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Summary

Main objectives of this study are to identify the sources and to estimate the
source contributions to PMI10 (Particulate Matters less than 10gm), using principal
component analysis(PCA) and chemical mass balance(CMB) receptor model.

The PM10 samples of two separate sets, such as fine (dp < 2.1ym) and coarse
(2.1pm < dp < 10gm) particles samples, were collected by a cascade impactor, from
May 2002 to September 2002 at Jeju City. 18 elements and 8 major ionic species
in PM10 samples were analyzed by ICP and IC.

The average mass concentration of PM10 was 2880 + 3576 ug/m’ (range of
24.06 ~ 33.49), and the average concentrations of coarse particles and fine
particles were 1254 pg/m’ (934 ~ 15.35) and 1626 pg/m (1395 ~ 18.14),
respectively.

The concentrations of NH," and Na' for cation, and SOs*, NOs for anion were
higher than any other cation or anion species. Al, Ca, Fe, K, Mg, Na and S were
highly concentrated in the both fine and coarse particles, and it was found that
Al, Ca, Ti and Fe, related to natural soil composition were found to be highly
enriched in the coarse particles, whereas S, K, Zn and Pb, associated with
anthropogenic activity, were found to be highly enriched in the fine particles.

As the results of the PCA, major sources were classified in 5 principal
components, such as Soil/road dust resuspension, Marine aerosol, Fuel combustion,
Waste incineration, Ammonium sulfate, Ammonium nitrate in coarse and fine
particles.

From the CMB performance based on sources of PMI10 identified by PCA, the
average contribution is as follow ;

The contributions of each source are Road dust of 44%, Ammonium nitrate of
1626, Domestic boiler of 13%, Marine of 12%, Diesel vehicles of 8% in coarse
particles, and Road dust of 35%, Ammonium sulfate of 322, Ammonium nitrate of
132, Diesel vehicles of 9%, Marine of 8% in fine particles.

We think that application of receptor model can improve by the combination of

PCA and CMB.
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Table 1. Sampling condition

Sampling Sample Sampling Sampling
site No. Period Time

C1 05/18/02~06/01/02 13 days
C2 06/03/02~06/12/02 9 days
C3 06/15/02~07/03/02 18 days

Jeju City
C4 07/25/02~08/08/02 14 days
C5 08/09/02~08/26/02 17 days
C6 09/01/02~09/16/02 15 days
Cc7 09/17/02~10/02/02 15 days
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S A type, B typeo® Uiro] 7t AR FEZ AR EU, A typelZE Al

, Na, Mg, Ca, Fe, S¢ 425 B typel =+ Ba, Cd, Cr, Cu, Mn, Ni, Ph, Sr, Ti,

= =

7Zn® A ES Inductively Coupled Plasma(ICP)¥ o2 ®A3gth ICPE 7]
Fiexl § Ak gfFols ppbseZtA #4T & Jdow dAFFEEE
HAAS)O A EA]0] o3 BasdE SV 74 13 ER 248 # otk

A typedl £ BF 999 sx% Al K, Na, Mg, Ca, Feel 0.1, 1.0, 5.0 mg/ ¢, S&
0.2, 20, 10 mg/ 2, B type ¢ €% ZFH w%+= 001, 0.1, 05 1.0 mg/¢ e HS

A A8 s FFsrh

Inserting small pieces of filters

into a tube

Inserting 30ml distilled water into a tube

Extraction for 30min with Ultrasonic cleaner

filtering solution with membrane filter
(9 = 0.45um)

Fig. 3. Preparation procedure for ionic elements analysis
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Inserting small pieces of filters
into a vessel

Dissolving filter with 12ml of mixing solution
(HNOs : HCI1= 3:1)

Heating microwave oven with
175C temperature,
350 Psi for 15min

Cooling the vessel

Filtering solution with membrane filter

(Pore size = 0.45um)

Massing upto 50ml with distilled water

Fig. 4. Preparation procedure for inorganic elements analysis

Table 2 . Analytical method used this study

) ) Instrument
Species Analytical method
Model
Na, Mg, S, Ca, Ti, V, Inductively Coupled Plasma RIS
Mn, Fe, Cu, Zn, Cr, Ba, (ICP)
_ Advantage
Pb, Al, K, Ni, Cd, Sr
Ca®, Na', K', Mg*', NH' Ion Chromatography Metrohm
Cl, NO3 SO/~ (IC) module
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1. PM109| AESsE

