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Evaluation of Ambient PM-10 Aerosol in Incheon

Hee—-Jong Yoo, Hyun-Ju Kim, Young-Jae Song, Chung-Dae Lee, Hyun—-Sup Ha

Department of Environmental Research, Incheon Research Institute of Public

Health and Environment

ABSTRACT

In order to maintain and manage ambient air quality, it iS necessary
to 1dentify the possible sources and estimate their contributions to
ambient aerosols. The aims of this study were 1) evaluate source
distribution for PM-10 qualitatively and quantitatively using PCA, 2)
to classify sampling sites according to the similarity of source
contribution to PM-10 using CA, and 3) to evaluate the effect of sea
salt on the aerosols using the enrichment factor (EF) representing the
ratio of ClI/Na in aerosol to Cl/Na in sea. The PM-10 samples were
collected by a PM-10 high-volume air sampler monthly in 2008 at 5
sites in Incheon city, South Korea. These samples were analyzed by
ICP-AES for 9 metals including Pb, Cd, Cr, Cu, Fe, Mn, Ni, Al and Zn
by IC for 8 soluble ions including K*, Ca?", Mg, Na', ClI, SO.%,
NO3  and NH,", and by Elemental Analyzer for total carbon. CA
classified 3 groups out of 5 sites; Sinheung/Songdo/Guwol, Gaeyang,
and Songhae. The closer the EF is to one, the higher the PM-10 is
affected by sea salt and EF for the sampling site near seashore was
1.02 implying contribution of sea salt on the aerosol level while that
for the sampling site affected by various anthropogenic sources was
increased to 2.57. In conclusion, PCA and CA are suitable for
identifying and estimating the sources of air pollution. EF allows for
investigating the effect of sea salt on the PM-10 in the region where
sea—land breezes.
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Fig. 1. Sampling areas in Incheon, 2008.
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Fig. 2. A flow diagram for the study procedure.
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7198 # A7 (aerodynamic diameter) 10pmeo]d}<]

(PM-10)& 118&% A Z21FH#AA high-volume air sampleZ A&3}o]

1.13m3/min o #F3F& ¢F 24A1%F &< A RAFHE sk ATl

F high-volume air samplers inleto. 2 EZ3F F7|7F 45 75w

Z(acceleration jet) & E3ate] 10umET 2 JxAF 224 PM-10 inlet
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9] F& 3 (collection shim)ol A F&E3dfo] B2y
d EES Ak 37149 B85S wet 55 oAX]o Fo AfFH T
=3k PM-10 high-volume air sampler® A &3t SdF5S 2AsH] ¢
sl FHHEAS FPsA=d, BT 8—472—01] 18] A% Axial blower<]
carbon brushes(Model GBDE 13k3t & Slack-Tube Manometers (USA,
Dryer Instruments Inc.)®} high volume orifice fit(USA, Graseby/GMW)
£ o]&3slo] EPA Method TO-139¢] calibration of sampling systems 3t
ol oAzt FHFEAGS FRSATE A= AF A AFEH A= A
4] (quartz micro fiber filter, QM-A, 8x10, Whatman)& A}-&3}3t}.
o] A= Aol Si0Oy ZA], oF 500T7HA 9] o AY %O‘ﬁ, A5
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7bek ¥ power 4%} 34 ZHzb 684 kst FU]HA RS FESIS
o FUIYA RS FE53 3, A3 oA (filter paper, NO. 5B, 110mm,
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Fig. 3. Windrose and wind speed in Incheon, 2008.
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Fig. 4. Wind direction attribution to PM-10 in Incheon, 2008.



aF 4v YA 157 EAU7ISAE ARE o]gste FIHE WAUAE
B2AE Ages, AEALTY FFAD] AdEor nAEA St 24
71995t Ao® YEtgton, AFo] & u det=Al 5447 ks whet A
Ae 3 Tl mAMEA 2A=rt FUksta lon, FFol & uw $-EA
o YA AU|me] Ao o JFS v v Ao wotdch
2. PM-2.5, PM-10 ¥ #&(PM-2.5/PM-10) ZA} 7”%

