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To investigate the chemical characteristics of PMys in Seoul, Korea, atmospheric particulate matters were
collected using a PM,o dichotomous sampler including PM;e and PM;; inlet during the period of October 2000
to September 2001. The Inductively Coupled Plasma-Mass Spectromety (ICP-MS), lon Chromatography (IC)
methods were used to determine the concentration of both metal and ionic species. A statistical analysis was
performed for the heavy metals data set using a principal component analysis (PCA) to derived important
factors inherent in the interactions among the variables.

The mean concentrations of ambient PM,s and PMio were 24.47 and 45.27 pg/nr, respectively. PM,s masses
also showed temporal variations both yearly and seasonally. The ratios of PM,s/PMio was 0.54, which similar
to the value of 0.60 in North America. Soil-related chemical components (such as Al, Ca, Fe, Si, and Mn)
were abundant in PMyo, while anthropogenic components (such as As, Cd, Cr, V, Zn and Pb) were abundant
in PM,s. Total water soluble ions constituted 30~50 % of PM,s mass, and sulfate, nitrate and ammonium
were main components in water soluble ions. Reactive forms of NH,  were considered as NH,NO; and
(NH4):SO4 during the sampling periods.

In the results of PCA for PM;s we identified three principal components. Major contribution to PMys
seemed to be soil, oil combustion, unidentified source. Further study, the detailed interpretation of these data
will need efforts in order to identify emission sources.

Keyword : PMas, PMio, PMio dichotomous sampler, PCA(principal component analysis)
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Fig. 1. Map of sampling site.

Table 1. Summery meteorological conditions during
the measurement periods

Measurement Temperature Relative Wind S
period (C) Humidity (%) peed (%)
Spring 125 £ 69 541 £125 25%09
Summer 250 £ 24 718 £11.0 1306
Fall 148 £ 72 508 =115 1506
Winter -12+£49 599 + 120 22*07




Ne HET AY nADAY setd 24 #e AT

E 3712 125T, €% 541 %, F£L2 25 %=
Uehton o223 HI7IL B T, % 718

T4 13 %E EAES AEH FEIT F
3, ALAR B- FHo] & Z22 Y
=4 94 filtere Ranged Telfon membrane
filter (2.0 ym pore size, 37 mm diameter, Graseby-
Andersen TEF-DISC™& Atgationd, uieta g
4 d¥(blank filter), 834 HAE(field blank), 4
¥4 BE|(lab blank), ZHNE To2 PRIIATH
AHRE filters vlEEES o] Hn F&Aol F
of 9 JFPo] Ao 2 wgREAE sHA
Ao FARE 7ta9 §F43td ey dhe s
dodlA g FEL /T e ¢34 At
Z filterell oA FAE £ Qe FEY F3
< HaFsr g8 54 A - Fo g2 - FF
HE f-XA7]= dAlA 8 (sanplate co., model :
D-BOX) uWlollA 48A17F o] B ¥l gl
T 7% 001 mg® 33HE (mettler toled co.,
model : AG245)Z A ZFst4ch

22 Ng9 24

8% A8 728 4387 98A Standard
Method (for the examination of water and waste-
water, 18th edition, 1992)& #123t9 Microwave
HE o] &ttt Microwave Az Wy 7|E
o] A Wyl v} 3 - mhste A FA] 9
Bal7t o]Foix)7] wo] AXNE NS @d£E
F Aoy, A4 &uid S gl ¥
A st7) el 4o AR} nFdse §E2EY
2D R re W stsAe] Ho AAdA &
Aste 028 29 4+ Ak Microwaved #F
9] Questron Corporation jite] Q45 Enviroprep.&
AL-E-31 5t}

Microwave®] vesselol 92]& ¥ 31 1.03M HNOs;
+ 223M HCl (1:1)& 10 o 718t microwave2
545Well A 58, 545Well M 58, 34Wol o 52& 7}
d¥ % oAl 1L03M HNOs; + 223M HCl (D&
15 mE 7tsted FHAF 25 me oz (cellulose

oX o

Table 2. Operating condition for the ICP-MS

RF forward power 1000watt
Plasma argon flow 14.8 ¢ /min
Auxiliary argon flow 0.84 ¢ /min
Nebulizer argon flow 0.90 ¢ /min
Sample uptake flow 1.0m¢/min
Nebulixer Cross flow type
Quadrupole chamber 2 X107 torr

nitrate membrane filter, 0.45 ym pore size, whatman
Co)E ol&3te o135 ¥ Inductively Coupled
Plasma Mass Spectromety (perkin-elmer co., medel
: sciex elan 5000)2 24 AAHA F T3
& AR F 390 HAES E45goH BAA A
A 57 ZAEgAo ez ZAME Al As, Ba,
Ca, Cd, Cr, Cu, Fe, Mn, Pb, V, Zn9] 127}7 2 &
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Table 3. Results of performance test for the extraction
and analytical methods used in this study