PM109] A &3 = 2002 5L 5 E 20029 9U7HA] AFAIH SAFo A o] Fo
Hom, 13 AsAH 7]7kE o]gsta Ao FEI AsHFS A7) g8kl 94
oA 18l AX A& AFHSFAL. AFHE PMI09 dFs= 54 A7E Table
3o vt AT

=77 Fere] PMIOS = M9+ 2406 ~ 3349 pg/molv, B+ 2880 ug/
D=3576)22 YEelgth ol AFE=RAFAAT AN BT
= 2ol =A% dHF 36 pug/m (AFE, 2000080} F& Froly ol A

B2 458 o= ARHY, FEHAMAN 2 AP v

rO
o2
N
fo
o2

o
71Zkell A% ot PMI0E = 2867 pg/m 3 MRd A= fouete] ddt
718871 70 pg/m' 1 Aol W ofF e wEATHEE -, 2001). ©f &

gt A= AEAY 892 wy/m(f+ T, 1995), YA 6568 pg/m(H S, 2000),
WA 75 pg/m (M 5, 1995) 5 BFE=AlSE Blusk of AlFA= tEAlS] A
of v} wj & o® yetylith

Figure 5o PMI10¢ AHFr=dEXE Aol 21 mHr}t F2 v A YA fine
particle)2} 7] 2.1 mBEt 2 ZH YA coarse particle)Z i3t SAHAN=
vebdllth A g AkeE 2ol gAY sERSE 1395 ~ 19.04 pg/m' ¢, 934 ~
1535 pg/m= % WEZo] Ao YEth PM10 & s Eell A ml A=
of ZdidAte] F=H(F/C)E 115 ~ 158 WY E Yetdlon, #Hit 13 o=
A zket =d 427 PM10s ol Al 2kA] st vl &o] A9 vl =3 =
th ool Als AT FAF To2 Qg WA sERSE] & 7}
W7ol A8 Aiek BEE mAdAe] HiEo] F AZHEE AT 7|3t

Folzl Zolr] wEew Atmdd. mAYAS HitskE 1626 pg/m EA

N,

rlu

]

N
o
32

oz
i
u

o
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pg/m')
16.26
12.54
28.80
1.3

Average

(Unit :

C7
18.14
15.35
33.49
1.18

C6
19.04
13.11
32.15

1.45

= o

14.10
12.30
26.40

1.15

C5

Cc4
13.95
11.38
25.33

1.23

C3
16.59
13.44
30.03

1.23

Cc2
14.72
9.34
24.06
1.58

17.29
12.83
31.12

1.35

average

c7
fine Mcoarse

Co6

Cs5
sample NO.

c2 c3 ca

C1

SP”

Table 3. Mass concentrations and F/C ratios of PMI10 at Jeju City
#xx[F/C Ratio : Mass concentration ratio of fine to coarse

* FSP : Fine suspended particle
#% CSP : Coarse suspended particle

Sample
No.
CSP* *
PM10
F/C
Ratio™

19979 EPA°lA d7d® PM25¢ IR #A 15 pg/m' 2k
F

5
10 |
5
0

(0/ 0)2u00

Fig. 5. PM10 mass concentration at Jeju City
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rfo

PM10el 3% F& 84 o]2A4Ee NHy, Na', K', Ca®, Mg” ¢ %o]
SO, NOs, CI 9 &ol& Aess 34T Ases st Atz 723
o] Table 4 o YEFHATE Table 494 HH ZojdAtol| A= NOs °]&9] F%7}
7 =A vehger thgo® Cl > SO > Na' > Ca® > NH, > Mg”™> K
oz vehtth W uAdAe A SO0 o9 FEF MY Ex thgoR

3}

NH, > NO; > Na > Cl > K > Ca¥ > Mg> %202 =7 Jeyoh

Table 4. Concentration of water soluble ions in PM10 at Jeju City
(unit © pg/m’)