E1E JAHAE HRS 2 =A9 PM-10 3 PM-25 29 %S vERd 3
o= QA PM-2.5 %9 PM-10 55+ 310ug/m3 2 60.0ug/m’ &
2+7F YEelgt o PM-2.5/PM-10 &< 51.72 ZAESoH, o= HE
Al 57.6, 9= 63.3 5 I ©E EA9 E&y vus] 2 u Ao

= g Uetd o' Heol mAbAA] 5 vl 2 dxtzAde] oste] m
AW e dwrt F713 Ao w Pt

Table 1. Summary on the PM-2.5, PM-10 and mass fraction of PM-2.5
and PM-10 by country

Location Megzlﬁirgéréent (il\g / 1?1 35) (zg[/;}lg) ;l%%égog Reference
Seoul, Korea | Aug 02| 338 | 587 | 576 7%
Viechend | T [ ma [ wes | ms | T
Fochisier, UK %, | 138 | 10 | ez | amigme
Ry Gormany | S | a5 | ws | ee7 | Fulibyhee
Egbe(rrt{lrgla;nada 199-194 10 16 62.5 Jeffr%ge7t al.,

3. 7] F AW AEEA Ay
D T35 Ad9sE X
a9 5% MAWMA F FEE FTEE TREEE(w/m)E dotR® Pb
0.052, Cd 0.003, Cr 0.004, Cu 0.262, Fe 0.978, Mn 0.044, Ni 0.006,
Al 0.469, Zn 0.209 2A], 54 5 Fed} Alo] 7MY B& BES 2A] 3

.
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Fig. 5. Box-whisker plot for variation of heavy metal component in
PM-10 in Incheon, 2008.

0.058, Fe 1.059, Al 0.462, Zn 0.266, 4l5% Pb 0.063, Fe 1.472, Al
0.604, Zn 0.254, &3H Pb 0.029, Fe 0.385, Al 0.307, Zn 0.087 & 7}

=
H 6% MAEA T ol2AE FATE(R)S el oA, 7 Fad
HEE(pg/m)E Lol Na® 0.371, CI' 1.491, SO,* 9.534, NOs
1=}

7.484, NH," 4.214 % BXEA, o)L A& Fo|A SO,, NO3 , NH, 7}
RS XS F 35 2AAAE o] A B (ug/m’)E e Aow
A AFEel 7PE wokar, Favle] MY W sREEEE BT 4 AA
W ooleAR RS dolnw, &

Bw% Na“ 0.796, CI” 1.421, SO,* 9.559,
NOs;~ 7.922, NH," 3.679, 7-9% Na' 0.697, Cl" 1.848, SO42- 8.362,
NO;~ 7.351, NH," 3.884, #Al%% Na' 0.626, ClI” 1.442, SO, 13.842,
NOs~ 11.341, NH,® 7.231, A1&% Na" 1.103, CI” 1.901, SO.* 8.556,
NO;~ 6.764, NH;" 3.404 28]z $8W Na' 0.719, CI° 1.491, SO
9.534, NO3~ 7.484, NH," 4.214% ®HY



Table 2. Summary on the heavy metal components in PM-10(ug/m?)

