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Abstract

Instrumental neutron activation analysis was used to measure the concentrations of 27
elements associated with respirable particulate matter (PM10) that were collected from the
Third and Fourth Industrial Complex Area of Daejeon City. The distribution patterns of
elements were clearly distinguished with their concentrations varying across more than four
orders of magnitude. The mean for Al were recorded to be the highest value of 1,527 ng/m?,
while that for In showed the lowest value of 0.1 ng/m3. If compared in terms of enrichment
factors, it was found that certain elements (e.g., As, Br, Cl, Cr, I, In, Sb, Se, and Zn) are enriched
in PM10 samples of the study site. The results of factor analysis indicated six factors with
statistical significance, which may exert dominant controls on regulating the elemental

concentration levels in the study area.
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EAHY W 584Uk PM10 (aerodynamic
equivalent diameter, AED, less than 10 tm)< ©f
3t LAl HiEH 54 v s(As, Cd,
Cr, Cu, Mn, Pb, Se, Zn)¥} EHt 2-8-310] 017ke] &
F71 Agell nlAl= F&Fe] mi$- AckNatusch et
al., 1974; Dockery and Pope, 1994). &&tA--50f
w2 PMI0 F=7} 10 pg/m3 S7FshH L4 A7)
APYEo] oF 1% 27181 (Lippmann, 1998), $87]
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542 QA Hlelie F7h L9l Fl 9 7]
7k 2dde] FAE 4 Bk vlg-aaA]l o
7129 el 5= s A AER V)i

A7 h71 YA} Az ] mlgea 240 FAAS
(Flame Atomic Absorption Spectrometry),
GFAAS (Graphite Furnace Atomic Absorption
Spectrometry), ICP-MS/AES (Inductively
Coupled Plasma—-Mass/Atomic Emission
Spectrometry) 5 F2 T EAHo] wo] o] 8]
o gt} o] F ICP-MSt thE &4 wof u|3s|
HETAE 21, webs] A Fe 2o Agshe
FAlof o7 7P7\1 HaE AT 4 37] dlzef 1t
FEAH = 7R 58351 i o 7 By} dho} 9k}
(ORD, 1999; ©]%1& &, 2002). ICP-MS+ DIEM
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29 938t spectral interference® zHal it} o]
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(BEC: Background Equivalent Concentration)
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w7k A= A AR 7AH
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7} Zetal 73l h A2 cellulose—fiber 14
(Whatman 41, 20X 25 cm)& ARE-3F=T, ©] of
Al sl el aletA o & vl A2 vigE

= 23 §lo] migrdAa] EAo] agA ol
High—volume air sampler?] < #3}o] w2 ¥
7] FA=2 AFH AR el orifice calibrator
(GMW-25)E& o]&ste] HAsIon 500417t 7
3t 3 motor brush& w3 wulct orifice
calibrator (GMW-25)% ©]&sto] 42 HAs)
Ak, YRS AR A= APAANA ARAIA
ot FAE W 5, AIREA] A7HA] HAA ]
Elof] ®ysiginh AR AFH= 20029 5E5H
2002 1287H4] 24A17tale} 3 7, & 60709 Al
F2E AF5te] INAAR EAs}ict
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2. INAA

INAAE $I3h A& AA 2= ICP-MSet 2= 1}
Ao Blgto] EA T o] v Theketd|, 1 1}
AL ol et PM10S ZHF St cellulose—fiber
A& ¥ro & Hbelal 1 jhe] A4S FFH o R
HA( cm diameter)dle] 5099715 AFsF & o
HHE7] ao] RAME AlBE 58H0.2~2.5 mg), &
A7) 940] AR AlRE 25%H1~10 mgks &
[t} AR 9] SR HALRRE flsto] Sk
ATA40] ALEURZ(HANARO)S AR ZA

jud

A8l 7145THPTS, @y, = 2.95% 1013 n/em? - sec)
ZAAE o3ttt dky] B2 F(Al Ba,
ClL I, In, Mg, Mn, Na, Ti, V) 2& #dz7] =
2 E(As, Br, Ce, Co, Cr, Cs, Fe, Hf, K, La,
Rb, Sb, Sc, Se, Sm, Th, Zn) 4A17F 5 5494}
ZARE STk BE AlRe AR SRS
O] Zjo] Fof| Pk WA AT FUI 7|54
Z20A ZALSEO] B4 QAE FaxD) A om, =
AP AR 8] B WAV Ao R RE HEE =
3 Arbe w7l wheh e QAR 5
AZsto] 7k Yaf] WAks Aleas ST W
Are Aol ARRE e Alznkg HHEA HE7
(EG&G ORTECT)+= 25% relative efficiency,
60Co9] 1332 keVolA 1.9 keV FWHM, Peak to
compton ratioZ} 45 : 1 ¢, 10 cm FAY &
2 AHAIA AR WARs B QR BARA ) YRk
223} oigle), Avbd ASS ot AEEE HA
4 mlo]3 EA4L $J5lo] Gamma vision(EG&G
ORTECQ)= AREsHlom HgAARS 7ide FE
(Power NAAYE AH&-5I9ITE INAAS] =4 2713t
TS 27 100 ek Qlk 123l INAAR 3
ok mlgea E4ATY] A= QA/QOE Hdl
71947 15 #FEEENIST SRM 1648, urban
particulate matter)< A&} FUIL 42710
ue} ZAEIE INAAY Fes H7Ieh A,
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PM 10 samples '——'l Place punched samples
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PTS, HANARO
[<— Short-lived nuclides : 2 min
Long-lived nuclides : 4 hour