Water soluble cations Water soluble anions

NE gLl Sty ELF Dkt Cl  NO; SOs

Average 0473 0.165 0.035 0204 0.047 0.610 0.998 0.512
Coarse Minimum 0.169 0.091 0.013 0.144 0.020 0.190 0.810 0.352
Maximum 1.163 0.236 0.055 0.302 0.092 1522 1.293 0.732
Average 0279 1333 0.158 0.088 0.035 0.232 1123 3.761

Fine Minimum 0.154 0.882 0.027 0.045 0.018 0.066 0.903 2.610
Maximum 0.609 1.722 0.229 0.124 0.048 0.458 1.306 4.773

FE&A ol 2A R A ANE ZUdAet mAdAE FEEFY] Fig. 6 o e
Yotk ol ZAHE B ZUYAdAE Na 7l 51%= 718 2 v EFS 24
sla 9low, NH, 18%, Ca® 229%, Mg 5%, K' 4% wo.2 ElTh wdo] w4

AR} A= NHL 7F 70% & 7F4 2 v58 X doem Na' 15%, K' 8%, Ca™
5%, Mg® 2% %o 2 Ueth 2ot 4S8 Hol: Na'e AFAde =4
A ubEdd A gaFow AbREE(F, 1996), HIASIA YA A A E 1 ~

H
10 m= AL obge] tr]Fe Aaitstedt Gaksteol s dAkeh whgsto] Ak
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2+

Mg

Na+
51%

18%

coarse fine

<cations>

SOy
%

4%

coarse fine

<anions>

Fig. 6. Composition of water soluble ions in PM10 at Jeju City
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o] NaNOs¢F NaxSO.& FdAdste=t olZEA Add 4x Z717F dAZ 3~4 um
o FYE zt7] wEolth(Stoker and Seager, 1976; Yoshizumi and Asakuno, 1986).
mrebal A FA Y] d7] o2& stetA RS Fokstr] YA s E YA

Aqas AL or weld Fart vk PMI0 59 584 AR dd g gAte
FEFS Hrialz] 9dste] F2 8 AR Nao e daFxH S Table 5 o o
ettt dutgo® tfy] oo]ZE Na's®o] tah 7 o]2AE %H%H] (C/Ca)7t

ezolde] Fmnlel 7A7beH AAdA Vo m AFHH A9 edlel 9
o]

F dFs wow 2 TR} 5T FENEZEE WeiAA drh 7 FEAR
Na'o] ot Agsmurl CI g ALletne s w4 deis 22 2 5 e
ool F84 oled®ol vald vde de wol wi oy wWEow wad

o 53] mAgAel A SOL, K o A#senzl 2ogdatel e A Hs wrw
AR A HEd YA st AHoR 2o o7 vpebyLT)

EAAIG e FA-E Cl/Navl= aigolA SAE R I8 52 3s U=
t ol Z4F AxHAAAA mEHE Clo s&27F 7] wiEo]th(Keene 5, 1986).
gy B Aol 2o gAtel A 1290, HIAId A A 0.83102 W HlE UER
© Aew Hol 94 7del oF VAFRT ]l ¢l ‘chloride loss effect’
(Finlayson-Pitts and Pitts, 1986) o] ] @A Z&3}7] Wt o= Al ET}.

Table 5. Mass concentration ratio of each ion species to Na in PMI10

Species (Cy/Cras)s” (C/Cra)a”
coarse fine
Cl 1.8 1.290 0.831
NO3~ - 2.111 4.018
SO~ 0.25 1.082 13.458
K 0.04 0.074 0.565
Ca”™ 0.04 0.431 0.314
Mg” 0.12 0.099 0.126
NH,' - 0.350 4.770

% (Cy/Cnat)s ¢ mass concentration ratio of each ion to Na' in seawater data
from Zieman et al.(1995).

