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Summary

The purpose of this study was to measure the concentrations of the
trace elements and the water-soluble ions contained in PMI10 and to
estimate the contributions of emission sources in Cheju area.

For this purpose, the airborne particles were collected by cascade
impactors at two sampling sites of Site M and Site U during the 6 months
from Sep. 1999 to Febh. 2000. Twenty two elements and 10 major ionic
species were analyzed. For the source apportionment in Cheju area based on
these data analyzed, the CMB(chemical mass balance) model was adapted in
this study.

The range of PMI10 concentration was 8634256 ug/m' at Site M and
134~45.86 ug/m' at Site U, respectively. The concentrations of PMI0
particles at both sites were greatly fluctuated.

The concentrations of NHs and Na' for cation, and SO, Cl and NOs
for anion were higher than any other cation or anion species. In order to
evaluate the effect of sea salt on the chemical constituents of PMI10
particles, the normalized mass concentration of each ionic species to Na'
was calculated. It could be shown that over 90 % of S04 species in the
fine particles was attributed to the non-sea salt, while the other
water—-soluble species were affected by the sea salt and non-sea salt at the
same time, This result implies that a large fraction of S04 species within
the fine particles results from the anthropogenic sources.

The contents of trace elements were extremely low in the PM10 particles.
Among these elements analyzed in this study, S was greatly contained in
the fine particles. The average concentration of S was 9044 ug/m' at Site
M and 12673 pg/m' at Site U, respectively. In coarse particles, Na and Si
were the highest species. This indicates the chemical constitutes of the

coarse particles were attributed to the soil sea salt origins.



From the results of the source apportionment based on the test of the
CMB model, the order of the average source contribution is as follow;

In the fine particles, Diesel vehicles(36%), Ammonium sulfate(22%3),
External combustion of light 0il(17%), Marin(8%) at Site M, and Diesel
vehicles(28%), Ammonium sulfate(26%), External combustion of light
0il(25%), Gasoline vehicles(6%6) at Site U.

In the coarse particle, Diesel vehicles(47%), Marin(21%), Soil dust(13%),
External combustion of heavy oil(6%) at Site M, and Diesel vehicles(31%),
Marin(28%), Soil dust(28%), External combustion of heavy 0il(4%) at Site
U. It can be shown that the chemical constituents of the coarse particles

are affected by the local sources.



715 vAdAY FEo P v 4F A9 S JHH o Rt
a3 4%E AFH ghe FHL vAdA e B¥E WA @ ESHAAN di§ F
a3t} ol W girledEAY g FHHEHE A 2L94Y FARLH
A2y FHARELE FEHAY, 1 F 249¥Y FAHARLRA EAR I (dispersion
model)2 th7]9] o] F, A, wiEe] @I Wstel FHE HAFSH(simulate) ¥
A HHEo st @YY AL JEF3fed HLHUCT wEA, EARd
S 299y IAGE oG FH AlEE 9 (Thurston and Lioy, 1987), th
%3 e gde st Rr]eFdEdY FRAAAMY AFE S350 At &
HE W&, 7134, AP5H0] dH(g R ALEHUTY A5, o)z Wy
S 7 ¥yt X gl op¥ste v1dEd 2 B J¥ExAL 189¥ #
8lg Wy ol fugitive process emission® WA ZHE 9 7% E X E A
2 @7 WEe FARdo] FFav} sdvivts RAAA o A ES FA
7} =%,

olglgt BARd @AN 2 FFH W drledEAY §HVE BE &
AE& AT ANELE 71T YA FAFRAZA 82 9 (receptor model)
olgbe MEE EF7F ALHJY. FEEDLS FLAHNA EAH dojzEq
583 FA6], 4AA7], dAFH, =W Fo B 548 2999
549 #¥AA O FEA-Y 9% AT L99E FHANE 2o,

A AHEEA FEELL HAAH W, 3ty Wy, B8 WygoR Fiy
=, 34 4dd oA YL L Az o njAYgate 27], 24, g
ol % g ARE A& 4 AdolAM "y 29 BAL B HelM A
B AHE 2 dov 7] vAda ey EFUENM o FAHZRY ¥
AR=E AT & s dHo) kA F, 1992, A, 1993). 281, 33A u
HZF A Chemical Mass Balance(CMB)E 92 t]7] u]lAAdztel 583 =8
Haze &2 A7 RE 9FYe] 7od A% #1 g AN Ha



Asde WEL o433t T 2¥de 7IdEE AEdE WY oltHWatson,
1984).

olg]g CMBRH ALL 1987d 79 W FM FR{EI(TSP)Y 71 &
A stz PMI0o] e 7|Eo2 AgHAA PMIOY tid CMBe H&o] ui¢
Zye NgelH Be AFAE o8 £38= At Cheng 5(1989)% 19739 o
g9 94€A 0 CMBE A48 dFoAE old A7dAM mo &2 397 ¥4
o] Mg EURE EY #Y Ad, o4, 247, A5 EELT 6719
S i J9EE ARG ol& HIH FASE dE LFUEE FHt
o NEYLE AHEEE il v AZYLE AL olHE WYL
EAH7]e] e CMB 4822 Hgojr AFEAhe} 2 dYAtole] HAHAE
olsfstedl HLHUY e m, Sheff F(1990) 71=9 YAFEH A &
49 FRAAT7 TSPF4 o)A RP(Respirable Particle)$t #Hag Jd75 HA3}
7] ANFsAed, 19879 AEF<L otelu] FAHRA A RPe Wistq CMBE A
43 Z3 RPY 299 oA FHEA R FE£& Bel T dE
AbA g #9E . £ Kronborg 5(1987)2 1983We] ZAstzAA 5748 A
FEARAY EHY TSPE o439 2449 F4¢) dEd A7 E 5Tt

Tl M= A F(1992)0] thAAA, H F(1990)L FUARE dFeZ o
71 A AYEAY LAY EE AFHoE FHNALH, FAA AGg= FH
(199009 A7olA -8 viete g gyl £ 54& & ¢ Uk o
o} o] Fuie] HEAl AFH dy] FADA HH s TAEAAAN
T odY YL ol 4% 299 8F AES FREHoRZ o] Fo ZHARL o}
A2 AAZAGY] AFAGANN g SPLHE o] &g tiy] MAYAe] 2
dd 71AE FA e B AFAMEHZE gt

2 dFaAE AFAYG dqr1F vAdAY v28 FAHsn 84 A8
nFYeAL AEES EMES nAdRe] 29T} RYEAHS AHHEGY o
B QEEN A8E EdZ CMBEYS o435 ti7] vAdxte ed9& A
FHoz Fystuzt vk



Io. o] &3 w7

1. I2E83 29N 7Y

A gad d7ld #gE SN fAYAe] FE 9FE wAE 4
F 0d9e ANHoZ Wrilste WYHoaA dr|oY9Ed 2dd ey
A 29 FARAHG AR FHAEEE FEESG

2% 29y FARYEAN BARYE 5T o9 wELEe upgd
9% F4429e YJHAAER §9 FEAdAY 2gd¥ ¥ AdFuYH
(Thurston %, 1987). ¥ & ARG S S o] dF%E A/ & + e
AAEE 7t glov 7143 dAste d7] $9 B33 FEHHHA E5A
€ AAIRA BEA E F V] @ Ao oigk A Est EAV HET g
(A &, 1993).