Metal NBS 1643 MV MR RSD IDL

Component  (ug/m’)  (ug/m') (%) (%) (ug/?)
Al 11460 10270 8962 100 410
As 82.10 7989 9731 373 1124
Ba 49.60 4501 90.75 065 129
Ca 36800.00 28080.00 7630 063 634.20
Cd 12.20 1052 823 263 074
Cr 19.00 1553 8174 279 253
Cu 22.30 1969 8830 1.06 112
Fe 106.90 9752 91.23 278 19.27
Mn 35.10 3213 914 075 1.52
Pb 3530 3401 9635 231 175
A\ 31.40 2750 87158 641 1757
Zn 73.90 5726 7748 1.05 3.38

Note) NBS 1634 is NBS SRM 1634 certified values;
MV is measurement values; MR is mean
recovery; RSD is relative standard deviation;
IDL is instrumental detection limit. The mea-
surement value, mean recovery, and RSD are
obtained based on 12 determinations using the
analytical procedure on NBS 1634 urban parti-
culate standard. The concentrations given in
the table are expressed in w/v basis
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Table 4. Reproducibility test of ion components
Ion Standard peak area
Component S-1 S-2 5-3 S-4 S-5 mean ) RSD"(%)
Na' 330193 328845 329050 329362 331032 329696.50 906.16 0.27
NH{' 1195395 1202012 1200010 1199139 1198362 1198984.00 242452 0.20
K' 882562 95715 90250 91509 94250 92057.20 291422 317
Mg” 31380 32075 31980 31811 32000 31849.33 279.46 0.83
Ca” 257850 232024 248503 246125 253532 24760690  9821.55 397
F 42459 43907 42980 43115 43520 43196.27 54927 1.27
Cr 220866 213082 219032 217660 212900 216708.00 3579.28 165
NOs 1506839 1515449 1515530 1512606 1513700 15282500 356539 0.24
S04 1982221 1985113 1983152 1983495 1987630 1984322.00 2123.38 0.11

Note) “Standard Deviation; “Relative Standard Deviation
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Table 5. Summary statistics of seasonally PMi and PMzs measured in Seoul (Oct. 2000.-Sep. 2001)

(unit: pg/m*)

PM2s PMio PMys

a - b a . b /PMio

N Mean  Max. Min. S.D. N Mean Max. Min. S.D. ratio
Spring 8 28.79 46.75 16.19 11.44 8 43.33 62.13 25.39 1493 0.66
Summer 7 14.92 29.13 518 7.66 7 30.75 .56 15.37 12.99 0.49
Fall 10 1862 2768 821 7.07 10 36.97 50.18 21.38 10.11 0.50
Winter 9 3391 4634 2036 8% 9 66.58 94.29 4415 17.14 0.51
Mean 34 24.47 46.84 518 11.46 34 45.27 94.29 15.37 19.33 054

Note) *Number of sampling; "Standard deviation

669



100+
*PMyg vs. PM, 5
--- Regression .
A 804
%i . .
g 80 * .
g " . .
(.'.’. LR SR
L] *
g 0 ot e
- e T e . PM, =4.20 PM,; + 991
-3 S 2 =
E oy . R?=0.73 {p<0.05)
204 o
‘.
0 4 " - U » -
] 10 20 30 40 50

PM,; mass Conc.(xgim?)

Fig. 2. Relationship between PMiy and PM:s mass
concentrations.

Table 6. Seasonal concentration of chemical elements
in PMg,s

(unit : pg/m')

Spring Summer Fall Winter Mean
Metal 2.18 158 1.04 2.48 193
Ion 9.43 592 8901 11.75 10.12