#%(Ci/Cnar)a © mass concentration ratio of each ion to Na  in PMI10.
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A A Ak W71F e NHse= 71 o ®ajo vlg S L FHFEF
U 7o B SolA FE wEEY H AT ot HEdAYge] A 5=
7F A= 7 5% ddETeE Ria% JrH(Suh 5, 1995). NHs 7F=+ o

71l A Ardtsts, SbstE, A P AE(mist)oh whEske] dAEe] NHUNO;,

NHHSO4, (NHy)2SOss P31 melste] mAda Fef2 EA) gk (Nishikawa

oo 2ANE B Y AlA NOsy 46%, CI° 30%, SO, 24% o= 1}

B wkd o] m Al 2kl A SO 73%, NO; 22%, ClI 5% 2 UEbstth. 1) 4] ¢) 2ol

SOL 9] AARWMAUELS dagAoA wEEE 7kad SO,

7} Azkol A el uwhEl fiRE SO, FEE AsEEd o W AL fgr)Fe

FROIG HIFFe BxE 2 F712EE, Ba dRYol T B edEde] Fko

wEl 24 FdFgS v R dEA om(dEner|EHRAEH, 1979), 53 o

SO 9 A8 7kA A MY E FolAd 7 - bEHQ Fsetaksle] o)A

SOL 9 Fw7t 8o =& kS HOITH(Wolff, 1986). ¥ AT-A17]

7 AFHYdS A gir]s dadAedA wiEE 7t SO7F 33FEkg-ol
#xo] SO YA Aol o] Fox Ao w AlgH,

NO; 9o 49 ZddAelAs slddatel w&ste] ¥ NaNOso| Fe 2, v A

sHgdEo R wiEE NHz¥ wh&dto] NHUINOzo| ez EAjsh7] wiit

A FHoZ AlgH Clol2 9 F NaClol & dadwge] HE=, gA=zZ =

g ol &3 Chow &, 1996).
71 Fol A gRYoetel kel A¢e v VF A 9 Ax V)F A B
A BuEQom o5 (NH:SOs, FEE A gHMoyers &, 1977). 7] < At

HEE olgste] olelg oj2A R AYPEAE FAT = ded, T H

1

ot

SO/, NH,/ % 13 84485 384 24<S H/SO,S, NH, /SO 9
258 Ak 4 Ak H/SOS o &1l (NHY):S0s, (NH)sH(SO4),, NHHSO,
H.S04 o 82 &4 4% 247 00, 05 1.0, 209 #= 7FA 9 (Koutrakis &,
1988), NH./SOs” ¢ EH|:E= (NHy)S0s (NHo);H(SO»)s NHHSOs HoSOs o sl
2.0, 1.5, 1.0, 0.09] #& ztevh olAw FAAES Evd uzt A4S F2
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g = glow wAdAe A (NHy)SOu2 F2 Agsto] 8re]# a1 9l th(Possanzini
T, 1992). ¥ Aol 2ol wmAGAtel tieiA NHy oF SO° o A elE
7bgate] AkE NH, /S04 9 Euleh A4 =48 NH,/SO/ o Ene] #AS o
HIAIZ1 A3E Fig. 7% Fig. 8o Yetlideh. 2ol A K= vpel o] Zof Y=ol A
= NHy'9F S04 9 Adae= (NHY:SOs (NHy)sH(SOw. NHHSO.S] FEj7h 5&
ShAIRE (NH9 SO4F Bl 71 2F A 8b= BT o] 7 & AR AR HH, v A YgAbol A =

2 (NHoS0.2 Zgsto] $Hireol sl Aoz F4dd
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Fig. 7. Scatter plot of SO versus NH4 in coarse particles
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S0, (nmole/m®)

Fig. 8. Scatter plot of SO versus NHy4' in fine particles
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(Kleinman %, 1980), Fe, Mn A& %= E%e|o A7

7|

rLSZ

A Gzl A 7+ = el S AR Hi s =7 1353.34 ng/m' 2 o= PM2.1
of sk HA 9 83 %o dFeE R o5 PM25 T FHE S=EE
=243 gxY A 439 v uwsEH Santiago 2100 ng/m’ (Rojas %, 1989), Boston
1840 ng/m’ (Thurston 5, 1985), Tokyo 1668 ng/m’ (Nitta &, 1994) Bt} @& F=
Z Bouy e AHl FFAQ 1135 ng/m (7, 1998) Rt ok ¥ g 1

Atk K& Edoly A doA wiEsn 2o AF43%E B 90% 4 L7
2ot BEE Ao wEETdE BRuE v (Malm and Gebhart, 1993). 2 =X 2