A, AA Y FARdzAMe £ERYE FEAGM 24EAY 54 9
¥ FE odUe NAEE Hrkste Aol &R Jted L9EHC] A BE
AEE FEEDY o] &8 4 glow, o] AudE LAEAY AV, BE, A7F,
PAELE 9 B9 BN 29ER YR BN T & 38y 54 %
$E, A 30 BARS 52 X o9 e EAY giRrEL 29eAd
o Qe o8 4 glon, £3d i 2dH9Y J9EFE FFHoZ HU}
g gy FARER 22 FENSd gl 53], £E4EEL V)Y R 24
9 AR P Aol duiHez @ Yoy, F235 HouA ¥& HA
SAdd g FA FRE dold F U= T HL AHE M QoA 53
g BEG YRR qA EAgE e JdE AR F9 5 Bol
g89o2n v} Fig. 12 299 H7hd S vnd Ao=zA z B |
A& 29o2 e



Source impact assesment method

Dispersion model Receptor model
Emission inventory Filter analysis
+ +
Dispersion model Receptor model
i l
Impactor at receptor Source contribution

Fig. 1. Schematic comparison of source assessment methods.



2-1. #4We] BAHA

T&2e AN BENE LHdEH] EHLY HHE o] §3ld VAEE
FR%E FEEDE Miler 5(1972)9 &8 8189442 (chemical element
balance ; CEB)E 4] HEo2 MY olF AW &4 ¢ EN7|xA¢ A FH
9 By, #aow o B AFE &% HAS &xu gl #HA s 7o
AHEER Qe pEEEY HIEUWE A wylez  Eha ey
(chemical mass balance ; CMB)#} T} 8 AW (multivariate analysis) 592
A FEEd PYHo] Hu vt

I FENHE e WiEAg7 BG4 AY, 299 744 E 1 (source
profile)7} A8t & wf, At hr)A g4 A HPuviozn ohde] 838
A 2E BATHYLE Y 4 Ao Wholdh ol g W F2 AR
A (factor analysis)¥ FAd %4 % (principal component analysis)e] ©]-&5 3t
A=), Alpart®} Hopke(1980)% E=A|EX9 2999 o], Hopke &(1980)&
E2AM B3 299 A7 QARAYEE ol fstAoy, A% EoME
Mere] BEZE ZAsted AR P& o83 v AvH(Roscoe and Hopke,
1980). Eg QQAEA ML Adl”](Nitta 5, 1983) ¥5t ol BlE4e 2d4
%ot (Bridgeman, 1992)o] A& & 5 vtddtA AEHJAT a3 &4 9
F& MR L99S 2E Ao AR FALEY F9 JAFEN
He olgdldq 29499 8 FA}L 29¥ ARE 42 F A% (F 5,
1995). o83 HHFEMYP L £ SAYS TP AY LdFEe AL
vietatEd ZRA o] &5o] gto vhEgEAdHY - E EAELE 299
FEE AFYE T vk A A= At ol FAFE HA] Y
o oz fy] PAYgAte e dY V9 EE AFH ez Yig F e H
AFFAY(CMBIe] AN E o, o] W A AMAHeE 714 ZHA
o &= vt



CMBZY< #H%=Z Hidy, Friedlander, Kneip %(1972)3 Winchester,
Nifong(1971)e] &8} A=A}, ALdE 2 LG9t BALE Fte 383
gt H2SUUAT,  Friedlander(1973)= CMB2l¢]  OWLS3IH(Ordinary
weighted least squares)® =431, o|Aos ©d FeFo|gls Az
€y, 249 719%e 844 e 33 24 I Maryland WEHe)
Gordon¥rAle o] W) x&4 A4 d#dEe UHE o Wioew, CMBEH
of M ALgAL 71Fe) AxEolrt 19799 HZE Watsond| 3 Z=2a¢%
HAvh 2 F @ AgxAEe] FHEN ASHoE A A4 CMB7
o] &8 Hx Ut

CMBE Y-S o] &g dFAldle Bde] /MY @ olF FF3 &4 B
WA gAsgEY "4 CMBE o] 4% A7E YAGEZAY wiEd £ oY
o ¥4 F7]@2(volatile organic carbon), 3 E A (air toxic), A&+ L9,
A BEE, 7t LHEAY WEY £ 59 EolE o vk (EPA,
1990).

2-2. ¥ EEEY FFH

F&E29L AA A7 A (microscopic), &2 (physical), & &4 (chemical)®H]

o7 EFET HAZH wye dAav], gH°, 472 59 BE4E& =AEE A
@) (particle identification)& & A F7A de] AlEEHo|z & Aoz 3§

H(optical)®¥4], SEM(scanning electron microscopic)® SEM-XRF(X-ray
fluorescence)'$2 o] o 7)o &&o, FeA wAof ¢ A7 FAFE § B
A AAE ol & Y oRN YR AVZ HA 1~2 mold Hojof dn, 4
Aoz e HHXY vigo AlgiXe 7 wAAZ|} 24 4§ SEM
WA 62 AL Z7)9 A F 1 meldte YA dEiME 240 stEdt
T Aol AT, v AA AN E Hgo] /s, 12, SEM-XRFE Y2
27], YAGH, S THAAES ENY ¢ vk A Q& F F FE BN
Hod &89 AL AT A 433 @S vkl E7] wid A&l A
= 3 gl AEel



93 dyde ZAARA(crystalline component)?] AF FE ALEHE
XA BAY(X-ray diffraction method)® #A#] <4(long range transport)®
FAE W] WAYRAY FE AAsed ASHAR R e HE&M(trajectory
analysis) 3% Zt &2 do] /A1 Q& DL BEEH7] 98 AHAY &
249 7Y 2 BARYY /P& AR EFANA A& EFED(hybrid
model)e] o] 7]¢] &gttt XRD e A AAAE 712 QA o] hal 2HH
A AFE ¥ F AvhE FAo] don, #UE, AdYAY 2e v HAA o
2o g Ao ErMgdvs ¢ dEd FE Uzl i@ 2947y
= RS 8 98 AgEHL gtk adn, AEEEL FAY a4 #d
¥ UAYgAe) S9E BgAHeR FHY ¢ Jo SHLEYAd U A=
AL B, EFEdY AeE BARd L8RP dHE HEddo
2% PN ZdHEA 2] P A= Gl Arh

oleldt AAA WA F2AH YdE BE AN PAdA A dxg2
7], 24, duF B UL JEE AL F QX tr|edEAE vetd
el 42 AHE 2 o d7] gAY AR BEFYEAAM o= &4
#e FAEEE AT £ = Aol At

wEl, H2 7 ®ol AlRHE o R ety gL o g3 4
29 vy Zhzhe] zlolHurts fAMdCl AY A AR ez Fokx] @
Aoz vpyo] Tfox] on gt o F s W] A8 A YJHE A
Bal7] A& 74 AdHd dis Hdig APEAHFE AVEEZA oddY VHdEE
EARse ohuF Wiloln, & v st & A9 dFd £3E 4 F &§8F
o PHE dY3y] Y8 HUE LHEES A 2NN 22N 294Y 7|H
TE FA%E AFFAFSLACMB) 2ot $4 Uy AU LddAR
of g Aol EFRF, AABA de A ALEE A2 APHe
2 299e dFde YoM ArAYd 2dYUY JFqFE &Y 5 Jder}
Be A7t dasiy, edde 49e A¥E ¥ ¢ givh vy, CMBREH S
249 FAAEV (source profiles)E ZtFojoF 3= A Fxo] ot HA A
B A% AFHI 2949 JAEE AAFE F Jow, BHRUNE Hrs
o 4% ¢ Udvke FHol At



olgi gt A WHd &= F8 HIEWALE FFHA T (enrichment factor),
AAE X9 (time series analysis), TIAID #2919 (spatial series analysis)¥
W o &8t FHATE o) 8F AR WYt ADEY, oA} TN
Wsto) o 29¥e J%E HAAY ¢ QAR ¥ FFAHQ WyorA 29y
TR e ZAAE ZAE7 Fasith, a6 vE AAE FAYNE 294
o oigh I3 FRE AT, st dgd @ ople AR Adsvs

Aol ot gty on 5 AP J|HE -'%’Hfl’ lﬁ%% A-E38A F3t
Y, FIAE THRE AY Ak F - dH@E MR



3.0 2

3-1. CMBR ¥ 9] &

CMBAIA 48 A (receptor)o A ¢] F LHEAL 0HY FAAENYG 294
7l xEel #F9 ez BFHYHFriedlander, 1973; Cooper and Watson, 1980;
Gordon, 1980, 1988, Watson, 1984, Watson et al, 1984; 1990; 1991; Hidy and
Venkataraman, 1996).

o] nde] 7|EHQ /14L& EA KA (mass conservation)ol™, 2 pre]
Aol EAE, A MEUNY BAY AA, 2271 A FEg]
Qotd, 2d FEAdA SHE F LAEAMEL EE Y 2G99 71y
E(Spe FozA A3 o] A Thurston and Lioy, 1987).

