh dE Feol2 3

0,
Il
@
DJl\')
rlo
i
o2
jin
2
o
)
=5
oX,
M
[o

T3 PMys A&l thak TSP A&l =AnE wwslr] g4 25ms AAZ vAY
ZHFP, fine particle)®} A A JAHTP, total particle)®] F%H|Z F&dct 2 A3 7z AR
5o FP/TPS HlE NHS, K, SO ,NO; 7F z+7F 095, 0.80, 0.66, 05622 Na', Mg”,
Ca®' 9] 0.19, 0.23, 0.24¢] "8 ©f & %S BTk ol NHS, K, SOS ,NOs & Zdi#e

Aol wol EXE I 9lon Na', Mg”, Ca®t ZulgAtd o wo] ¥t 9]
&S gugt} o3 FRES WA 719 Bl NH, K, SO ,NO; A& F2 9l
A a9le] o e, wHe] Na', Mg”, Ca® AES a7 EdolA fajdes A
LEoltt. olg A¥= TSP Zoidatel vls] Aoz o' PMys WA Ae] 2318 1A

of falE ANH 0@ Aol o el FhHel AL AAe Frh
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Table 6. Seasonal mean concentrations(ug/m’') of water—-soluble components in PMas
fine particles collected at Kosan site.

St t - + + + 2+ 2+ 2- - -
Season 5‘ ®TONHY Na© K Ca¥ Mg? SO NOs (I
1CS

Mean 1.72 046 040 033 0.09 5.49 1.53 0.32
Max 8.43 266 273 241 035 2092 1522  3.07
Min 0.04 0.03 000 0.00 0.00 0.60 0.05 0.01
S.D. 1.43 042 042 054  0.08 3.61 2.35 0.46

Mean 1.38 031 019 006 0.04 3.72 0.92 0.17

Max 5.60 125 068 041 0.16 1354  11.80 1.16

Spring

Summer
Min 0.01 0.01 0.00  0.00 0.00 0.06 0.00 0.00
S.D. 1.32 025 013 006 0.03 2.92 2.23 0.23
Mean 1.27 028 027 008 0.07 3.95 0.67 0.17
Fall Max 4.76 1.99 150 032 0.27 15.99 3.55 3.06
Min 0.00 0.00 000 0.00 0.00 0.00 0.01 0.00
S.D. 0.89 030 026 007 0.05 2.97 0.68 0.36
Mean 1.03 039 023 010 0.06 3.46 0.49 0.35
. Max 3.57 157 084 058 021 9.98 2.38 1.53
Winter

Min 0.02 0.00 ~10.01 - 0.00 0.00 0.01 0.00 0.01
S.D. 0.76 0:34:63020.20 1y 040 | 1:0.00 2.36 0.47 0.39

N NH4+ Na+

Winter &\\\\\\
Fan | ] B Eégf mo-

Summer

Spring

Conc.(O/0)

Figure 4. Seasonal comparison of mean concentrations of water—soluble
components in PMss fine particles.
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Table 7. Seasonal mean concentrations(ug/m') of water—soluble components of TSP
collected at Kosan site.”

St t - + + + + 2+ - - -
Season t’fl ®TONHS  Na K Ca¥ Mg”  SOf  NOs
1CS

Mean 1.64 1.80 0.48 0.80 0.28 7.52 2.73 1.75
Max 1.99 2.04 0.57 0.96 0.32 8.28 3.32 2.02

SPring np 198 147 042 057 026 678 243 161
SO 035 029 008 020 003 075 051 023
Mean 140 147 025 018 0.19 614 133 082
ummee MaX 214206029 019 022 793 158 120
Min 082 113 021 017 016 518 109 047
SD 067 052 004 001 003 155 025 037
Mean 144 187 041 044 026 636 160 171
L Maxo 200 226 062 062 028 815 178 186
Min 110 157 025 034 024 515 147 152
SO 049 035 019 015 003 158 016 017
Mean 124 214 043 056 032 639 187 222
. Max 131 239 052 075 038 759 225 278
Winter