I A PR A KE| FEE 264.83 ng/m=E A FA A PM257]=2 2 214.3 ng/m’
(7, 1998) B e va & TEE Btk
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Table 6. Concentration of trace elements in PM10 at Jeju City

(unit : ng/m’)

coarse fine
Element
Average Range Average Range
Al 239.22 123.32 ~ 484.98 81.54 3834 ~ 12217
Ca 388.15 202.00 ~ 490.50 179.23 65.43 ~ 490.50
Fe 328.64 151.89 ~ 744.01 127.95 50.35 ~ 229.50
K 147.83 50.67 ~ 317.49 264.83 127.78 ~457.82
Mg 70.912 46.50 ~ 131.35 33.27 21.07 ~ 4747
Na 587.61 354.24 ~ 1028.85 430.27 31890 ~584.21
S 121.47 52.70 ~169.64 1353.34 914.02 ~ 1953.35
Ba 5.12 Zdemal 14 3.15 1.30 ~ 4.37
Cd 0.75 013 ~ 1.83 0.69 0.06 ~ 1.46
Cr 3.29 1.02 ~ 5.05 4.06 011 ~ 8.23
Cu 5.73 1.86 ~ 11.38 4.64 293 ~ 838
Mn 7.40 417 ~ 1518 4.78 1.89 ~ 851
Ni 2.57 0.85 ~ 6.50 1.42 0719 ~ 222
Pb 5.26 1.36 ~ 9.20 31.46 10.80 ~ 54.83
Sr 1.03 0.30 ~ 3.76 0.47 0.17 ~ 0.66
Ti 26.80 16.43 ~ 53.26 4.80 214 ~ 158
\Y4 5.00 1.10 ~ 9.03 4.89 231 ~ 775
Zn 19.96 6.46 ~ 40.45 42.21 1748 ~ 68.61
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Fig. 9. Average concentration of trace elements in PM10 at Jeju City
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Table 7. Result of Varimax-rotated PCA for Coarse particles

PC* PC1 PC2 PC3 PC4 PC5 PC6
Al 0.860 0.383 -0.142 0.140 0.066 0.142
Ca 0.852 -0.025 0.021 -0.119 0.169 -0.242
Fe 0.418 0.464 -0.526 0.066 0.105 0.232
K 0.036 -0.043 -0.038 -0.045 -0.034 0.836
Mg 0.806 0.166 -0.087 0.321 0.306 0.091
Na -0.183 0.054 0.790 0.042 0.391 0.062
S 0.551 -0.422 0.440 0.244 0.094 0.144
Ba 0.501 -0.049 0.494 0.530 -0.025 -0.011
Cd 0.027 0.242 -0.034 0.887 0.054 -0.129
Cr -0.067 -0.191 -0.366 -0.090 0.056 -0.669
Cu 0.025 0.916 -0.142 0.187 -0.039 0.126
Mn 0.870 0.368 -0.204 0.079 -0.049 0.192
Ni 0.884 -0.234 -0.138 0.224 -0.044 0.111
Pb 0.593 0.586 0.168 -0.242 -0.020 -0.015
Sr 0.393 0.091 -0.505 0.206 -0.047 0.422
Ti 0.933 0.195 -0.157 0.120 -0.082 0.086
\Y 0.298 0.248 0.022 0.742 0.024 0.313
Zn 0.207 0.686 -0.055 0.298 0.035 -0.020
NH, 0.104 -0.157 0.086 -0.042 0.930 -0.097
Cl -0.123 -0.063 0.864 -0.048 0.087 0.180
NOs 0.070 0.249 0.251 0.120 0.881 -0.072
S04~ 0.082 0.629 0.513 0.296 0.243 0.058

Eigenvalue 5971 3.108 2.976 2.229 2.022 1.719
%Var. 27.141 14.128 13.529 10.134 9.189 7.812
3%Var. 27.141 41.271 54.800 64.934 74.122 81.934

* ! Principal Component
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Table 8. Result of Varimax-rotated PCA for Fine particles