=3 s, 1

HRVMA R doj2E ARIGHAEA, EUHEAY) o d¥ FE G 4E&H
Zol RHHET}

CFZ‘aﬁfij S; (2)

AZNA fie 299 MELAM i RS 2= 9] 299 VIdxe] AgE S
o|3, ayE LPAH FEAAolA i FEE &0}

HAZ 22 Yue egde2REY LHEATS TE2 Evbedich 1
AjE T4 299y od FRE B HEEE (ep)E L4949 FH, A, Al
Zvoll whe} da2w, g FE&AA] d7)FeAN LAZEALEY & B2
G40 A3E 4E3r.



o9 TFIA HQT BEHY AT BRI NEE Fe #4748 F
AW N gp=10012n AR AT ARHeT FEA@)AN | HEE 7
A jedd dne dREas <w a0 292 4% Yo BAL

Ci= Z‘ a5 S;(i=1,2,........ w3

A2 3)9 o= ndl dist AdggA A, ABAA ay aifelth

T n2pd W, F A)AFI $FAY FRO AAY g 9 A3 FEA
GA AA dEA oiFd p 2EY VIAEE F F UAvt (Henry, 1984;
Thurston and Lioy, 1987).

3-2. CMBe}] &4

CMB4-g& E7198 AgsHE sl 1) &4 2998 357 9% vy 3
8tE2 FHE A & W (trace solution, Miller &, 1972) 2) A3 Zz22¢d" &
H(linear programming solution, Hougland, 1973) 3) 7}% &2 A% % (ordinary
weighted least squares, Friedlander, 1973; Gartrell and Friedlander, 1975 4) &
#37] 7teaaxeH(ridge regression weighted least squares, Williamson
and DuBose, 1983) 5) ## 3242} W (partial least squares, Larson and Vong,
1989;Vong &, 1988) 6) frA®-At 3 Aaxt5 4 (effective variance weighted least
squares, Watson %, 1984) 5°] Ut HFAE LA HA A% (effective variance
weighted least squares)2 7 94 (trace species) ¥7 ofel R E 383 5
AL ZEH 0T ol g3 Ur]d Fie odY FAYEYY 2AE £ 249
A 71Ey EHAANE B d&ste § 2 HA olfE FEEN A4
& AHRE7IE sted, o ZIW-e A¥sta AsIH e vrE H]4d-8-3 o]
A Britt9} Luecke(1973)& ¥tz HAA4H L AL,

H2ASHUE G FAAYL ay= 10 714 9 §9 RddFo2RH Al
Ci® &R ALe] Ao AFHE HAHFEIR 59 &FAd i HrAs 3
HAEAE AREEr

- 10 -



Aastss 2de n#EY, A9 o] xEATL

2
S %; > 0

A7IM gaE nAE A7 HEFERZY dF EAH 715 A o] (Thurston
and Lioy, 1987). o] @& FA€ SS9 AJZEE Fol7] 93 ¥Pg Fd G
£42 ET4L4AE &3 ¢ e FHL 2=v) (Henry, 1984)

3-3. CMBE 49} 7I4

2de) ALe @A FFE vNE BE WMEE aRHeR OE F QU
fEe 4 WrEEzte] 4s BAAEE dostd Addde] AAE FTHI)
A o] Fo] Aok ot Bl AN FAN F R AY MFE A A
Hol A ¢ glov wWas mdo Fo| HAd glold Be /AL sray 4
A ZAQEYH gL Aols I mEtM 2dgdag dAAlely Holg &
o}7} & 2o Mol Wasdt XA FAgle] B glvl,

CMBREYE Ffsted 1ol vhEa 28 B/ Ad &, © 7198 2
A 98 el (source types)E 91, @ 38F(chemical species) £ AAMd A F 3§
g oE i MY @ 7 299 e FEHEELEY 45 @ W
LHEAFTESY 299 FHAENAAN EFUAY dF, @ HFAFFAY
Mgy Fo] 8 TP (Fujita, 1998).

ol¢} 22 BAE AXH CMBE FHHEd gz 2L 71Ase o Fe 3
o},

O 29EA WMENTY LFEA ABZAH T BAY] LPgE W& ER
8] FAHE YA,

@ BEFEd N2 FEwrge o

® T &Al(receptor)?] 713lE 2E FAH 294 FAH3, WEEAE
2 A glejet wr},

_11_



@ 299 # & 299 FHelnE e 85 TR AAY Ao

® 2dY ZRAYL AME MY SyFe,

® 234X 2844 T8, N2 FRBA7 Qo ATEEE RE
=

olf g A ES HE3ed UM LU FRAGN ERHE AN B
A Ft2y B go] & o A4 XY JMAEL AFEH Ao
o, A FFe AAAHoT @A & TR vk I E CMBEEL °]5 H
s RERTIdE 4R ved BEEAAS JMFEAAYE EFE3 ©E Tt
HoRFE LAZteH HAE £EE ¢ A (Watson, 1979; Gordon 5, 1981;
Henry, 1982, 1992; Currie ¥, 1984; Javitz T, 1984; deCesar %, 1985, 1986;
Javitz and Watson, 1986; Lowenthal &, 1987, 1988a, 1988b, 1988c, 1992, 1994,
Javitz &, 1988a, 1988h; Cheng and Hopke, 1989; Kim and Henry, 1989).

- 12 -



M A3 2 4y

1. PMI0 A|R X

AFAE PMI0Y 299E FH&7] A% ARAFAFL Fig 2 oM Ee
ulopgho] AFA] AYF(ES 33 31" FA4126 °32' )l A& AFAL 713
574 (Site M) AFA olgts AFdEn BE $43(Site U)oz A3 AT
Site M& AlUFA7I YA st 2ol wizlsbze] ofF ANEH edH} HFF
300 m AA vk} A AGH R A AIYAE BTl A

= AYo|n, Site U e 300 mY F4zt A2 A #toA 7 kmold @
oA Qlow Fwo| Agoz EHEA AU AFoloh

Ng AHE 19999 9 FE 2000 2¥°7kA] 534 HAH o] FojH o, w3
Az QAL 99elM 149 Fos 94 ¥ AoH, Table 14 A5 A
#}Z2Ag et

Eodgd AHSE TAYgAY ERARE GaAEEH7)(8 stage non-
viable cascade impactor)® #%°] ICFMe] #AH:EZE At 28n T3+
T4 9 AAAQ 9% e, AP e Ggo=RH filter holder
g 13587 Y98 EF7) = shelterd] AANA AAGG (Seo, 1992).

v A 7% Fig 3914 B dlg o] B f7Hoa FU1E Y
W F7] 59 JAEL A7|HR 4 99 A4 2RHEY, 23719 08L& F
71983 A7 0] 9.0~10 m, 1H-E 58~9.0 m, 292 4758 mm, 3T 3.3~47
um, 492 21~3.3 im, 592 1L.1~21 m, 6L 066~1.1 mm, 7 043~0.65
WA 2Ng 7H A7 2R, 9bA % @]l backup filtersl] & 0.43 mo] &}
o %2 ARz THHAY, o] FA9 THAUE FH(streamlines) S wel 52
e YgAEe] 24 dxWd FESE £ A gEde FEHe] ®H 1, w4
Axle FAHd o8 wWE £E2 the dFHUOE o] F ¥} (Fig. 4).
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Fig. 2. The location of sampling site.