Min 0.13 1.70 0.38 0.46 0:25 5.76 1.63 1.63
SD 0.10 0.38 0.08 0.16 0.06 1.04 0.33 0.57

49 54 A%, AFgstaete 4es]

A

D 23, A BH 7] dlolzE: Qe x4
oS
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4. 71474 =44 v= 54

7144 A E A<l HNOs, HCL HoSOs 52 7] Fol m#Eoz &Asts HdEow
A Atk HNOsol T+ th7] 59 o]2kstd A(NO» el Fxd o&Esy NO= A+

2 W o] F owEdelth E HCI sd gt} A7t 249 whgS T A

ol 7IAg e R EA L v A LA EAR HNOs, HCIE AFAs AT 18 i o5
7} JEES BAX3e] 2 A3E Table 83 Figure 50 YeEW AT A 717 S 714
4 B4 HNOs¥ HClO) =W Hises vlal 8 2 Ay F AR Fitsmrt 7t
7} 1997 d el 057 pg/m’, 0.57 pg/m® 1998l 052 pg/m’, 0.34 pg/m” 19993l 0.52 pg/m’,
0.34 ug/m®, 2000831 0.68 pg/m’, 0.38 pg/m’, 2001l 054 pg/m’, 0.36 pg/m’= HNO32}
HCI¢ Hases AEHE 2 Aolg HolA e AOE ZAEAY. 28y HAds

£ HNOs9| 7% 2001l 7bd =, 199730 714 wA debyton HCIS 1997l

st
7Hd =3l 1998 1999 el = B s E Bl Ao ZALEUTH

Mo

Table 8. Mean concentrations(ug/m’) of gas—phase nitric acid and hydrochloric
acid during the year of 1997 to 2001.

1997 1998 1999 2000 2001

HNO; HCI HNO; HCI HNO; HCI HNO; HCI HNO3 HCl

Mean 057 0.57 052 034 052 0.34 068 0.38 0.54 0.36

Max 172 227 245 0.87 245  0.87 201 1.50 3.73 1.27

Min  0.04 0.08 0.01 0.06 0.01 0.06 0.00 0.10 0.03 0.01

SD 074 0.77 047 014 047 0.14 053 0.21 0.53 0.18

_19_



EHCI

B HNO3

S
©o o o

(o/ o) ouod

N
o

-«
o

o

1999 2000 2001
Year

1998

1997

Figue 5. Comparison of mean concentrations of gas—-phase nitric acid and

hydrochloric acid during 1997 and 2001.
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FoAdE FLe JFE e Aoz A JArhAH S, 1998 A9 F, 2002). 53
HoSO48He] Whg-7d o] ofF 7AA HoSO4-H:09 o] Ad# Al

7180 S = Wuk ol FEo L% 8 (Zhuang and Huebert, 1996)< ] x|
= Aoz dyA duk B AgelM AFHI AFAG £ 9A o]# g (NH.SO7F £3
, 1998 Querol et al, 1998)¢.2 &3t &
geow 5042’9}91 FRAFE 2 AR K2 7] Foll SO A3 Eel  K,SO;, H =

dol e HER A At

o
N
ko
>~
gi
w
=t
g
5
o
&
tlo
©,
\
o,
32
K

NO; & F2 A, Afo 22 A8 Aiol 9ste] A4 NOsF 22k ix= A
geo] ExE FdEE ol NOs o AAHFS spAA8 e os] 4% NOx7t
B3 oy w8s AA 724 AAHHNO)H JAE AAHNOz ) o= ke H ke
%=, HNOs¢t NHs®l th7]g sk, Ff2xe] Aol we) 2k
t}.(Hayami and Carmichael, 1998 ; X 5Fd 3} #3174 1995; Stelson et al., 1982).

o)y

e B mE 54, 04 FAER AWOR ofEst] QA BARA vaE & »