Others 1717 741 7.62 1967 13.40
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Table 7. Distribution of heavy metals in PMyy and PM:s collected in Seoul (Oct. 2000.-Sep. 2001)
(unit : pg/m’)
PMss PMjo PMz5/PMio
N° Mean SD” Max Min. N* Mean  SD° Max. Min. Ratio
Al 34 02088 02207 1.0003 0.0014 A 0808 03842 20007 0.1083 0.2582
As 34 00208 00392 01295 0.0000 H 00532 0068 02099  0.0000 0.3910
Ba 34 00634 00625 02010 0.0019 34 01203 0.08%6 02977 0.0054 0.5270
Ca 34 01054 01649 0.7489  0.0000 H 05543 03875 14507  0.0000 0.1901
Cd 34 00014 00007 0.0033 0.0000 H 0.0017  0.0008 0.0039  0.0001 0.8235
Cr 34 00115 00366 02166 0.0006 H 00191 003% 02191 0.0018 0.6021
Cu 34 00133 00075 00341 0.0026 A 00259 00110 0.0548 0.0102 05135
Fe 34 02258 02913 11858  0.0000 A 05912 04491 15692  0.0000 0.3819
Mn 34 00108 0.0093 0.0428 0.0000 34 00252 0.0152 00656 0.0077 0.4286
Pb 34 00319 00143 00692 0.0038 H 00419 00165 0.0839 0.0091 0.7613
Si 34 10733 1595 71916 0.0269 34 23938 21839 85497 0.5482 0.4484
\% 34 00631 01986 11699 0.0000 A 00681 02041 11699 1169 0.7797
7n 34 01141 00878 04441 0.0098 34 01724 01116 04441 05257 0.6618
Note) “Number of sampling; "Standard deviation
Table 8. Seasonal concentration of heavy metals of E79 HAZI YA S v 9= Ao
PMzs z zAED 9t o] %2 Az wgdz
(unit : pg/m)  QlejHQ) HALL JdYEE BT YT 2w
Fall Winter  Spring  Summer 2 Mn€ ©]&39 enrichment factorg 4&3t9o
Al 0.1104 0.2633 0.3507 0.0427 o A 5P AlE o] §3e] enrichment factor®
As 00085 00045 00687 00053 g i:{ﬁﬁtl 5}4‘3 7 :}; Eq]é;é ;l ael :]l 4 quds%l
pid e 2018 o= T« =
Ba 0.0383 0.1192 0.0329 0.0370 2 olfald B rdge z8908, oe
Ca 0.0441 0.0938 0.2366 0.0313 o] Ae Hastdrt
Cd 0.0010 0.0016 0.0019 0.0011
Cr 00263 00015 00057  0.0086 Eorel e 800 - —SP x 100 C X 100
Cu 00085 00119 0.0213 0.0112 PR3 Soilsi X Cryes
Fe 0.1705 0.1380 0.4048 0.1668 1714, Cras : PM2s®l % % (ug/mr)
Mn 0.0061 0.0093 0.0191 0.0077 Cei : EGo|A 71648 PMyse] =5
Pb 0.0247 0.0386 0.0398 0.0176 Cs D PM2s 3 Si9 %% (ug/m)
Si 0.3517 1.6548 0.8733 1.1403 Soilsi * EGAHE F Siy FF5=ul(g/g)
\" 0.1338 0.0023 0.0227 0.0329 o AolA B2 Vdee HEar] U8 Vino-
Zn 0.1152 0.1417 0.0927 0.0735 =

Tunghai =902
mETE %

1 pe/m)3 Osaka #9014 pg/
EEE HIAT LA AF(0.04 ye

/mIETHE e T2 B0 iR ojx 23x
Aol FHQ AL, 27kl A3 FL AEAAA

WEE Wozkee 93 we oz ARdw,
AT AAH BYPAN HBHE FEEY G
% st dum Alm
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744 ol TdEo] gt o] AL NOs (350 pg
/m), SOF (3.08 pg/m), CI'(124 ug/m'), NHs (1.06

pg/m) CO2 RAHQ oM, NEAFAN Y ¥
< FEY o] E NO; oIt o= LA, Osaka,

* anion vs. cation
--—-regression

Al .

L4

2l

AN

Thunghai A9} #443 ZAatg mgoy ™ o
00 ARG 2R Fae SOL 9 FE
7t EA 2 BAAY g7 Fowa
A9 A oF JFL Bl W Ao Alw
g},

PI\/IOS/PMIO-’] H & ZAMG A3
(0.76), SO (0.78)% PMas® 74
& g% = Yew,
PMill ¥} PM2s7} ol
t. Chow™& PMzsoll 2 #4)

84 cEyEd 0y,
ol LB o

JE2 7AW
ol gEdY FE 01%45
1194 BE A3 7o) PM2set =84 o
o AHAHE A 43, Cl, NOs, 50424
AF7t 24zt 045, 0.72, 0582 Tha =4 BEH
PMzs %9 ¥Hie= 2AdHd dAdETE Y
Aol wgde] dge v Hor Amdr)

NH;'9] BEFFEE 1.061098 pg/m'E Z9oj A
ZAFE Osaka(l.30 pg/m’), LA.(455 pg/m) X ER
o @e ¥25 240 & o %) PAxY
oA ZAMS AR e ANE , ol
gWe) HZA oA zAMS ATt A %ké

i)