-14 -



Table 1. Sampling condition

. . Sample . . Sampling Filter
Sampling site Sampling Period | .
No. interval type
M1 09/30/99-10/09/99 | 9-day
- Cellulose
site M. M2 11/24/99-12/08/99 | 14-day
(Cheju Regioanal M3 12/09/99-12/23/99 | 14-day
Meteorological Office) | yrs | 01/19/00-02/02/00 | 14-day |Membrane
M5 02/02/00-02/16/00 | l4-day
Ul 09/30/99-10/09/99 | 9-day
Cellulose
U2 11/24/99-12/08/99 | 14-day
site U.
U3 12/09/99-12/23/99 | 14-day
(Cheju National University)
U4 01/19/00-02/02/00 | 14-day |Membrane
U5 02/02/00-02/16/00 | 14-day

nAYAE EAT Fde E3VE 2R APEFAN HAYLAR &0 F
ZA2YGA 4AE Al A Al A wgst .

NBEHE 98 AHSE A= 13 ~23]9) NucleporeAt©l 27 81 mm, pore
size 0.45 mm<) cellulose filterE AF&3t1 o™, 338 ~538&= #& A AF9
27 80 mm, pore size 1.0 y/m?) membrane filterg A}&3 A d 7)o A}
48 F 94 vFdLs) o4 EE BNY o 492 AA 9 blank FE
7} drbe Aol & FHeld.
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2. AlR9| ®A™z

YA EHY A= F71984 2 A (aerodynamic diameter)©] 2.1 im¥.
g 2 JaAE YA coarse particle)2 2.1 molde] LAE v} A Y AHfine
particle) 2+ 2FOoR Fidd & F AAY Hoen, I dHR FASA
128 Ao WZ e ujHFYL: B48 A8, iz 9Ee 44 Fole, &
o] EANE& ANREZ o438 Y HHarrison, 1997). F44 ol2A4E AYE AR
A g gdwA Adda 50m 2o FFTAAM 643 F9 ALFE §EF4E
0.45 gm membrane syringe filter®} FAIZ[E Al&5t] AE & Fol i Zo]2
T4 Ag2 o)&3}H (Fig. 4).

v Eds BEMNE A% A BEe] 28 Adsty Fgxdd Pn F
srASE AL 16mes} 1194 0t E Jhate] BRFWZZE KAEe 1L5AI3E Bt
Fa&YNA Festdd. % & A8+ 045 /m membrane syringe filter$} FA}
71& AHEEY EES AW F Adg 100me §FEerad ol ¥ME
A (Fig. 5).

ojuf HMAulg Alge] HHE7]= Nalgenerld] Zaloldall £7]0] Yo 84
g wi7tA] el ggoz dRstd YARw s

3. AIRQ| B4

a7 d438 EMFEL AFAHY Fa o7] LgHdA WEHE
4e3 CMBEE 9 3o A{FS nejstd ¢844 100, viFds 208 F
2708 AES HdAsHE o™, EPA source profilesdll X F5 9 AEF AJYES
o] 02 AL FTR3AA W vFY JEe AYsdon, B47)7)9 HEFHA
& e h

vAFEE EMYULS Table 29 2on, ¢844 Fo]& AEF NHS9Y £4
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Filter paper

A

Cutting

-

Add distilled water (50mé)

|

Shaker (6hr)

|

Filtration
(Membrane
filter, @ =0.45m)

UV/Vis
NH4'

IC AAS
Anions Cations

|

Add mixing solution
(1:1 HCI 70m¢/HNOQO3z 15mé)

Refluxing (1.5hr)

Filtration
(Membrane filter, @ =0.45/m)

ICP
Elements

Fig. 5. Preparation procedure for water soluble ions and elements.

Table 2. Analytical method used in this study

. ) Instrument
Species Analytical method
Model
Na, Mg, 5i, S, Ca, Ti, V, .
Ind ly Coupled Pl
Mn, Fe, Cu, Zn, Cr, Ba, | "o cuvel (I;I))e aSMa 1 RIS
Pb, P, Al, K, Ni, Cd, Mo, Advantage
Sr, Co
Soluble Cati UV/VIS Spectrophot; tr
ou+ e Cation pectrophotomefry UV84ss
NHa4 (Indophenol Blue Method)
Soluble Anions Ion Chromatography DIONEX
CI', SO/, F, Br’, NOs (IC) DX-500
Soluble Cati Atomic Ab ti
oluble Cations omic sorption AA-GTOLF

Ca”, Na', K’, Mg”

Spectrophotometry (AAS)
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£ & grol o] &g AolPdiate FES FHEH g AHE
EHZ9 AL 630molA UV/VisZ NHy'9 %& AFEAsch o Az
A Ao A4E EFAe BEE [NH.] = 01, 0.3, 05, 1.0, 30, 50, 7.0 mg/ £
24 7 AP YAEE 59 HYE s ARZSEEZN GFF 2
98 +e3nR Uk F44 Lol HEL CI, SOF, F, Br, NOs 59
Za% 50 FEo it AP AEL YL lon Chromatography(IC)H L.
2 FAd &A% 1A dHey, FeFe] F, Br §9 A&EH /M4 BS ¢S
BAE NOy, SO 9 vafe W FE7k 208 o] Rolrt e A= 3o
T RFE U] AREEHE Y AMA 2HFE ANBY =75 mg/ L els
d AFEA A A AHgH EE899 vEE [F] = 005 05, 1.0, 50
mg/ £, [CI] = 05, 15, 25, 50 mg/ ¢, [Br] = 005, 05, 1.0, 50 mg/ £, [NOs =
05, 1.5, 25, 50 mg/ 2, [SOL = 05, 1.5, 25, 5.0 me/ £ o™, T ¥-F2ZH A
859 FE/ 5 mg/LoldE 4% AHY JAEE nFEst A9 WE a9
Bx WEEZ [CI] =5, 15, 25 mg/¢, [NOs1 = 5, 15, 25 mg/ £, [SOS] = 5, 15,
25 mg/ 09 AN HFHe AYsd AR wEE AFsAH.

agla, vEFYAE BME7] $8 EF EFEAL AMdsidoew, EF BT
9 FEF 001, 01, 1.0 mg/ Lotk &MA] EF EFENS A type, B typel 2
Wiro] 2zt AR B5E AR, A typelZFE Ba, Ca, Cr, K, Mo, Co,
Na, P, Si, Ti, V, Zn9 A& X323, B typee 2% Al, Cd, Cu, Fe, Mg,
Mn, Ni, Pb, S, Sr&] A48 4849,
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v, 23 % u#

l..
il

1. PMIO0 SEEXZAY

ABY &AL 19999 9¥ 309FE 20008 2¥€ 16U7kRA 9¥elA 149 4
oz o)FojHen, AR XIL AFAW EHAN AAFT AFAW)ZE
(Site M)# FR&ZH 0] APog Eoised AFegu(Site U)oA o] Fojzr,

Site Mol A #4713 &< PMIOS=(YA ] 10 mR v} & 7]F FHdA
9 FE)HYE 863~4256 wg/moeE HT 2701 pg/m (SD = 12352 Vel
o Site UellAl PMI0 =8 134~4586 pg/meE B 2838 pg/m' (SD
= 13.02)2 etk o] AIe fEive dr|8AE AAEE F PMIOVIE
A 80 pg/mol B E MAE $£Eo2 70(1999)0 o Rug AFA o]
%59 1996w, 1997, 1998 2] I PMI0F % 389 pg/m’, 33.2 ug/m', 35.6
pg/met Ml AF#E BYew, o] A2 E W okH7A AFAY dr]Ho
PM102.2 13 dizlege] A YA &S & 4 vk ol AHEL
A& AN, 1999)e] AP PM10S =7 963 =0 72 pg/m’, 97 %) 68 pg/m' <)
A v o AFA PMIOEEE DEA] A G bz o @3S AoF
L ERR ).