HNOs;¢F NH3o| nb&ell ols A4de NHMNO; = NO, HNOssH @224 o 94 #hote]
el os w5d FEE EAEs sow duA sl # Aol AFdHE NO; o
NH, o] #7557 063002 waws & g Bela, F2 NHNO: Fe= t7] Ffii
Aol EAF A& ¢ 5 2ATh Chul-Un Ro o] AF%E 4kA 97 g2kt 1100

Ao A 7 May Cascade Impactorgs ARE3lo] BXAIEE AFHeta, YA S X-ray

45

m ZFEA W (low-Z EPMA)S. & %A A2 B2 NO; o 49
EAQstE Ae® HaE il Yui(Chul-Un Ro et al, 2001). 28t B A9l PMys v A&
Aol A& NOs ¢F Na'#o] AaAG7 00842 e AuAS B ogd Axz 3
dl ¥ NaNO; ¢ w2 vAlgAE = vlwsd 2oigixte] #1310 o @ol &A1 7bs
Aol de Aow FAHTH

Cl& Na', Mg®ste] AatA57 24424 0820, 05812 53] Na'$f =& Z#AaAAS g
WA o5 Al AESE dde] AxAREoR BAYA o
EAT ThsAde]l F Ao ddHn E oojHd AZEE I

7] T FdEa o wrjdo] s S wel i es & UsdHh



Table 9. Cross correlation results among the major water-soluble components of
PM 25 fine particles.

NH, Na' K nss-Ca® Mg¥ nss-SOZ  NOs clr

NH,' 1 -0.028 0.567  0.103 0.143 0.863 0.640 -0.157
Na’ -0.028 1 0.240  0.372 0.726 0.128 0.084 0.820

K 0.567  0.240 1 0.377 0.360 0.698 0.389 0.082

nss-Ca” 0103 0372 0377 1 0.646 0.260 0.216 0.222
Mg** 0.143 0.726 0360  0.646 1 0.300 0.162 0.581
nss-SO,  0.863 0128 0698  0.260 0.300 1 0.367 -0.090
NOs 0.640 0.084 0389 0.216 0.162 0.367 1 0.026
Cl -0.157 0820 0.082  0.222 0.581 -0.090 0.026 1
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= &9 2(Davis,
1972 ; Chesselet et al., 1972; Nishikawa et al., 1986; o] & 2], 1995)) o]af AAtat$d ).

EF = (CX/CNa*) Fine Particles / (CX/C Na*) Sea Wwater

Aol A ¢, 5 Na'9 =& s g Ax d8oli, 5 B49 4 48E59 ¥
=5 U B (Cy/C ) rine posicess PMas AR & Na' 29 sxet 2F A9
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FERE VBRI (Co/C ) s mns N 5 Na' ARe wme} 7 JRo] runE
ERH
o] 215 o]g3le] Na', K, Ca”’, Mg®, SO, CI' AEE 7zt e sZAFE ALl
slol 2 A= Table 100] LoFst) Adutdow 72 A REd te] T3+ EF < 19
e 1 Qae] Jldel ARARI 23, AFERE FAURSS i@k et
EF #to] A®AEl wel tha xpo]g woly] wjio] hxl 4 o2 EF gte] 3~5 o]3te] 9
o vehi ge J9E@ N 5, 1989)
of o8 faE fxdn st Ak 2 AdEE 26 F98 A Al L

e FEHAFE SO K, Ca, Mg”, Cl 9 &2
2 etk o] & SO e A9 SOL/Na'@l EF ghol 644 ~ 9812 EF gho] &4 %A}
93, SO AEL ddelA FaH7IRTE g2 29 F A94 wjEdo] 3 Jdko]
2 Ao yekdArh ve] Cl, Mg® & EF #eol 2447t 03 ~ 1.1, 1.7 ~ 252 #& & y
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Table 10. Seawater enrichment factors calculated from analytical data of PM25 fine

