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Trace Elements Characterization of PMio in Seoul Area
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Abstract

PM;, aerosols were collected using low volume air sampler every month intervals from September 1992 to
August 1997 in Seoul. These samples were analyzed for 20 trace elements (Al, As, Ba, Br, Ca, Cl, Co, Cr, Fe, K,
Mn, Na, Ni, Pb, Sc, Se, Si, Ti, V and Zn) by INAA (instrumental neutron activation analysis), XRF (x-ray
fuorescence spectrometer), and ICP (inductively coupled plasma).

PMio mass concentrations higher than 70 pg/m* were 32% of 60 samples and had significantly higher
concentrations in spring and winter than in summer and fall (p—value < 0.001). The elements of As, Br, Cl, Ni, Pb,
Se, V, and Zn are enriched by factors of 20 to 2,000 relative to their natural abundance in crustal soil. To further
identify common sources of pollution-related trace elements, factor analysis was applied to the trace elements
concentration data. Major sources that contribute to the atmospheric loading of these elements were found to
include fossil fuel combustion, automobile and waste incineration (33.2%), metal processing industry (18.2%), and

soil (29.8%).
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Table 1. INAA conditions for the analysis of PMy, particles.

NeAde) PMo % vlkdae) B4 %7 365

Classification

Short time irradiation

Long time irradiation

TRIGA Mark~III research reactor
(Pneumatic transfer system)

Om=1.0%x10"n/cm? - s

Irradiation facilities

Neutron flux

Irradiation time 2 min
Cooling time 10 min
Counting time (y-ray spectrum meas.) 300sec

Element detected

Al, Ca, Cl,Mn, Ti, V(6 ea.)

TRIGA Mark-III research reactor
(In-core irradiation pipe)

Om=5.0x10"7n/cm? - s
10hr
5~7day or 15~ 30day
2000 sec or 4000 sec
As, Ba, Br, Co, Cr, Fe, K, Na, Ni, Sc, Se, Zn(12 ea.)

1/10 A= o]tz vJepgdtz, o] & Al,Ca,Na¥ Zn
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B2 a7 AeE Art dfane 2eE
g w2sb A7) Fo 2Rk nlgdad) ¥
st Alrloz Fe 7l o= vleh} INAA (Instru-
mental neutron activation analysis) @ XRF (x-ray
fluorescence spectrometer), ICP (Inductively Coupled
Plasma) ¥4l 233 2oz s snt.
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el M} Zo] AT X PMp FAE A
% 1/2& INAA, YHA] 12& XRF$} ICPgo 8
Fgale] Z+ AEEAE Y39, INAAZR 18F
UA%E, XRF¢} ICPE 77t Pb Sig A #EA 3}
At INAA A8 913le] Als A3 o] ARgE o
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Table 2. Analytical conditions of XRF.

X -ray generator

X-ray tube Target :Rh
Voltage :50kV
Current : 50mA
Power :2.5kW
B Analyzing : LiF (200), EDDT, RX-4
Fluorescent X —rays crystal TAP, GE. ADP

: Scintillation counter (SC)
Flow proportional counter
(FPC)

Detection Detector

PMyo 5 H|ZFAA4E P57 418 INAAL] 24
Argel AxFe]= NIST F A& (SRM-1648,
urban particulate matter and NIES CRM No. 8, urban
dust)E A}83}e] 3sigich NISTS] SRM-1648
AlRE NISTAAM FAg ube] wie} 105°Ce 2
Bl 2417 Bt AzAIR F Aoz YZA|A
AY 276 wek 10~200mgd Fste] ARG 1
ml polyethylene vialell Yo} 7} WEsle] s}
At INAAS o]3f &elxl SRM-1648 A|=.2] A}ef
LA 5% ] Ag=E vedL, Al
ANM V7R 2 T} HAE AAst AY 2
£ gasloict