Figure 63} Fig7< &AXd¥ PMI0s =Y B¥E A 21 mBd ZFL
o] 4] ¢ AHfine particle)et Y73 ¢] 21 mEtt 2 29 A} (coarse particle) & &
o 2AA9E Ve, 9714 PMI0 352X E AW R, Site MollAl 04
dAret =ddAte] =W AE Zhzh 358~1956 pg/m & 505~27.78 ug/m
site Ul ¥ 7.37~2374 pg/m 9t 567~27.12 pg/m2A F AH BF B2 W
ol A Jehvn &S ¢ F Avh 283 A AYgAd A =gy
Bl(C/F¥))E& KH, Site M3 Site UollA 2+2} 057~1.88, 0.36~1.45 ¥ 9 & V&
Wom, Site MO BT C/FHIE 1042 A ZddA7 PMI0EE A
AA sk vl A9 ulxd FEY vlF Site UM E mlAYA7E 2dY
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c.{ug/m)

PM10 Con

60.0

Bfine( < 2.1m)
Bcoarse(2.1-10um)

450 r

30.0 r

15.0 r

0.0

Fig. 6. PM10 concentrations at Site M.

Lug/m}

PM10 Conc

60.0
Afine( < 2.1m)

B coarse(2.1—10m)
45.0 | [

30.0 1

15.0

0.0

Fig. 7. PM10 concentrations at Site U.
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AR PMI0¥EAA A sHE v &o] tha A veive Z%E$ BUATh

TE, B A7dA 238 nAYgAe] FdEes Site M Site UM &2t
1326 pg/m', 1659 pg/m2A HAFA Y] AYF PM25EE (YA°) 25 my
&AL drFE BFEYAY BE) 4425 wg/m (7, 1998), HHAl FEx Y9
3697 pg/m (F, 1997), M&A AFTY 5256 pe/m (4, 199957 vy =
FUe e Agucies 84 2 Helx g 1997d EPACA di7lF el gAY
B4 ¥A7NELE AFA HAE PM25e AHTA 15 pg/m et FARE F
=& R Ydh(http://www.epa.gov/airs/criteria.html).

2. PM102| 318 =M 2N

CMBERY2A PM109] 2E4 7428 ¥€3% v JEA482A 2949 +4
AEN 9 58ty AFEAE AY YRS HEE Adgsie AL 29 Y
A3 AFHEE ¥olE W ofF TR, wWeA B AfeA wr=A] @ sfok
g Fe 2AHES Bty o8 AEEY dFHAHU 2949E¢ A4HeR ¢
obx7] $& PMI109| e 24 EA& FE4 oleAEH nFdi(trace
clement)E T2 9 vn HEYL

2-1. 84 oL =4

Z£34717HE¢t) AFF CARE ABE Ui FR FEA o)2AE
NH,', Na', K', Ca”, Mg” 59 ¥ol&3 SO, NOg, CI, F, Br ¥9 gol&
HES 249 ARE P42 FRed Y2 Fig. 8% Fig. 99 et
W gl

Figure 82 Site MolX &4 Fol27 84 Fol&9 FLEXE VA4
A9t 2Pz FESQ FF2AHuE JEIE Zojt}, o) =AHE By
A YRl e NHa'7F 23R8k vl o] 53%2 71 & "|FL 2R 3n Qe
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Mg2+
7%

Na+ A Ca2+
27% NHd+ 8} 14%
53% 5
Caz2+
6%
Mg2+
5%
fine coarse
<cations>
N Ci-
52%
7 NO3-
34%
<anions>

Fig. 8. Composition of water soluble ions in PM10 at Site M.
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W Na'el A H€L 27%<2Ad vlsled XUyt Na'el w=¥HA7%
0.3221~1.0981 weg/mEA HaFEAn 7} 67%=2 FA JEwd, olgA =dgat
94 Na'¢ FEHl&o ®A Yeue R vialdda AAe 271E 1~10
m=2 A3 olge Wr]FY ALASETH FAEEo] HIYA} whEEe YA
749l NaNO:9t NaSO0.E FAsted, o) W A48 4= 377 A2 3~4
mel WY E zt7] yFo|v}( Stoker and Seager, 1976; Yoshizumi and Asakuno,
1986)

g, 2ol AR 2 nAYgAel i SOL 53%, NOs 34%, Cl 13%
2 vehd g Zgidatl A C 51%, NOs 27%, SO& 20% &0 2 w4
AAe 2 QALY Lol AE ZAH = Fad HolE BHA

@4, Fig. 99 YEA Site Ul A9 84 o] 2419 ZAHE RY Ay
ZAu o g& tha AolE HolAWt MAA A gL Site M ALY AHAE
Hvh mAgArY] Fel& AE F NH.7F A stE 0 &L Ho 68%E A9
2/3014E AAsn len, =didAd e Na'7t AA e 58%2 7+ 2& 3
S AX 3= Aeg2 eyt £33 Site UdA L0l 3 EEZE 1A
A SOL 69%, NOs 26%, ClT 6% Site M ZAJH| ¢} 2e 7ge mel Wi
2 PAAME NOs 37%, Cl 28%, SOL 27%, Br 8%% Site M3te 238 ¢
A ol 24 &0 NOseolden, ¢4 o|2ARe ZAHE Audez Fe =4
2 »rh

YA Fol 2 ARF M B S AR Y NH) AE2 NHz9
A 94 SA Ao derd oz 7] F NHze F 2L Eges
EYF NH: 44 2egote 53 FHAWHAAN Al H e v 5o AL
e t7]F NHas e B2 938 v Aoz duid Udded, 1998 +,
1996). AtFH o2 wAE NHs 7H4=E 715 oA NOx, SOx, 44 ¥ & E (mist)
o} Wbg-3te] PAbatel NH4NO; NHHSOs, (NH)2S042 BAE™ 1 m o8¢
A Fe 2 EA ok (Nishikawa 5, 1991), o]21g #HL 7)1 &x 9 ¢
DA @A don, 710 & e 7taA AAdrate] whgol o & A3
HAg 7]&o] ol A4 wrgHPe] JrFEoE AYEHI| wFo] rle]
®e AgdEd NH 9 Hx7 nad gz gd2A Ak (Stelson F, 1979,
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<.cations>

Cl-
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5042- &
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Fig. 9. Composition of water soluble ions in PM10 at Site U.
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1982). ol&l & ol W&o r]go] ¥ 77 B¢ £HY B AFdA #A
A Fo NHi'o 4ul7t B4 dehd Reg gzar

W, nAYRe Lol Y F /M & uFE AR e SO AR
F8 A AAUEE T dxFdAdA &= 7tad SO7t Alzte] A
o wel gr1FA SO ¢ HelE AstsE A9AA A AATH wAHd
of 7ld# AR AdHAAel Ave AR I UAvHGordon, 1988;
Carmichael, 1997).