particles.
(Cx/C ny) sea moater  (Cx/C ng) Fine Particies | (Cx/C ng) Sea Wisater
Ratio
Seawater Spring Summer Fall Winter
SO /Na' 0.25 778 84.0 93.1 64.4
Cl'/Na' 1.80 0.4 0.3 0.3 1.1
Mg”'/Na' 0.12 1.7 1.7 36 25
Ca”"/Na' 0.04 182 95 13.0 188
K'/Na' 0.04 30.9 33.9 43.4 52.9
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Table 11. Soil enrichment factors calculated from analytical data of PMas fine

particles.
Ratio (CX/C Ca“) Crust (CX/C Caz*) Fine Particles / ( CX/C Caz*) Sea Wwater
Soil Spring Summer Fall Winter
SO /Ca* 0.004 19245.2 234125 13468.4 182235
Cl /Ca* 0.004 914.5 915.7 5755 2440.5
NO; /Ca*' 0.004 3181.1 3873.4 2767 .4 3135.8
NH, /Ca®' 0.004 5990.1 8406.0 5766.6 5432.6
Na'/Ca®' 0.76 6.9 9.7 46 13.1
Mg?'/Ca*' 0.33 1.7 25 3.4 46
K'/Ca* 0.66 43 75 49 6.1
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Tablel2. Mass and ion concentrations depending on the particle size of airborne

particulate matter in Kosan site from April 10 to 15, 2001.

Concentration (zg/m®)

Size(ym)
Mass  NH,’ Na" K Ca* Mg” SO NO; CI
9.0 Up 1040  0.16 2.38 0.10 1.13 0.27 1.51 1.52 4.22
5.8~9.0 1005 016 1.76 0.06 1.49 0.24 1.49 1.85 2.71
47~58 7.27 0.16 0.88 0.05 1.14 0.13 1.05 1.51 1.21
3.3~4.7 9.14 0.19 1.24 0.05 1.83 0.22 1.64 2.63 1.7
21~33 8.38 0.28 0.83 0.11 1.40 0.19 1.47 3.00 0.95
11~21 6.66 0.52 0.43 0.19 0.63 0.13 1.79 2.30 0.37
07~1.1 4.44 1.14 0.15 0.29 0.07 0.01 3.20 1.58 0.06
0.4~0.7 4.09 112 0.06 0.18 0.03 0.00 2.54 1.22 0.04
Total 60.43  3.72 7.71 1.04 7.71 1.19 1469 1562 11.27
Table 13. Mass and ion concentrations depending on the particle size of airborne
particulate matter in Kosan site from April 15 to 19, 2001.
Concentration (zg/m®)
Size(ym)
Mass NH,’ Na' K Ca” Mg” SO NO;  CI

9.0 Up 7.79 0.10 0.75 0.05 0.50 0.10 0.44 1.22 1.10
5.8~9.0 6.68 0.13 0.58 0.01 0.52 0.09 0.45 1.43 0.73
47~58 4.36 0.13 0.23 0.01 0.27 0.03 0.24 0.88 0.22
3.3~4.7 7.26 0.12 0.41 0.02 0.46 0.07 0.51 1.47 0.35
21~3.3 4.60 0.24 0.25 0.02 0.31 0.05 0.49 1.62 0.15
1.1~21 3.10 0.43 0.14 0.03 0.14 0.03 1.02 1.21 0.06
0.7~1.1 2.32 0.95 0.05 0.09 0.04 0.00 2.33 0.99 0.04
0.4~0.7 2.18 0.96 0.03 0.05 0.02 0.00 2.28 0.89 0.02
Total 38.28  3.06 2.45 0.29 2.26 0.38 7.76 9.71 2.67
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Table 14. Mass and ion concentrations depending on the particle size of airborne

particulate matter in Kosan site from August 5 to 10, 2001.