PC* PC1 PC2 PC3 PC4 PC5 PC6
Al 0.920 0.179 0.217 -0.160 0.089 -0.074
Ca 0.901 -0.057 0.051 0.227 -0.0233 -0.085
Fe 0.503 0.089 0.340 -0.204 0.588 -0.251
K 0.258 -0.222 0.067 0.881 0.083 0.122
Mg 0.422 0.591 0.379 -0.069 0.030 -0.468
Na 0.438 0.591 0.388 -0.007 -0.349 -0.171
S -0.392 -0.413 -0.318 0.561 0.226 0.227
Ba 0.290 0.343 0.466 -0.400 0.133 -0.209
Cd 0.188 -0.131 -0.015 0.277 0.771 0.285
Cr 0.155 -0.020 0.830 0.284 -0.329 -0.040
Cu 0.725 0.222 0.154 -0.110 0.181 -0.052
Mn 0.671 0.002 0.268 =0.042 0.374 0.501
Ni 0.333 0.250 0.805 -0.096 0.099 -0.110
Pb -0.170 -0.187 -0.012 0.236 0.094 0.891
Sr 0.103 0.800 0.101 -0.235 0.013 0.271
Ti 0.839 0.215 0.262 -0.314 0.189 -0.091
\Y% 0.731 0.235 -0.04 0.097 0.511 -0.106
7n 0.091 0.086 0.841 -0.214 0.281 0.182
NH," -0.057 -0.758 -0.302 0.077 -0.309 0.293
Cl 0.134 0.760 -0.111 -0.153 -0.114 -0.206
NOs 0.842 0.186 0.215 0.329 0.066 -0.076
S04~ -0.338 -0.500 -0.332 0.531 0.150 0.294

Eigenvalue 5.860 3.429 3.264 2.240 2.012 1.924

%Var. 26.635 15.586 14.836 10.183 9.147 8.745

3% Var. 26.635 42.221 57.057 67.240 76.388 85.133

# © Principal Component
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Table 9. Source profile for soil (unit : wt %)

Element Coarse Fine
Na 0.622 0513
Mg 0.147 0.171
Al 6.644 5.521
S 0.064 0.200
Cl 0.024 0.024
K 1.339 0.719
Ca 2.493 1.997
Ti 0.654 0.446
\% 0.000 0.000
Cr 0.000 0.000
Mn 0.090 0.062
Fe 2.441 2.146
Ni 0.012 0.018
Cu 0.010 0.013
Zn 0.012 0.024
Pb 0.026 0.034
S04~ 0.450 0.955
NO; 0.398 0.615
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Table 10. List of source types in this study

) Principal o ) )
Size Principal elements Source estimation
Components
PC1 Al, Ca, Mg, S, Ba, Soil dust, Road dust,
Mn, Ni, Pb, Ti Cement dust
PC2 Cu, Pb, Zn, SO/’ Municipal incinerator
Coarse  pc3 Na, Cl-, SO Marine Aerosol
Particles
Combustion(Light Oil)
PC4 Ba, Cd, V Domestic Boiler(Kerosene)
Municipal incinerator
PC5 NH,', NO3 Ammonium Nitrate
PC1 Al, Ca, Fe, Cu, Mn, Soil dust, Road dust,
Ni, Ti, V, NOs Ammonium Nitrate
PC2 Mg, Na, Sr, Cl- Marine Aerosol
Domestic Boiler(Kerosene)
Fine PC3 Cr, Ni, Zn Municipal incinerator
Particles Combustion(Light Oil)
Combustion(Light Oil)
. Diesel Vehicles,
PC4 K, S, SOy . .
Gasoline Vehicles,
Ammonium Sulfate
PC5 Fe, Cd Soil, Municipal incinerator
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Table 11. Sources profiles and their marker elements

Source Profile

Elements

Al, Ca, Fe, K, Mg, Cl, Na, Ti, S, Mn,

Soil Dust Cu, Zn, Pb, Ba, V, Cr, Sr, SO42, Ni, Cd,
NO;
Al, Fe, Ca, K, Mg. Ba, Ti, Zn, S, Pb,
Road Dust Cu, Mn, SO, CI', Ba, V, Cr, Ni, Cd,