Short-lived nuclides : 10 ~ 40 min
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Short-lived nuclides : 500 ~ 1200sec
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1
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Fig. 1. Analytic condition and procedure of INAA
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Al Ba, Br, Cl, Co, Cr, Cs, K, Mg, Mn, Na, Rb,
Th, Ti, V2 A2} 5% oW, Fe@}t Zne= 10% ©]
ol wie- Aokl ZAANE Btk 1Eal Ce,
Hf, La, Sb, Sc, Se= 20% ©|W], As¥} Sm< 30%
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m. Zx gl nAf

1. PM102t ¥lAEE

20024ef T 3, 45k Aol S4HE PMIO
] s E(N=60)i= 66.7+14.2 ug/m3%aL A
+ 40.1 pig/m?, 3= 93.3 pug/m3s Ui 24417
273 71% 2191 150 ug/m3e A%t 7141 70

pg/m3E BE ubESHe f2o|Qit) o] AR
Lim et al, (2005)°] t4d 1, 28T Holl A A
85.8 ug/m3 Hr} wron] Hus} 5(2000)0] 4
oA ZAIZ 69.6 g/m32t H]S=EE 4230}, 1
23 AFLHA A A-£(89.8 pg/m3)FF 1A
(94.9 ug/m3)e] SABe PAE, 2005)
Hepe W2 eEolv B A G AlFe ik A
(Han et al, 2005)914 BIZHARAIo =AM 44.3
pg/m3 B} & $Folth, S4E PMI0 529
HEEIE W 60~70 pg/m32] oA 3502
7 e MBS YL 70 ug/md ol HA]
37%= L}E}w} PMI0 555 A=7F 3le dEE
HE(1Y 2), 5, 697 11, 1290]] £ FEE Ko
7, 8, 1099 F=2k AolE HATHp<0.0). ol
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Fig. 2. Monthly distribution of PM10 in the third and fourth
industrial complex area of Daejeon city

A= 72 =W A Bf7] F PMI0 %7t &
I AL w2 AdHoRE £ sEE Holi
e B4} it

3 19 PMI0 W Y5k d] SAES B, A7)
I} Eofol| Al 7|9E]= Al Cl, Fe, K, Na2] F=7}
B3 BAE 0] $ A PMI0 A 9.7%
£ a3ttt HatsEE 7|E0 R HAE s Hol
£ In(0.1 ng/m?)3} HolsEE Hole Al(L527

ng/m?) 7ol 104 oJ4de] i Ajo] 2 n|FULE

o] - Y2 FEHLIE Holil i}, AFA Ao
A 2] mEFU A2 == Tn (Co {Se (As (I(V
{(Cr {Sb {Mn {Br {Ba {7Zn% <22 =4 4
EPga, EAE4E £ As, Cr, Mn, Se, V, Zn9 &5
L= 217} 5.67+3.82 ng/m3, 15.7+8.48 ng/m?,

Table 1. Statistical summary of the elemental concentrations
of PM10 samples collected in the third and fourth
industrial complex area of Daejeon city?

Mean SD Min Max N

Al 1527 | 676 | 287 | 3301 | 60
As s67 | 382 | 037 | 178 60
Ba | 480 | 212 | 149 | 112 58
Br | 435 | 250 | 18 | 967 59
Ce 163 | 080 | 067 | 467 51
a 1329 | 823 | 531 | 5734 | 59
Co | 080 | 046 | 015 | 3.23 60
Cr 157 | 848 | 535 | 462 53
Cs 038 | 027 | 003 | 209 60
Fe | 1016 | 663 | 193 | 2774 | 60
Hf | 016 | 007 | 003 | 046 58
I 100 | 423 | 122 | 209 59
In 010 | 008 | 000 | 037 58
K 1057 | 633 | 175 | 2822 | 60
La 091 | 068 | 009 | 479 58
Mg | 331 151 108 | 792 58
Mn | 335 | 166 | 34 | 938 60
Na 665 | 227 | 300 | 1501 | 49
Rb | 691 | 375 | 088 | 181 59
sb 158 | 127 | 18 | 618 58
Sc 018 | 009 | 003 | 049 59
Se 266 | 188 | 017 | 837 60
Sm | 067 | 042 | 004 | 194 58
Th | 030 | 019 | 002 | 1.33 58
Ti 634 | 301 | 910 | 150 59
v 1.6 | 457 | 242 | 265 60
Zn | 2015 | 1116 | 2197 | 547 60