Concentration (zg/m®)

Size(ym)
Mass  NH,’ Na" K Ca* Mg” SO NO; CI
9.0 Up 6.89 0.00 1.52 0.06 0.10 0.18 0.30 0.34 2.63
5.8~9.0 4.32 0.01 1.02 0.05 0.08 0.12 0.21 0.39 1.53
47~58 2.23 0.05 0.42 0.03 0.04 0.05 0.10 0.24 0.51
3.3~4.7 3.52 0.00 0.78 0.04 0.06 0.09 0.19 0.49 0.95
21~33 1.88 0.01 0.46 0.04 0.04 0.06 0.20 0.36 0.42
11~21 5.80 0.27 0.34 0.08 0.02 0.03 1.01 0.15 0.16
0.7~1.1 3.12 0.76 0.04 0.09 0.03 0.00 1.81 0.05 0.00
0.4~0.7 412 0.62 0.01 0.09 0.01 0.00 1.20 0.05 0.00
Total 31.89 1.72 4.58 0.48 0.38 0.54 5.02 2.07 6.19

Table 15. Mass and ion concentrations depending on the particle size of airborne
particulate matter in Kosan site from August 10 to 15, 2001.
Concentration (zg/m®)

Size(ym)
Mass NH,’ Na' K Ca” Mg” SO NO;  CI
9.0 Up 5.80 0.01 0.70 0.04 0.05 0.08 0.14 0.20 1.08
58~9.0 3.29 0.01 0.55 0.03 0.04 0.07 0.11 0.29 0.75
47~58 2.61 0.05 0.18 0.00 0.01 0.01 0.05 0.17 0.20
3.3~4.7 2.46 0.01 0.37 0.02 0.02 0.04 0.09 0.35 0.35
21~33 2.37 0.01 0.25 0.02 0.01 0.03 0.08 0.30 0.18
11~21 2.08 0.02 0.12 0.02 0.01 0.02 0.17 0.14 0.02
0.7~1.1 2.42 0.18 0.02 0.04 0.01 0.00 0.40 0.05 0.01
0.4~0.7 1.35 0.35 0.00 0.03 0.00 0.00 0.58 0.04 0.00
Total 2237 0.63 2.19 0.20 0.14 0.25 1.60 1.53 2.59
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Figure 6. Comparison of sulfate concentrations depending on the particle size of
airborne particulate matter.
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Figure 7. Comparison of ammonium concentrations depending on the particle size of
airborne particulate matter.
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Figure 8. Comparison of nitrate concentrations depending on the particle size of
airborne particulate matter.
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Figure 9. Comparison of calcium concentrations depending on the particle size of
airborne particulate matter.
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Figure 10. Comparison of sodium concentrations depending on the particle size of
airborne particulate matter.
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Table 16. Rotated varimax factor matrix for PM25 components
during the period of 1997 to 2001.

Component Factor 1 Factor 2 Factor 3
NH, 0.955 -0.098 0.023
Na' 0.061 0.914 0.248
K+ 0.696 0.082 0.438

nss-Ca”’ 0.103 0.193 0.894
Mg* 0.166 0.653 0.626

nss-S0,~ 0.846 -0.059 0.313
NOs 0.751 0.142 -0.093
Cl -0.077 0.951 0.036

Eigen Value 3.3 24 0.8

Varimax % 41.8 29.4 10.3

Cumulative % 41.8 71.2 31.5

Table 17. Rotated varimax factor matrix for PMas components

in spring.
Component Factor 1 Factor 2 Factor 3
NH,' 0.970 -0.103 -0.071
Na’ 0.058 0.886 0.372
K+ 0.802 0.104 0.280
nss-Ca”’ 0.104 0.183 0.942
Mg*' 0.159 0.532 0.799
nss-S04~ 0.874 -0.104 0.238
NOs 0.786 0.139 -0.023
Cl -0.050 0.953 0.130
Eigen Value 3.5 2.6 0.8
Varimax % 43.8 32.2 10.1
Cumulative % 43.8 76.0 36.1
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Table 18. Rotated varimax factor matrix for PM2s components

in summer.