I[tems T | 7HEE | AYE | AsE | FAd 3t
Pb 0.049 0.061 0.058 0.063 0.029 0.052
Cd 0.002 0.004 0.002 0.002 0.003 0.003
Cr 0.003 0.006 0.004 0.005 0.002 0.004
Cu 0.275 0.758 0.107 0.104 0.068 0.262
Fe 0.732 1.243 1.059 1.472 0.385 0.978
Mn 0.037 0.056 0.048 0.060 0.018 0.044
Ni 0.006 0.007 0.005 0.009 0.003 0.006
Al 0.455 0.516 0.462 0.604 0.307 0.469
/n 0.162 0.277 0.266 0.254 0.087 0.209

A FAHELS Na*, Cl, SO.27, Mg?, K', Ca?" So& d#4
EPA, 1999a; Hopke, 1985), ®t{H, ClI'> sl F4w0lA
EE FEE BolWA ClI'9 Na'o] & AHAS

43 Jgo 2 dHA Ut

o OHoé(fresh sea salt)2 ClI'/Na'¢ H7} 1.8 <aA dom
(Gustafsson and Franzen, 2000; Finlayson-Pitts and Pitts, 2000) ®¥HH,
aged sea salty= Na'¢ 7]997F =31 Cl'Y A$E NaClo] 7t~4 3hak
(H2S04)# ¥h-gol 93] NaSO,= W3tEo] Cl-o] izZH7] wZo] e
7195 A HthHLee et al., 2002; Qin et al., 2002; Song et al., 2001;
Xie et al., 1999).

12 o H

rEé

(Cl/Na )aerosol
(Al /Na )seawater

EF Na(Cl =

é
LD

(enrichment factor; EF)7} 1o 7F7}9H CI'¢} Na'&= &

st Ao 2 Moy, sEFAgke] 11T A4 HH Q194 @
Ao A vlEE Ao = 7FF3ch(Yatin et al., 2000). ZAMR AEH ==A4¢
T 1 4 [e)

0
-

© $F 148, 7E%F 2.60, AYE 2.73, A&E 1.02, FaH 1.93 o=
A, s Abel o JF2 AFEI FEFOl V‘ T S shen,
A ekEo] A 2 % FS W= Ao yeiygt Cat e =R

o 3 - 5
XA AFESh Aol A EASHH Apsakde] mE vl o o3
T2 HEF¥+s E=2EZA(road dust)® marker® 4EA o



(Finlayson-Pitts and Pitts, 2000)
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Fig. 6. Box—whisker plot for variation of water soluble ions in PM-10
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E3], ol ZF 2z 299U (secondary aerosol)Z EHIE SO,
NOs, NHy" 5ol 7Fg =A ZAEN e skl -Aabd-g R Yol o
EAE HEsle] 2ol AlgkA oA ARIIeE A wAYAE =T ot
2w 7 T8 AREE Rl

Table 3. Summary on water soluble ion in PM-10(ug/m?)

Items SEE | THEE | AYs | AsE | SaEd gt
K 0.281 | 0422 | 0451 | 0395 | 0.307 | 0.371
Ca® 1.260 | 1.237 | 1.138 | 1.528 | 0.499 | 1.132
Mg 0.239 | 0.223 | 0.207 | 0.498 | 0.138 | 0.261
Na' 0.796 | 0.697 | 0.626 | 1.103 | 0.376 | 0.719
Cr 1421 | 1.848 | 1.442 | 1.901 | 0.841 | 1.491
S0.% 9559 | 8.362 | 13.845 | 8.556 | 7.349 | 9.534
NO;~ 7.922 | 7.351 | 11.341 | 6.764 | 4.039 | 7.484
NH,* 3.679 | 3.884 | 7.231 | 3.404 | 2.870 | 4.214
Ennchment |- 43 9.47 9.57 1.02 | 1.86 | 1.87




Kadowaki(1976)2 %71 (1996)°] °latH wAHAU NOs = NHO3%
NH32] wkg-o 2]3] NaNO; HE|Z th7]|sol] EAst= Aoz <&
A F A= NO22F HNOs 5ol 7[Ad AARAts & 2o o ol
i 571*3 AAYAFY] wbgo =z s NOs= Zulgare] oo EAlshH