Nishikawa $(199)& #9719 SO 2H(ssS05) wisig719e  SOF
(nssSO4L )9 71 % Td&AS ol &3te] s

sS04 = 0.251Na’
nssSOL = SOL - 88504

o714, Na'$} SO& & BEA o5, 0251 3% % SO /Na' FEHE 2§
T olg e WHez AHE YU SO wErlAd SOL 9 g

Table 301 Yot FolA BE vish o] SO o dig YAt 7o @

Table 3. Contribution of sea salt to SO.° in PM10

site M site U
Component coarse fine coarse fine
S04 (ug/m’) 0.5022 2.7636 0.4877 3.8239
ss S04 0.2139 0.1240 0.1386 0.0862
nss S04~ 0.2883 2.6396 0.3491 3.7377
contribution of sea salt(%6)  42.6 45 284 2.3

2R F72 A vehton, 53 I AHET Site MAlA v4HHH
o] gL ] Wo] W= RAow vielyoh B uAYAtd e gz Hda vls
7)ol FEEAT, B3 97199 SOL 0 XA EE= H & Site M Site
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Ul A 2+t 45%, 23%°] Estn Bsdrldel SO v & 955%, 97.7%R
A AL 1AM A 79T AoE wARH, I F 4F dxAENA
HlEse SOt AdsHe] AHEE H&o] 7Y & d4deg2 AA4dHGao,
Cheng, and Hopke, 1994)

a8 3, NOs 9 A% vlAdAg Zddates o§ Fad 28-S 2A&1n
=, olHd Axe dir]Fe NOx7F 7120 W& AZedA Ad 7 F 7t
4 NHzsb w83te] QAo Apisst dojuAy siddaet whgste A4
H 17243 NaNOs9) g@ko] Bgxog 284380 NO; 9o H&o] & ALR A}
=R ke

AFAGe] Aeld 4L 2T W oY)Fel FHae AN 2d 24
e uaEY date e wol g Aoz dq4¥mz dy] B e
24 & setsty] AAE AAAA dFe AEHes AW Past Ao
PMIO %9 84 48 de fddate 932 Brar) Ao F2 58
¥ Na'ol tigt 35 EHE Table 49 vebsich,

Table 4. Mass concentration ratio of each ion species to Na' in PM10

(C/Cnatda

Species  (C/Cnar)s’ site M site U

coarse fine coarse fine
F - 0.010 - - -
Cl 18 1.490 1.345 0.942 0.834
NO; - 0.776 3.563 1.252 4167
S04~ 0.25 0.589 5.594 0.883 11.132
K’ 0.04 0.04 0.327 0.046 0.763
Ca” 0.04 0.216 0.215 0.316 0.273
Mg* 0.12 0.107 0.178 0.113 0.151
NH,' - 0.129 2.026 0.220 4.458

* (Ci/Cna+)s © mass concentration ratio of each ion to Na' in seawater data
from Zieman et al.(1995).

*%(Cy/Cna+)a © mass concentration ratio of each ion to Na' in aerosol.
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Table 4914 BW 2z} #8422 Na'el & AFFTu7) feFaxyd 2
FrouRd CI'E AYsne diE A Jehvde Aoz Hol PMIO T
£ ARE g v 719 S¢S TA LI UE ez Agd

AEEEE S0 AFEEH} A5 FodA AFEEu Tt o 24~4459
AT A Jehtes 9Ee] CIARS 05~084, Mg” A& 09~15, K'¢}
Ca”dBe AFrzule 1~199 HAE CI, Mg” 482 grE HIride
2 gegs, yrjx 4L g 7)1l FRel & v & AXde Re® 3
7tect,

a3 m, #Hgel FHE 84 o] ARTFT CIE Adstus vAYAd A9
AFFEnrt 2ddAdAe AFser] 2o R 2 d, o] AYZ B o f
A YAt w8 ZuigRbell wigt vt g e F&Fo] AA HAS & & Aok
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2-2. M EFALY 2HEA

R71 ol EAEE PMI0S 2984 Y £/ ot 55 a7 4HE 7t
A3 e, EFAX e} el gAsE A dAR 2o Yate] XL s
Ao HFEE FAZMN AAE7) fFo] thr]edel W NH%Ert ¥e W
ot 9, nAgas ddse] di, 2R wEste, g8Ede Az
B vt Bl gettgdd o s @ RoF TAAGY WX odE
Ao &g AT kA, 1993)

meta PM10FS] 84 ol 2% XAHENE 2dd A AY riEdie &
AE dopdte AL ZEqlEARE A8t AN L9Y TFAE =29
PAAA A AYAAAE AA37] WEo] vFdrdME 2 HEo wEEA
& AvE gayt glon, o#d B34 CMBERS o] &3 294 927
E PN 92 VAR oFdiy 2z AE U EHEAE EQR
o] Hg st

Table 5% PMI0 V3829 HFEEE AU Jelgon giie v
da7t SvFes YelgAY, o F 2z E BYvideldtn A
Al, Si, Ca, Ti, Fe 59 AEE(Chow, 1995)7 " AR ME FA&e) ulzA
@o] FEExe HolUow, B Ao AR 29Ud F8 FFYPREL
2 ZAEHUD. Table 58 4WEW Site MAA vlAgate} iAo A9
g LrE 424 S>Na>K>Si>Ca>Fe, Na>Si>S> Ca>Fe>K £22 UEhge
T, Site Ul A& S>Na>K>Si>Ca>Al, Na>Si>S> Ca>Fe>K #£22 et 3
TExe Aolg v YA FEEXE FFS A FAEA JEigtth £3 v
AQAANA B Y P FLAFT =7 713 BA JeEld 8L SoE JEF
L= Site M3 Site UellA 42} 9044 ng/m', 12673 ng/mo.2, ol T
PM2.1¢] 68%, 7.6%°] sH2Ect % H2E FuUe Ao nlwstd, A
FAAGAA TSP7IE & 2367 ng/m' (A, 1992), PM257|F 2.2 354 11358
ng/m (7, 1998).2 gz nj$ 2 Xo]E Holm o, 9T 0Pz
°] PM25¢% v]ilstd Santiago 2100 ng/m' (Rojas &, 1989), Boston 1840 ng/m'
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Table 5, Average element concentration in PM10 (ng/m')

site M site U
Species
fine coarse fine coarse
P 236 259 17.4 166
5 904.4 21561 1267.3 195.3
152.9 130.2 1838 81.4
Ca 129.7 2146 86.5 181.8
Mg 50.5 106.7 405 724
Ba 6.6 16.7 8.4 19.9
Cd 0.3 11 0.4 0.1
Ti 1.7 103 28 3.8
\Y% 11.7 1.0 1.8 17.3
Cr 290 389 141 338
Mn 13.9 26 111 15.6
Fe 1228 214 56.2 137.9
Ni 4.3 6.3 4.0 58
Cu 3.7 45 41 33
Zn 32.3 30.2 38.3 183
Al 31.1 1193 56.6 81.3
Si 1479 306.7 155.7 229.2
Pb 132 6.3 177 9.1
Sr 1.1 2.4 1.2 15
Mo 75 9.0 48 6.7
Co 0.7 0.9 0.6 0.8
Na 2106 695.4 258.6 419.9
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(Thurston %, 1985), Tokyo 1668 ng/m' (Nitta %, 1994)2 &2 ZAHZ T A
go] ¥EE 243 ¥ ol old HE vFAHol ALH FAHVIN T AH
A9y Ygg ¥u ASE AT + Utk