NO; , Sr

Cement Dust

Ca, Fe, Al, S, Sr, K, Ti, Mn, Zn, Cr

External Combustion - Light Oil

Al, S, Ni, Fe, V, Ca, Ti, Cu, K, Sr, Cr,
Mn, Zn, Pb, Ba

Domestic Boiler - Kerosene

Ba, Fe, S, Al, Na, Ca, Cl, Zn, Ni, Ti, Mn,
Cr, V

Diesel Vehicles

SyeAlEb) K

Gasoline Vehicles

Pb, CI, K, S, Al

Municipal incinerator

Cl, Zn, Na, Pb, K, S, Mg, Al, Ca, Fe, Tj,
Cu, Cd, Mn, Cr, Ni, Ba

Ammonium Sulfate

NH,', SO

Ammonium Nitrate

NOs, NH4',

Marine Aerosol

Na, Mg, S, Cl, K, Ca, SO&

2) CMBEH e

AFg A

SPECIATE EPA, 1989
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Table 12. Stability evaluation of model results

Display Description
SCE(Source e The estimate, in pg/m' of each source or source
Contribution category’s contribution to the fitted ambient data.
Estimates) « SCE>0

* Used to measure the variance in the ambient

species concentrations which is explained by the

R-Square . .
calculated species concentrations.
*R*:08~1.0
» Similar to R-SQUARE except that it also considers
the uncertainties of the calculated species
Chi-Square concentrations. A high CHI-SQUARE suggests that
the model has not explained the species data well.
2
*x°:00~40

* Used to track the % of ambient mass (in the size
fraction being analyzed) explained by the sum of the
SCE's.

* % MASS : 80 %~120 %(100 %+20 %)

Percent Mass

* Number of species in fit minus number of sources in
DF(Degrees of

fit.
Freedom)
« DF>5
e The simple ratio of CALC/MEAS and the uncertainty
) of the ratio. Used to identify species that are
C/M Ratio

over/under accounted for by the model.
* Ratio C/M : 0.5~2.0

* The signed difference CALC-MEAS divided by the
Ratio R/U uncertainty of that difference.
* Ratio R/U < | 2.0 |

e Summary of singular value decomposition analysis. It
shows clusters of source which the model cannot
U/S Clusters easily distinguish between and that are likely to be
interfering 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

_39_



K

3 odY Zavd 117 53 olg Z=
g 23 sEAEE JEAERE st PMIO
o 2949 7dEE FAsA FAE B4 29 EEH odde CMBFHo| 2
FAE A ARE nEste] A9, AAE FAA

Table 133 14%& CMBE9e Fadxs zigatel vAgaz FE38ke] vebd
Aol RAAINE EATHoR H7tE £ g R-Square(R?), Chi-Square(x?),
DF, C/M RatioE &4 YEMIAL

Z QA e CMBREE ZA3E Adww Z2AGAFR)E 094 ~ 0992 &8
AwgS yedla, ¥ 131 ~ 5598 vEhen, ¢/MHS tAME Cl, C2
C3& A9sta 089 ~ 13702 RIARE FE&IUS AAYXE B =A 27t
2(INCIN), 7}&d 25 2HGASL), EGHA(SOILD)= ti- &9 795 E8 Hie
d, 7F4 1248 (DOBOK)$H =41 472 (INCIN), T 252HDIESL)9t 7H&d A%
ZHGASL), =2HA(ROAD)S} EFUA(SOILD) 59 S92 A= nj5=3 33F
o2 FAE Qo] o5& BATGHoR P F gl AoE HIAY 53, 8§
Aol A o] FHA, T2HA Fo ARELS RS ARAAS EYE s o
F A AR FAE EAoR PRI ¥ 5 glon, FUA e =R
e
2 F JtHKumar &, 2001). A A o] e dde AR =2UA(ROAD), 2
2 (AMNIT), 39 (MARIN), 7F4 1.4 e](DOBOK)olH, 7Hg B2 7]olE 3t &

3

o,

Bol = Aol B7] Wi ERWA e@Ue FUAE Eyse] %W

Sh

Wk&ato]l QJAEe NaNOs7b tidAte] ez EAshs
Row Atsdn. fAY JEYe] odd ZEFYUo] {FAStY CMB 3 A3 =+

24, Cooper(1987)2} Gray(1988)% South cast air basin®| ¢ <]
PMI10°l tigh tjAA}sake] 7o =7t 7hEd A ake] A9 2ujo] Avkal Hargh