Component Factor 1 Factor 2 Factor 3

NH, -0.155 0.846 0.431

Na’ 0.911 -0.034 0.000

K+ 0.238 0.768 0.084

nss-Ca”' 0.340 0.054 0.700

Mg™ 0.830 0.256 0.102

nss-S0.* -0.022 0.929 0.089

NOs -0.154 0.304 0.789

Cl 0.906 -0.087 0.049

Eigen Value 2.9 2.5 0.9

Varimax % 36.2 30.8 10.8

Cumulative % 36.2 67.0 7.8

Table 19. Rotated varimax factor matrix for PM25 components

in fall.
Component Factor 1 Factor 2 Factor 3
NH4' 0.671 -0.089 0.569
Na' 0.162 0.937 -0.052
K+ 0.888 0.071 0.058
nss-Ca”’ 0.844 0.134 -0.071
Mg” 0.197 0.787 0.245
nss-S0s~ 0.899 0.031 0.332
NOs3 0.077 0.083 0.902
Cl -0.161 0.904 -0.065
Eigen Value 3.3 2.2 1.0
Varimax % 41.3 28.0 12.3
Cumulative % 41.3 69.3 31.6
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Table 20. Rotated varimax factor matrix for PM2s components

in winter.

Component Factor 1 Factor 2 Factor 3
NH,' 0.950 -0.046 -0.004
Na’ 0.133 0.942 0.064
K+ 0.799 0.134 0.344

nss-Ca”’ 0.176 0.089 0.945
Mg* 0.325 0.842 0.199

nss-SO;~ 0.952 0.072 0.092
NOs 0.579 0.138 0.403
Clr -0.206 0.941 -0.007

Eigen Value 3.6 2.3 0.9

Varimax % 45.1 28.4 10.8

Cumulative % 451 73.5 34.2
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<Abstract>

Composition and Pollution Characteristics of Airborne Fine

Particles (PMs5) Collected at Kosan Site in JeJu during 1997 - 2001

Kim, Woo-Jung
Major in Chemisty Education
Graduate School of Education, Cheju National University
Jeju, Korea

Supervised by professor Kang, Chang-Hee

The airborne fine particles have been collected with PM2s air sampler installed at
the Kosan measurement station, which is located at the western site of Jeju Island,
during the year of 1997 to 2001. The water—soluble components have been analyzed in
order to investigate the compositions and pollution characteristics of PMs5 fine particles.
The correlation coefficients(r) for the sum of the cation and anion equivalent
concentrations showed the value of 0973, so the reliability of analytical data has been
found in quite good satisfaction. The mean concentrations of each components during
the period of this study were in the order of SO > NH, >NOs >Na > K’ > Cl > Ca®
>Mg2+. The major components were SO427, NH, and NO;3, whose compositions were
58 %, 18 % and 10 % with the concentrations of 4.34 pg/m', 1.34 pg/m’, 0.79 pg/m’
respectively. From the results of seasonal comparison, most of components showed
higher concentrations in spring season, and especially Ca2+, NO; and SO

concentrations were increased as high as 2.8, 1.9 and 1.2 times respectively than the
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degree of Master of Education in August, 2002.
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annual mean concentrations of each component. The correlations of all components
showed that the NH)', SO, NOs, Na' and Cl were attributed to mainly (NH4)2SOs,
NH4NOs3 and NaCl in PM3s fine particles. In the comparison of concentrations depending
on the particle size, the most parts of SO+ and NH; were distributed in fine particles
below 2.1 ym size, but the Ca%, Na' and Cl showed relatively higher concentrations in
coarse particles above 2.1 gm size. From the investigation of the sea-salt enrichment
factor and the soil enrichment factor, the NHj', SO and NO; components were
thought to be introduced into the atmospheric particles through the other factors rather
than the sea-salt and soil sources. While, Na', ClI and Mg” were found to be
introduced mainly from the sea-salt, and Ca” and K were mainly from the soil
sources. Based on the investigation of emission sources classified by the factor analysis,
the PMgs5 fine particles in Kosan area are considered to be largely influenced by
anthropogenic sources, and next by sea salt sources and soil sources. From the
variations of concentrations as a function of wind direction, the most part of
components have shown higher concentrations notably in the northwest wind direction
rather than southeast wind direction. It means that the air pollutants emitted from the
continent could be introduced into the atmosphere of Jeju Island by long-range

transport.
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