T3 2UdAME MY 2L ¥EE JERE vFd47 Nao2A Site M
3} Site UM Na9l 5 EE 247 694 ng/m, 4199 ng/m' 2.2 Yetktct. o]
g A% dFE A BA ¥ A9 Fxo vmEd, FFA9 95.3 ng/m',
WAA FAAY 1893 ng/m ez AFA Qe NaFLs Ho 7d] o]d ®& ¥
E2H Alde) updE ZeAl AY 544 didel g e A He v @
o] Wi &S & F U

ZU YAl Na o2 5& FE 44T SiTA, Sie EY7149 4o
o, Eoku]dtolu} EAIA G B AFA LYo AT RRUAM Y EYIE
UHF BAS 7Y, AFA Y SixEs Site M# Site Ul 2+2F 306.7 ng/
m, 2292 ng/me.E et e s Boston®] 1021 ng/m’, Tokyo? 583 ng/m'el] H]
B Fe o Mot EFF =2 AR AW 24ge] ¥ Aex #Addn
Figure 103} Fig. 112 Site M3} Site UellA AFH T 242l PMI0 A5 F
FEE v HdAY FRuE AAEE 24T Aot Site MAlM = SAE
oGz Fef 2 wA VERI glen] Nast SIAES U4 dege g&
7 vlnd ge #olglrh Site UdAME vl<d AL Bolm Qe d, 53 1
ol &AE ARAM Na, SRS 7I9E7t 7 £2 Aoz Yeyn of¥
A AEYAY] Fgog FHHE Na A0l 22 A+ FA37NT T vl
Zs RS E A Fe] g 3 ofg) #Y oo tE des {HYd
T84 ol EHo] JuUF e AU wEoletn AdHT)

Y SR AS EYYAY Qo s FHHE JELEA dxda ug
of ¥ AgHe] d¥LE FAHHAG
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Fig. 10. Mass fraction of elements at Site M.
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Table 6, List of source profiles applied in Cheju area

S;roi.al S((:)z(l;ze Mnemonics Optional Comments
1 11213 EXCOA External combustion - coal briquet
2 11510 OFPPH Qil fired oower plant - heavy
3 12301 DOBOK Domestic boiler - kerosene
4 13502 EXCOH External combustion - heavy
5 13504 EXCOL External combustion - light oil
6 17106 INCIN Municipal incinerator
7 27204 CDUST Cement dust
8 32205 DIESL Diesel vehicles
9 33010 GASL Gasoline vehicles
10 34002 TIRE Tire wear
11 41130 ROAD Paved road dust
12 41350 SOILD Soil dust
13 42304 AGBUN Apricultural field burning
14 42320 FBURN Field burning
15 43101 MARIN Marine aerosol

SPECIATE EPA, 1989
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Table 7. Classified source by the important species

Mnemonics Species Size
EXCOA Al Ca F, C™
OFPPH Al Si, S, Ca, V.

DOBOK Fe, Ba, S F, C
EXCOH 2, Na F, C
EXCOL Al, 5i, 5, Ni

INCIN Na, S, Cl, K, Zn, Pb F, C
CDUST Al, Si, Ca, Fe F, C
DIESL S, S, Al Pb, K F, C
GASL Pb, Cl, K, Si, Al F, C
TIRE Zn F, C
ROAD Al Si, Ca, Fe

SOILD Al §i, Ca, Fe

AGBUN Cl, K, S04 F, C
FBURN Cl K, Ca

MARIN Na, Mg, S, Cl, SOq F, C

AMSUL S04, NOs F, C
AMNIT NOs;, NH4 F, C

F" . fine particle (<2.1¢m)
C™ : coarse particle (2.1-10/m)

! important species
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Preliminary —e
Analyses

Determine CMB Applicability

- A sufficient sumber of receptor samples,

- Analyzing for a variety of chemical species,
- The potential source contributors,

- Profiles for the source types are obtainable,
- The number of source types < the number of chemical species.

Fig. 12. CMB application and validation flowchart.

Setup and Run Model -y

%

Examine Diagnostic

Check Model Assumptions

t

Identify Changes |

Expanded

flowchart in Fig. 13

Evaluate Consistency and
Stability of Results

l

Establish Model Validity

Reconcile with Other Model
Results

Develop Control Strategy
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Fig. 13. Flowchart for problem identification and correction.
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Table 8. Stability evaluation of model results

Display | Abbreviation Description
Source » The estimate, in ug/m of each source or source
Contribution SCE category’s contribution to the fitted ambient data.
Estimates » SCE>0
» Indicator of the precision or uncertainty of the
Standard
STDERR SCE, the variance of the SCE
Error
» STDERR<<SCE
P Statistic used to interpret the STDERR. It is the
t- Statistic TSTAT ratio of the SCE to its STDERR,
b TSTAT>20
P Used to measure the variance in the ambient
species, concentrations which is explained by the
R-Square | R-SQUARE : .
calculated species concentrations.
» R®:08~10
» Similar to R-SQUARE except that it also
considers
the uncertainties of the calculated species
Chi-Square |CHI-SQUARE concentrations.

A high CHI-SQUARE suggests that the model has
not explained the species data well.
» x7:00~40
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Continued

Display |Abbreviation Description
P Used to track the % of ambient mass (in the size
PERCENT . . .
Percent fraction being analyzed) explained by the sum of the
MASS or
Mass 9MASS SCE's.
’ P %MASS : 80%~ 1209%(100% £ 209%)
Degrees of DF P Number of species in fit minus number of sources in fit.
Freedom » DF>5
Ratio of . . s
. P The signed difference CALC-MEAS divided by
Residual to . . .
it Ratio R/U the uncertainty of that difference.
its
. P Ratio R/U < | 20|
Uncertainty
Ratio of » The simple ratio of CALC/MEAS and the uncertainty of
Calculated . the ratio, Used to identify species that are over/under
Ratio C¢/M
to accounted for by the model.
Measured » Ratio C/M : 05~20
P Summary of singular value decomposition analysis. It
Uncertainty U/s shows clusters of source which the model cannot easily
/Similarity CLUSTERS distinguish between and that are likely to be interfering
Clusters with the model’s ability to provide a good set of SCE’s.

» U/S CLUSTERS : No clusters.

Protocol for applying and validating the CMB model, EPA, 1987
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(AFFAAL, 1997).
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Table 9. CMB performance test results for fine particle at Site M

Sample No
M2 M3 M4 M5
Source 3.58(ue/m')" 15.08(ug/m') 13.28(ug/m’) 19.56(ug/m’)
Type

R-Square 0.99 0.99 0.99 1.0
Chi-Square 0.53 0.87 1.71 028
DF 6 6 6 7
EXCOA ~2459010.3723 -0.9326 X 0.1857
EXCH2 -0.0003+£0.1108 -1.8744£0.3267 -0.5006 £0.2342
EXCL1 -0.0440£0.3818 6.3712£0.8011 06692+0.0970 1.9363:+0.8242
INCIN 0.1582+0.0415 0.0025£0.0323 0.0896+0.0184
CDUST 0.0130+0.0928 0.2658+0.0254 0.0840%£0.0350 0.1796=0.0190
GASL2 0.4738+0.0802 1.2582%0.2333 0.4131*+0.1138 05127104243
DIESL 6.0030£1.5096 65605£0.7382 6.0742=0.5532 2.9878£0.3655
SOILD2 0.3379+0.1415  -1.1113£0.1588 =0.4435x0.0672 0.1070%0.1464
MARINZ 45660104114 1.0546£0.1790 1.6403+1.1463 0.7445+0.1258
AMSUL 0.3924+0.1527 25759105282 1.8620+0.3179 5.4598%0.6062
AMNIT 0.7538+0.2392 16451102410 06458+0.0998 2.3354+0.3272
Total Cal. 10.04 169 10.95 129
C/M Ratio 1.56 21 1.7 1.2