PMio®] Si 42 X-A #3883 (A4 RIGAKU
iit, Model 3063)% ©]-4-3t3dt}. XRF £ 2] 7-¢ A
A% BT YT 272 A whz 2]
Fon, BMzAL w 29 P} TF AR (standard
reference material)x= 7}= NISTS] ZFA|ZEA
SRM-18322} SRM-1833& A}&-3}¢it} o] :FA]
&% A 2A" Y 29EAE XRFR &
A37] A mEAs2A vt =8 Pb #A L o
13AANEEE T3S AAE HHEF g
HNOsy/HCl £3tolof) 23t 233 &l wet A
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Table 3. Instrumental conditions for ICP analysis.

Instrumental conditions

RF power 1.2kW

RF frequency 40.68 MHz
Argon gas 15 l/min
Nitrogen gas 3 l/min
Nebulizer Ultrasonic nebulizer
Total run time / Sample 66 sec
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vepd AR viiEel mofridezs vl Siz
A FFEEE 2,761 +1,899 ng/m’ e 2 el on,
ol PMi UAFHS] 4.6%] gt o
B e AEL AlCE HPsEE 1,3224916ng/
mlelglom, o] AR w3 Ecfrjdor e ¥
Fo] NEAAR Mgt ARtk = JEF5E
7} 100ng/m?® ©)A}ql AJEE-2 Ca, Cl, Fe, K, Na, Pb,
Ti ¥ Zno|glet. ubde] Al Hejrh Z Hez
4#zl Co,Cr g Ni iAoz F2 ¥eg W
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Fig. 1. The distribution of annually average concentra-
tions of PM in Seoul between 1992 and 1997.
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Fig. 2. The monthly variation of PM;, concentrations in Seoul between 1992 and 1997.
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Fig. 3. The concentration distribution of metal compo-
nents in PMy, in Seoul.
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Table 4. Comparison of metal concentrations (ng/m?) of
PMyo in various cities.

Los
. Central Milan®
3] 3)
Elements This study Seoul Taiwan? Angeles (Italy)
SA)
Al 13224916 1800+2270 758 1420
Si 2761+£1899 2040 4160

Fe  1001+490 1320+1440 3495 836 1835
Ca 893+604 1280+1530 2225 585 1415

K 851+459 237 480
Na 5594237 51034 1632
Cl 5501422 1192
Zn 323+£152 202+119 1255 114 213
Pb 248+£137 70.5+40.4 66.5 84.4 215
Ti 124115 76.7 63
As 5731426 6.9
Br 47.0x£35.8 16.3 58
v 36.2+21.8 5.2 5
Mn  345%16.6 42.0+34.8 15.5 327 35
Ni 336117 73+4.1 4.6 5
Se 16.4+13.3 8.1
Cr 63+34 8.6%85 328 23.2 7

! Choi et al. (1999b), mean of 45 samples (PM o)

? Fang ef al. (1999), mean of 20 samples (PMq) during the summer

3 Chow et al. (1994), mean of 11 samples (PMg) during the summer
and fall

¥ Marcazzan et al. (2001), mean of 47 samples (PMo) during the
winter and summer

>

JeFs] B Fo| gtk (Chow ef al., 1994). 19973
HE] 1998437bA] o|&tE]ele] =A|A S Milane] Al
A9} wl¢ FAE £FE 1Y
o} (Marcazzan et al., 2001).
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)] H] 2 o] &3} =291} (enrichment fac-
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Fig. 4. The seasonal enrichment factors of trace ele-
ments relative to Al for the PM;o samples in Seoul.
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Atk SolA wiEHE ez deix glen, £3)
V& A9 ARt eddiedy wiEsHE Aoz
BT QI (Gao et al., 2002; Pacyna et al., 1984).
E% Assh St Amtdash Bishe] WEHE A
woz el vk (#4943 41 1992). EF
o] 1000 o]4Felm, 527} §& FEYFU4 Br
3} Pb fisRgol WA HrhHe Bl