1996)

a8y EAX A AEabd 9E] FE A= AAEES ORE

2p ooj2E0] QPO R Qg HAYAF A EAlSE AoR

(gh2A], 1997). & 5o A7l oH AAP ol

| Hlal] =2 E*é—% B glom, o= A

Aol-o] s 7ofsta ok itk SO E YAEE

7bod ﬁgi = wAYgAR 99(0.08~0.43um)F AL A

(1.1~2.1um)ell A & 935 Holw thr|Fe =7} dfd <

Na SOs1F MgS0O, = EAAS2 CaSO, 52 12 2 ¢

HTHE SOz Abslel] ofgh ARdm|~En gakedqixte] 23 A4

ALAl WAl g J&Fd oz LA . NH, ¢

HP‘WWE 01%’4%401 QAEHEA AR Gdol E=Ash=
A FAukg oz F3lo] 7)ot EHot

o T
4

2

|
)
oz
z 2
ru>i r
rﬂd |

::‘
o2

3) HAAE FE
7l & AR
[e)
o

H
7)€k A (organic carbon; OC), YA ¥lA(elemental carbon; EC), Eh

U
P% Fel

A &-(carbonaceous particle or total carbon; TC)<

A

At Bk A (carbonate carbon; CO)E EF/E & Jdomw, 7] T ooj=£9]
T8 FEE AASt L . frlgAaE S9YodA AR R A aE
HAY 12 f7184x), F3ewks S o8] dAz AIEH2Ar fr1e
). 7l AE GRS g@HARAdEe] 9F 50 ~ 60 % BEE AASIAL U+
Ao Z delA vt HhHeo] YA'AS] 5= o] AR Aie
o3 HrjFoz A WEHE 13 LE9EZot) davtas 487 BEY
CREA FY %9 99 gr)|Foz w2 s 8ad AeE B
S} ZFE A7zt A frEfEt tiF-Eo] 2 um o]/ AWYA G 2F
Hoh E=gk gk B AA JA EEAEEY 1% olskE AL Q)
of YARME ' Eoll A i}xlﬁ‘i— o]: A9 FAlE HZo|tH(Kim et al.,



oo E 20089 2¥RE 997kA] AFHI A2
4l

(Elemental Analyzer; EA)E o]&3to] PM-10 & X3dH A A5
S B4 B AFd A ARESE AR = 77BN dAaEAe) f
7NeAE FEekA o] witel EAAdE YA gAY sERks
S48tk 2 AF7IEE YA AR AA "dsEE 121 ug
/m’2 ZAE o, Haghe 4.2 pg/m’, AL 43.9 pg/m’ B 2ALE

2 AFAYG ] dAY sarsEs v= LA 49 EA]AY Santa Barbara
(8.8ug/m”) ¥ 7ke] K-puszta A9 (8.0 ~ 13.2 pg/m’), 1 A&
(19.5 pg/m®)3 HAFS WS Yebllth(Gelencser et al., 2000, Kim et
al.,, 19991, Chow et al., 1996). "MW A & FeA7F oF 20.3 %5 #HA|
e Zo® FANESeH, Harrison et al,(1970W)+= F=r FAE=AI0 H
WAAAANA mHAHA = oF 18% AHAEE YAV A steE o=
Quero et al., (2001)2 =¥ ¢le] EA R AoA Jx}at e o] A=
Hlgo] mlAAe] ¢k 12 ~ 20 % BEE AAshe= Ao 2 HiE bvf Q.
Hwag et al.,(2003)2 A&A|FoA JAA FeaFE=7F 20019 (16.48
rg/mY) > 19999 (14.96 ug/m®) > 20004 (13.06 ug/m’>)EA ALH 1A
Al e A SAaAdE e W= 1996 d k=l 24.6%, 2000l
16.4%, 200130 11.8%% H.i1gk v} g},

’

Table 4. Comparison of total carbon in PM-10 by country

Sampling site Period Area | Particle TC
This Study Feb ~ Oct, 2008 Urban PM-10 20.8
Seoul, Korea 13 ~ 22 June, 1994 Urban PM-10 19.5