*  Concentration of fine particle(<2.1 m)
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Table 10. CMB performance test results for fine particle at Site U

Sample No
U2 U3 U4 Us
Source 21.05(ug/m')" 7.37(pg/m*) 12.03(ug/m’) 23.74(ug/m*)
Type

R-Square 1.0 0.99 1.0 0.99
Chi-Square 0.96 3.18 0.73 16
DF 5 5 6 6
EXCOA 1.2023£0.2355 -0.0849+0.2742 -5.8613*t0.4769 -1.0166%0.1763
EXCH2 1.0385+0.4553 -0.8547+0.2007 -2.2814%0.4316 -0.5624%0.2584
EXCLI 2713615062 29657105404  7.319111.2589 1.9245+0.8531
INCIN 04703+0.0320 0.0285+0.0237 0.1388%+0.0364 0.1336+0.0206
CDUST 0.0049+0.0377 02187100213  0.3291+0.0285 0.2254£0.0152
GASL2 -0.4490*£0.2150 0.6704+0.1380 1.5129+0.2783 0.6115+0.1409
DIESL 14726205592 3.4650+0.4584  6.7043%£0.6170 3.6242+0.4083
SOILD2 0.3346+£0.2338  0.1075+0.1162  0.9230%+0.2426 0.2052%0.1368
MARIN2 1.8082+0.2169  0.7167£0.0861  (.7157x0.0853 0.4866+0.0673
AMSUL 5.8115+0.7083  2.2662X0.2516  2.8241%0.4368 7.0301 +0.7563
AMNIT 3668105050 0.6014+£0.0930 0.5213%0.0838 2.1735+0.3087
Total Cal 12.7 10.1 133 14.8
C/M Ratio 0.99 1.99 1.91 1.14

* . Concentration of fine particle(<2.1 tm)
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&o] =4 Jelxtti(Chan 5, 1999).

Table 102 Site UdlA mlAdate]l Wg CMB 2324 R*E 099~1.0, z°
& 0.73~318, C/M¥l ¥ 099~1992 +A&A vebwte),

299 g2FAFAE Site MolA 9 W&d Bgoez vehvn A, AAF
ZH(DIESL)®] F8& nF %o FEE F7HE Site MAA o $-A8HA devz
AL, FHE AHESE A7) BEXCLDE Site UAA thd & 71948 e
Wt Site UolAl EXCL12 PMIOEH A7 A8 &ARHoA 717p-& ol
HEZL ol ALE dEIHog AT Bdele JFo R Site MAA K}
A EA vdEld Ao Hdc

Table 11 Site MolA Zogte] e CMB A#H=A R*e 097~10, z°
& 131~36, C/MHlE 1.1~298 vt ENAH Ao Jelwc 2o gl
M 2dd ¥9dde vAdAY A vxd AFS Boln Yot sde
G M 2 dATE Zlodste do] e Aoz vEwoh a2 MAdAHEe B
FH A 71 go] 29 %2 7HF =A WERYD ), Chicagodl X E 9w 2] 2
7199% 146 %(Lee, Wadden, and Scheff, 1993)o] H]&l® ¥& 202 vehych
£E, FHE A 9d7]#Q EXCH2E 32 248} gy s A}
He A2 2AZEF Yelgd wet e Jed EXCH2 8332 fx4e
2 Bo} Z&g ¥ F¥Poz FAHAWAFE ur|uMEAd VY ZFAE,
1996), .

Table 12 Site UolAd zuidatel dd CMB Z2#2A R 096~099, x”
2 1.28~3.83, /MM 1.3~298% C/MH|AA Thi B4 F datrt vebyge

LdY ¥3d, Site MollA e} Hls=3t HEgE Bolm glovt YAREFR S
FFL Site MollA Bt Y @& 7|9 @FE JERYY vk, EgRxe] g9
SOILD2= A FAl¢k EPAS] 244 FAANENE 2¥std Rdd47E Jeid
ROZ Site Ml = 7] o] uloglor} Site UdME 8% BEL x5
ogldnh =, g9 93 MARIN2E Site Mol H8] @& 7]d3L ey
o & oddd vuyE W =A FIFHJE, sFA Site U7t
A7 7 km o] "olA ULelE EFEn A o Fol g4 JEhlE Re
EFR7I1Z T AT vbge] QYo uas g FAFo) Fo)k L Bulolyt
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Table 11. CMB performance test results for coarse particle at Site M
Sample No
M2 M3 M4 M5
Source 5.05(ug/m')’ 14.41(pg/ ) 10.43(pg/m') 11.13(ug/m')
Type
R-Square 1.0 0.99 0.97 0.99
Chi-Square 1.31 1.31 298 36
DF 3 9 8 5
EXCOA -1.552510.18%4 1.4792+0.5563
EXCL1 11322205682 -1.2277+0.7328 -45639*+1.6497 -1.7896+1.2843
EXCH?Z 0.7767+0.1275  0.2401=0.1700 1.5721+£04999 04512+0.3234
INCIN -0.0595+0.0510 0.2212%£0.1126
CDUST 0216900137 1.3573%0.1052 -0.1225+0,0639 0.0671%0.0509
GASL2 0.0356+04053 -0.080410.0802 -0.4836+0.3563 -1.0157=+0.5950
DIESIL, 0678602342, 10.3482+0.7141 32800116338 7.4719%+3.2170
SOILD1 327717107596  1.4532+0.5460
SOILD2 0.5837+0.1870 -0.4109+0.1915
MARINI1 2605402369 1.7919+0.1761
MARINZ 0.506410.0492  4.8697+0.5791
AMSUL -0.2449%£0.0513  0.0953+£0.0927 -0.3234+0,1008 0.0914+0.1236
AMNIT 0524500637 05810£0.0961 0.6581+0.0977 0.8987+0.1288
Total Cal. 2.66 15.77 58 111
C/M Ratio 1.56 299 1.1 1.98

* ! Concentration of coarse particle(2.1 ~10 m)
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Table 12. CMB performance test results for coarse particle at Site U

Sample No
U2 U3 U4 U5

Source 11.50(ug/m')" 6.03(ug/m") 5.67(ug/ ) 8.61(ug/m')
Type

R-Square 0.96 099 097 0.98

Chi-Square 2.53 1.28 3.83 1.31

DF 9 6 6 6

EXCOA -0.1410+£0.9537 -2.6904*t 06010 -5.4543+0.4858 ~0.1402+0.4017

EXCH2 1.8743+0.4113 1.0662£0.2145 0.165210.0225 0.0142£0.0379

EXCL1 -85643+1.6785 ~2.5789%0.8695

EXCL2 0.6564£0.3720

GASL?2 -0.5874+04615 -0.2105+£0.4161 0.4198*=0.0939 0.05441+0.3982

DIESL 13.8995+1.9207 29412404282 86572107215 0.1034+0.7822

SOILD2 17465£05740 25373103506  2.0420%0.1676  1.94860.1464

MARIN2 2.6884+02228 2.0341£0.1947 24879*+02612 1.985510.1592

AMSUL ~-0.2199+0.1456 0.0069+£0.0398 -0.1578+0.0988 0.3119+0.0733

AMNIT 1.1283+0,1499  0.2235+0.0363 05718+£0.0952 0.2046+0.1141

Total Cal. 11.8 33 9.39 4.48

C/M Ratio 298 1.3 26 131

* | Concentration of coarse particle(2.1~10 m)
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12/09/99-12/23/99

01/19/00-02/02/00 02/02/00~02/16/00

[ —— Frequench

Fig. 14. Variation of wind direction for sampling periods.
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Fig. 15. Source contributions to fine particles at Site M
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Fig. 16. Source contributions to fine particles at Site U
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Fig. 17. Source contributions to coarse particles at Site M
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