AleA ] PMp 3 PlEdae] 54 27 369

ol X F7tA] AAgAapr) 83 wiEdo s d=A
At Brs} Pboll gt zAwle @2 7RISl
ola wrEA stom, AFa wMiEYed HI FaF
A Exdag o]&5o 3 (FFF 5, 1996). T
2] AFAE-E Br/Pbe] B]&o] 0.2~0.4 Akelol g
+& Basied, 2 d7olAe vj&E 020+
0.160]glom, AAW W& 0.15~02302 79
A E& 2ok o) Bg= Ro} Bri} Pb:
Ao} B Qe VYo Fa2gn.

3.2.2 E2QAl J|oie

ALY o 2 BE] WA= YAty YA F
2 2um o)) ZURz W7] o] EA
AL ERUAY YAREE F=2 22U
ol Zsel slelA ESuFololdBeel oo
PMice A A Adeke] A7z B33}
3 Chow 5-(1996)9] Santa Barbara Countyol|A] 2
A3 Ao wram, PM, Ay giEe =
F 719 AEelety Baslgel weld B o T
A AFHE AR Y Aol e 2FYRrY 7]ed7)
2 Aoz A7Fe] b Aoz b Fo Bt
T EUUAY kg AgH oz i) S8 =k
Y] ARULE ol golel EFYAL] 2ot =
F71od&& AAbslelet (Salma et al., 2001; Chan et
al., 1997).

23

Cuoit= 1.16 (1.90 ¢ (Al)+2.15 ¢ (Si)+1.67 ¢ (Ti)
+1.41 ¢(Ca)+2.09 ¢ (Fe)) )

C=(Csit/ Cpmio) X 100 3)

A71H, Caoird PMip 3 EFYAY] 5=, c(i)=
FEAE 19 v C: =9 E, Compod oY)
% PMod] sxeolvh AAL A3}, 2o Ate] 27 &
EE 139483 pg/mield.om, B 260+8.3 pg/m’,
o 7.0+2.6ug/m’, 7+ 9.7+28ug/m® U AL
13032 ug/m’s. o &, 712 9 ALHL o &
AR 28-S fRA 8 T, BEd) =AY
=7 M g€ o & gleh =3 PMyeell B9
24e] 7 & 23349.6%=2 A3 A 7Age
& 4 A ol FAAH (1999b)°) Rt B AL
7172 T MEA PMy ¥ EFUALY 7lod g4l
28.8%2} wl-¢- A Ao|gieh =3 dY =of
719&& AAbste] 23 5ol v Ao
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Fig. 5. The contribution of soil to PM, in using alumi-
num as indicator.
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Table 5. Factor loading of trace element data in Seoul.

Element Factor 1 Factor2 Factor3 Commonality
Se 0926 -0.072 0.258 0.930
Br 0917 -0.106 0.221 0.901
Cl 0.885 0.034 0.334 0.897
Zn 0.880 0.229 0.211 0.872
As 0.878 0.140 0.040 0.792
Pb 0.873  —0.070 0.170 0.871
v 0.871 0.248 0.326 0.926
Ni 0.669 0.323 0.519 0.821
Si —0.006 0.918 0.275 0.918
Al 0.016 0.917 0.257 0.908
Sc 0.093 0.893 0.279 0.884
Fe 0.119 0.893 0.058 0.815
Ca 0.198 0.833 0.304 0.826
Ti —0.184 0.812 0.341 0.810
Na 0.229 0.705 0.552 0.853
Cr 0.239 0.282 0.770 0.730
Mn 0.332 0.382 0.714 0.760
K 0.362 0.390 0.704 0.779
Co 0.374 0.357 0.588 0.614
Ba 0.256 0.268 0.529 0.417

Eigen value 6.643 5.967 3.640
variance %  33.2 29.8 18.2 81.2
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