Santa Barbara, CA, USA Oct. ~ Dec. 1989 Urban PM-10 8.8
K-puszta, Hungary May, June, 1997 Urban PM-10 8.0~13.2
Castello, Spain 12 ~ 23 July, 1999 Urban PM-10 2.9~6.8

. Fall, 1984 Urban PM-10 5.8

Paris, France Winter, 1986~1987 | Urban | PM-10 20.5

. Spring, 1986~1987 Urban PM-10 8.4

Fif, France Summer, 1984~1987 | Urban | PM-10 6.3

Landes, France Fall, 1984 Rural PM-10 1.8
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S
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kel 7o ot dFs WA 7] W], 53] diawthe] A9 SH4EAR
A I FE 2] Aes ASs sedd Ay ddEdE 4y
A dtl T HAR AR BAARES A AL Qe TS Ul
dom A= 7|FRstd R S vAA drk 59], 0.1 ~ 1.0 um H
flo] dagart F2 Aggnd 7o ste dow duA Uk £3 9
z@2E W7l F AFAL A7) Wil A olEste] b A odw
9312 FA4 "t A AAE 7] F SO.7F SO = AbskstEd] Zul 2 A]
o AL ste] SO, FEE TUMIIE HEE 84/ frk(Hansen et al.,

2001; Hies et al., 2000; Gray and Cass, 1998; Hansen and McMurry,
1990; Dasch and Cadle, 1989).

Table 5. Correlation coefficient between components in PM-10

Pb Fe Mn /Zn Na’ CI" | SO, | NO3~ | NH,'
Pb 1.00
Fe 0.21 | 1.00
Mn 0.30 | 0.92 | 1.00
Zn 0.65 | 0.55 | 0.66 | 1.00
Na’ 0.03 | 0.03 | 0.15 | 0.09 | 1.00
Cl 043 | 0.17 | 0.19 | 0.30 | 0.57 | 1.00
SO~ | 0.25 | -0.24 | -0.20 | -0.16 | 0.18 | 0.38 | 1.00
NO3z 0.53 | -0.06 | -0.04 | 0.18 | 0.11 | 0.40 | 0.60 | 1.00
NH," 0.38 | -0.23 | -0.25 | -0.04 | -0.22 | 0.19 | 0.75 | 0.72 | 1.00

¥ 5% "AWUAY AL g BAREEA, PbY Zn 0.65, Pbet
NO3 ¥ 0.532A4 A%x} @& (motor vehicle) 9 Yol| kS o} H]ulZ
o AAAS HO ZoR FAAU Fest Mne 0.92, Fet Zn: 0.55,
Mn¢t ZnE 0.660.24 A 34 #HI 0AY J&o] &) i =& 4
HAS Hel Aoz FAAC dH, Na ¢ Cl'E 0.572A] afetd <143
EAEAY el 9F gFgom dste] v ¥ dEkion, SO,7 ¢
NO; & 0.60ZA AiA] HAE NOxet SOx7} Fatol e @ Ailo]l o7
M3, SO, 9 NH,( & 0.75, NO3 ¢ NH' &= 0.7224 718 2 A

A4 (oil, coal combustion)s2l F&o =z Qlsle] = AAALE B



Table 6. Comparison of major components in PM-10 by country

o _ Heavy
T SO, NO3 Total Carbon
metals
QI Al 16.1 11.5 10.4 20.8
EEE 17.2 13.5 10.5 17.8
This Study | 9% 15.0 11.4 12.1 25.4
(PM-10) A ks 19.0 13.2 9.1 20.3
AeF 13.0 10.2 13.3 17.3
sl 16.3 9.0 7.0 18.0
25.8
A& Hs5007, 3) 17.2 14.6 14.9 (0C:19.4,
EC:6.4)
} } 22.6
old 845 (07, 3) 16.9 12.5 15.0 (0C:16.9,
EC:6.5