_40_



Table 13. CMB performance results for coarse particle at Jeju City

(unit ©  pg/m’)

Sample No.
C1 C2 C3 C4
CMB results

R-Square 0.97 0.97 0.96 0.95
Chi-Square 1.31 3.95 2.63 3.99
DF 8 5 7 5
DOBOK -0.0706 -4.8176 -0.1388 3.9031
EXCL -0.0139 0.7488 0.1215 -0.2422
INCIN -0.5077 -0.4201 -0.6297 -0.2676
CDUST 0.2908 0.2946 -0.0007 0.4052
DIESL 0.8247 1.6732 0.0708 0.1573
GASL -0.4228 -1.2028 -0.5953 -0.2407
ROAD 15.6681 17.7343 19.9178 9.0726
SOILD -10.7305 -7.0508 -17.2016 -7.0185
MARIN 0.9730 0.8879 1.3555 1.2487
AMSUL 0.1279 0.4932 0.4202 0.3047
AMNIT 1.3950 1.7183 1.2188 1.0857
Cal. CSP 19.28 23.55 23.10 1561
Mea. CSP 3.65 5.06 3.44 11.38
C/M Ratio 5.28 4.65 6.71 1.37
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Continued

(unit :  pg/m’)

Sample No.
C5 C6 C7
CMB results

R-Square 0.95 0.99 0.94
Chi-Square 4.74 3.89 5.59
DF 6 5 8
DOBOK -3.0706 3.5707 0.0790
EXCL 0.5507 -0.1707 0.1749
INCIN 0.0867 -0.0626 -0.2038
CDUST 0.3235 0.5221 0.9510
DIESL 0.6751 1.4532 1.1111
GASL -1.1980 0.0242 -0.8625
ROAD 5.9924 1.9312 10.5317
SOILD -3.3716 1.0953 —7.4913
MARIN 1.3613 2.3499 1.9311
AMSUL 0.2002 0.2401 0.7398
AMNIT 1.7441 2.7061 47015
Cal. CSP 10.93 13.89 20.22
Mea. CSP 12.30 13.11 15.35
C/M Ratio 0.89 1.06 1.32
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Table 14. CMB performance results for fine particle at Jeju City
(unit ©  pg/m’)

Sample No.
C1 C2 C3 Cc4
CMB results
R-Square 0.94 0.96 0.96 0.95
Chi-Square 4.81 3.599 3.45 6.72
DF 4 4 5 5
DOBOK -0.0663 -0.0467 0.0368 0.1149
EXCL 0.3107 0.1895 0.3498 0.1368
INCIN 0.0887 -0.1436 -0.0023 0.2347
CDUST 0.3854 0.9974 0.2551 0.1103
DIESL 1.1299 0.4488 0.5504 -0.5759
GASL -0.5479 0.1192 0.1151 -0.7762
ROAD 11.5413 9.3309 3.3951 5.1149
SOILD -11.0656 -9.7762 -2.9043 -2.8965
MARIN 0.0940 0.8447 1.0603 1.0701
AMSUL 5.2497 4.9457 3.4637 3.5729
AMNIT 1.9403 2.1595 1.4233 1.0945
CalFSP 20.74 19.04 10.65 11.45
Mea.FSP 10.49 12.43 7.24 6.55
C/M Ratio 1.98 1.53 1.47 1.75
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Continued

(unit :  pg/m’)

Sample No.
C5 C6 c7
CMB results
R-Square 0.99 0.97 0.95
Chi-Square 3.88 2.00 5.95
DF 5 5 5
DOBOK 0.097 0.0834 0.1566
EXCL 0.0685 0.0753 0.1723
INCIN 0.1889 0.2165 0.4496
CDUST 0.1065 0.1324 0.2894
DIESL 0.7105 1.8557 1.6768
GASL -0.6016 0.2914 -1.4821
ROAD 2.2117 3.5727 10.7700
SOILD -1.6831 24751 -10.7873
MARIN 0.8334 1.3168 0.8321
AMSUL 3.6455 4.3683 6.1267
AMNIT 1.3471 1.9323 2.1651
Cal.FSP 9.21 13.84 22.64
Mea.FSP 6.70 10.08 10.46
C/M Ratio 1.38 1.37 2.17
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