_ Rel Hexde qAHow WAtE NH:el 5
T } He 7o ARET. PMhs & Fo1£8 NI
T’ o
g
3 b Table 10. Seasonal concentration of ion components
g :-"‘;_..--‘.'.". ) of PMzs
SR 13 e o it + /)
* Spring Summer Fall Winter
. Na' 0.3769 0.5214 0.1336 0.8589
"o 1 3 3 NH,' 0583 14502 14616 00150
Cation(ueq/m?) cl 1.3261 12137 10060 06318
Fig. 3. Correlations between total anion and cation NOs 3.1879 4.0653 3.5387 0.2351
concentration. SO 27523 37062 29%9 15173
Table 9. Distribution of ion components in PMio and PMzs collected in Seoul(Oct. 2000.-Sep. 2001)
(unit : pg/m")
PMos PMyg PM25/PMig
N° Mean SD” Max. Min N°* Mean SD” Max. Min Ratio
Na' 20 0493 06141 25151 0.1250 20 07328 06291 25151 02523 0.6629
NH:' 20 1.0580 09800 39543 0.0246 20 19056 12001 39543 4.1558 0.5552
cr 20 12359 07086 28414 0.2655 20 17629 12121 28414 57074 0.7011
NOs 20 34974 18380 70116 04702 20 45828 23394 70114 9334 0.7632
SOy° 20 30754 10801 56063 14046 20 3%13 14428 56063  7.7073 0.7783

Note) *Number of sampling; "Standard deviation
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Table 11. Correlation coefficient matrix among 1on
components in Seoul

Na' NHY CI' NOy SO PM:s
Na' 1.000 0368 0606 0219 0152 0250
NH,' 1000 0430 0454 0460 0228
Cl 1.000 0563 0336 0455
NOs 1.000 0802 0727
S04 1.000 0580
PM;s 1.000
3
-E?- r=0.82
g
3z
1 . =< ¢
. »-:.‘ .
) . N ]
0.00 02 04 06 .08 10 12
NO;- (negin?)
Fig. 4. Correlation between NHs and NO; observed
at Seoul.
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T2 000022 FAHoZ fo% ZAHE HY A WF 292 Crez &5 H 98 %= A4
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473%E M3 -\—T"ril“ 61447} veht EQe] gl o= *}fiilfﬁ o] AFdMNe EGAEH
'\1 2AE Aoz FRAHY, o FFAF T AAd2d AAT AAFH wE Lo 9§ 299
7] Ao 9]?'& FEFe ¥ Ao AlZd & WHEES HolxE AL FAHAC
‘:}_.33)
T HA 89Q1& Ba, ZnozZ FEAY 135 %E 4. & <ok
Aesie] IfAE 17577 JEd Afdey B g7 Aexde] PMysel HEH 24S =
UAE Aoz FAHHY oz FH A AF 4 A8l 95t 20009 109 192E 20014 99 %
A7A AFE(E, 98, 7S AR PMp di-
42- chotomous air samplerg o]&3ld TS F,
R : ICP-MSE °] &3t HE§A o] 1371419 F
, w4 A¥(Al As, Ba, Ca Cd, Cr, Cu, Fe, Mn,
08« Pb, Si, V, Zn)3} ICE o] &3} 57}7‘]-’] T84 o
5 * ’ 24 EMNa', NH/, CI', NOs, SO )& ZA/2A %
§ o - Rt BAFo) 2012 PMpssl BEsh 85 A4
3 2o ¥ 2 AAYZ unsgon 23L& Y
o o 4HHA wARe JAAEE metsir] ek
o R BAL AN
e B 1) 24717t & PMps®] AdY ¥E= 423391
o, o . pg/mt) > E(2R879 pg/m) > 7+ (1862 pe/m) >
0.00 62 :‘(uqmﬂ,oe .08 10 o 2(14.92 /zg/m) o2 ZAHY 2 ALH
Fig. 6. Correlation between Na~ and CI” observed at o d71F PMas® $57F w2 RS AT F
Seoul. AR} PMpell thdt PMas9] 7= 337~
Table 12. Result of principal component analysis of heavy metals in Seoul
Variable PC1 PC2 PC3 Communality
Mn 0.955 0.0% 0.205 0.963
Cu 0.931 0.016 -0.022 0.867
Ca 0.898 0.149 0.156 0.852
Cd 0.823 0.219 -0.084 0.731
Al 0.812 0.305 0.080 0.759
As 0.812 ~-0.182 -0.020 0.693
Fe 0.780 0.085 0.589 0.963
Pb 0.732 0.406 0.062 0.705
Ba -0.232 0.826 -0.215 0.782
Zn 0.001 0.727 0.118 0.552
Si 0.220 0.456 0.065 0.260
v -0.076 -0.338 -0.019 0.120
Cr -0.016 0.034 0.937 0.930
Eigenvalue 6.144 1.757 1.278
9% of vanance 47.3 135 98
Source type Soil and road dust Fuel combustion Unidentified
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