¥ 62 a8 7L uAHA Fo FAAHES SO, NOs, Heavy metals
2 Total Carbon & 7]|+oZ HAMTHZA 7|odE=E H7lsk Ay Total
Carbon > SO, > NOs~ > Heavy metals A2 YElgth AddE2E &2
= A A Total Carbon7t 7} =gtoi}l, SO,%7, NOs 2 Heavy
metals 5+ AFAHZ oFe] £ Hes BT AE desd I &
AsAdES oz AAG ZAEARC07E 3D)dA e F A-ANA BT

Total Carbon > SO.% > Heavy metals > NO; A4S w3t}

S0,%
16%

efc, NO,
4% 12%
eavy metals
10%

Total Carbon
21%

Fig. 7. Average component contributions to PM—-10 mass

concentration in Incheon, 2008.



451%4

X 12
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FA A A7 )
1) FAAE B4 (PCA; principal component analysis)
o] 7|(p=2)9 %A W<(quantitative variable)E Alo]e] wEAMsiE ) A
HAH S o]fste] o] WEEY HAIAFOR FAHE= F4E(principal

component)S Za o] FA F83 m(<p)fe FARCE AHAAWHE
ar
[e]

fFES Asts tha® ST FAEEA S HEREAY T M
71241 EAHOREA, AR o] e o TR #S55AS 7R
ARE Aol gl 2 N Y S48 RE a%ste] Aue 5A4S AW
st 1ol t7] ol 2Fe] B oA ASFELS AT F=
& AewEel sigetH, A daz 5% 549 (principal component)<
TP Aol A0 AR FF(source type)E WERATI & 4 Q). o] FA
i Aol A Al TR QA FetEE oW EAld Y dAzte] g
HAE guisie] 1 54Y9a9 Ay A3 S F Uk B AFdAE
A5 TE5 Ao @GR BF 27] wite] FRAE S o] &t F
AEEAS AAEGY 3 78 vAHAY AR s EUE AR
TS A A9E HoFa o Al 1 FAEY il Xl (eigen value)7}
11.933424 HAAARS] 51.1%, Al 2 TS 8476824 HA AHH
36.33, Al 3 FAAELS 2.5528=4 10.94%, Al 4 TAHAELS 0.3714=A
1.59%¢] ARE Agsta vy drbdgoz FAEY A9 o 7| o
o} A 7E 1o]7dl Ais AEet, 2 dTelA s AAREE 25 A9
ozl FAE 4715 A9st

Table 7. Eigenvalues of covariance matrix by principal component

analysis
[tem Eigen value Difference Proportion Cumulative
1 11.9334 3.4565 0.5114 0.5114
2 8.4768 5.9240 0.3633 0.8747
3 2.5528 2.1814 0.1094 0.9841
4 0.3714 0.3714 0.0159 1.0000
T g FARY WA AFT At DREE e Ao mavy
(eigenvectors)«= T Wy A7|=2A o]F Folo] 7 FAHTY onE



o}
dust)@ FAHAT. duwrzlog ¥FER AAExlo] o3 EAL PM-10,
PM-2.5 ¥ NOy; A&7 vi§ =2 434S Yehde= Aoz 43 A
i A AsA LAY marker® &l dom, Zn 9o A
ojojo] wmiEAlo| TgF wEshe Zo® deA  ArhEIxe 1
2003a; Hopke, 1985). Al 2 FAELS NOs~, SO, NHy" So] 73
ABBARA AAe ok 36.33%F A st ow mAHA 23}
(secondary pollution)o. & FAH L, 53], i -Ad -y oty
TAIE HFEte] 9ddo] AdA Aol A= AR T1eh A A A}

oMt Aew AHA Uk,

off
Mg
N

2

Table 8. Eigenvector of factors by principal component analysis

[tem prinl prin2 prin3 prin4
Pb 0.0008 -0.0015 0.0036 0.0042
Cd 0.0006 -0.0008 -0.0024 -0.0033
Cr 0.0004 0.0000 0.0025 0.0020
Cu 0.1348 -0.0737 0.0706 -0.3262
Fe 0.0217 -0.1212 0.2571 0.6046
Mn 0.0014 -0.0039 0.0108 0.0140
Ni 0.0000 0.0000 0.0000 0.0000
Al -0.0072 -0.0330 0.0628 0.0275
7n 0.0178 -0.0070 0.0307 0.0970
K" 0.0098 -0.0042 -0.0602 -0.0262

Ca®" -0.0166 -0.0418 0.3346 0.0139

Mg** -0.0526 -0.0674 0.1029 0.2408
Na* -0.0363 -0.0369 0.2098 -0.0666
Cl 0.0188 -0.0936 0.1892 0.1678

S04 0.1479 0.7419 -0.2693 -0.1338

NOs~ 0.1898 0.4576 0.7659 -0.1183

NH," 0.1451 0.3703 -0.2297 0.6311
TC 0.9471 -0.2551 -0.0757 -0.0108

couce tpe | AL, | Scondary | consruetonal & - repyeq




A 3 FAAEE NO; 2 tF-E9 S55 Aol oFsh g9 JaAAA=ZA A
Aol ¢k 10.94%5 A#Astelomn, ol A 9 ¥dH Q
(constructional and industria) &2 FA4Ht}. A
oFgh AiAICl WA, Fex} NH,', Al So] %o AuaA
1.59%E At on B¢ W s (soil and sea water)
o2 FAH

Fig. 8. Plot of prin2*prinl by principal component analysis.
[OB1($X%), OB2(7-¥ %), OB3(AY%), OB4(4l&%), OB5(F3H)].

Fig. 9. Plot of prin2*prin3 by principal component analysis.



2) 3 EA (Cluster Analysis)

ol

i

=
=

ARAH AR

st o2

+5

a3

o

)

il

3z
ar

]
=)

HEAH(Ward's minimum variance)gt
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Fig. 10. Dendrogram by cluster analysis (Ward's method).
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Toll ¥e PM-109F PM-2.5 §%o]WA, NOs, SO % NH,” & 19174
} 1548 Ad Ador waw

Table 9. Ward's minimum variance cluster analysis

[tem Eigen value Difference Proportion Cumulative
1 12.1863 1.3207 0.4362 0.4362
2 10.8656 6.2655 0.3889 0.8251
3 4.6000 4.3140 0.1647 0.9898
4 0.0000 0.2860 0.0102 1.0000

Table 10. Cluster history by cluster analysis

NCL Cluster Joined FREQ | SPRSQ RSQ PSF PST?2
4 0OB2 OB4 2 0.0105 0.990 31.4
3 OB1 CL4 3 0.0259 0.964 20.5 2.5
2 CL3 OB5 4 0.1839 0.780 10.6 10.1
1 CL2 0B3 5 0.7797 0.000 . 10.6

O JAHAGUAHEA(PM-10) 748+ T4 20.8%, A4t 16.1%, &
A

M 11.5%, 55438E 10.4%, 7 EF 41.2% =FA] St

O dlidel 23t nAHa=] odgde A7 %%ﬁ]"?‘(Ennchment Factor)+
SEE 148, TLE 260, ALE 273, AFF 1.02, a9 1.93024,
NEFEYN SEE MGGl ofgk o] & ‘E‘L_, 74]%k = AR
AA G kS

O FAETEA] ¢

X (principal component analysis) 23}l ¢lstd, #| 1 F4

© Total Carbon, NO3", S04, NH,” 7} %< A=A AAGE oF
51.14%% Huﬂo}ﬂ A= FRowAN EIHFERE 2sak HA AU (paved
road dust)® FGEY. LFEZ9 At o 5442 PM-10, PM-2.5
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