PM10 06.7 14.2 40.1 93.3 60

4 All elemental concentrations are expressed in ng/m?,
while PM10 in pg/m3.



33.5+16.6 ng/m3, 2.66+1.88 ng/m3, 11.6+4.6
ng/m?, 202+ 112 ng/m3%ct, o|gfgt A= thd
1L,23HA Y (Lim et al, 2005)9014 ZAFE djiiE
o] 54559 FE BT s fEolgle

As, V, Zn®| - did 1, 2 FHA AR & 5
9 FEE BAI(p0.0D, +H@RIZY} H54,
2003)7 A-&(2-84 &, 2003)o14 2ARE EAF
&9] Fithe W2 otk 28, of2gt v
i Folli= - Ao Al ARgEH A YA F
Yt HA e Sofl thet ezt F4Aolh,

. 3ot QUXEEN
AT A ol o] Aoz I9A eH A=E
2AF817] 8l FSMAI~EF: Enrichment Factor)S
AbEstant, FeHla== Al Fe, Sieh 22 £ 2|7}
s 7o ® vl s o]F Hlust
AOTEHER = X/ Al ympie/ X/ All ). 1274
9] HX = Taylor2} McLennan(1985)0] B3
A% EFHYE disFshs 7 w1 28F
FEARE ol85elt), 119 32 o9t 242 v
= Ho] | ZF Y40 BRZEY] A E vijA|
317] 93 90 E94=(90th percentile), 10 &9
(10th percentile)t B¢k 7 Uebl ATt o
SFEF glol & A B 5 S 208 o) 23519
ek Azbsictar & 4= Qlch, W7F A3} EF 4k
10 #915 #ho] 108 28k 45 Hof HH,
Cr. In, 7n, As, CL, Br, I, Se, Sbe} 7+ 97 A5

e e

o ox

olct, ofefgt Yis2 AHEAKBr, Cl, Sh), 2H4<
9] 9d&(As, Cl, 1, Se, Zn), A&H71E AZt2
(@, Cr, In, Sh, Zn) = 4A1A(As, 1, Se, Zn)
59 ookt Yoz iy WA thHuang et
al., 1994; Zhao and Hopke, 2004). ©]&3} 219
A @AY Y452 EFFFe] B 7|E0 R ¢F
30~4,600 H=E] =2 gk Hof o] x]o] 4h¢d
ol sl A3l L=l Sle= & 4 Qo
oo YHHIE Tjofsty| fJsll EF A4t
Aol whe} 2171 (AL Ba, Ce, Cs, K, La, Mn,
Th, Ti, V)3 9127149 ¥4x(As, Br, Cl, Cr, 1,
In, Sh, Se, Zn)2 £-5Fsto] Hodrh Has=e] ¥
ot Z5 fA 245 sl 24 Y49 HtEeE
o]g3to] A3 normalizing) A ATHLE 4), o]
IHE HH AA7[He) dAEL 7, 89 7MY R
2 &5 Bo=d, o= A5Ed rainoutdt
washout @7l 23 Y7t tf7] So=ie &
5] AAE7] wfZelet, $HH, As, Br, Cl, Cr, I,
In, Sb, Se, Zn®t 22 Q1914 LA EAgE
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Fig. 3. Enrichment factor value for each element using Al as a
reference element. Error bars are used to show both the
10th and 90th percentiles of EF values for each specific
element
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(b) Elements of anthropogenic origin

Fig. 4. Monthly variations of elemental concentrations after
normalization by the mean concentrations for all period
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O] At s S o83l sAZMCE fot
SRS FEShe th" A7 Y shuo]
7131 Eopol| A QIAREA2 & =GR ol
E A SR ARE HECR 8
Y et HHor gol o]§=ar Stk
(Hopke et al., 1976: Roscoe et al., 1982; Braga
et al., 2005). i AtollAl= AR oA &
SEe 4w EY sER2E A R Y
S Zelstr| sl A== 15 SPSS(version
12,005 ol-&sto] aliAs s3stdia, 1 A
67119 =8 FFANAE F2EH U $5 = 1
I3 (eigenvalue)7t 1= @& AWS FE5191L
F29 A FAA Fo4dS Kaiser—Meyer—
Olkin test, Bartlett's test, anti—image
correlation matrixg &9l RAKsto] F-2Jgk Q1A}
et ez sfAlskeinh RHEA At 2w
Z(varimax rotation)¥ IAHFsFFS & 29 2
1, 329 670 A= F E4Hexplained
variance)?| 80.6%% AWT 4= qUSlch A WA
QA= EF Al A} A7) o2 BRrn 2zt
TS dEshes YAEMg, Sc, K, Ti, Fe, Th,
ADE FAEO] 200 soil dust®] AH[AHWatson
and Chow, 2001)°] 2Jsf| TYH Ao & F Ak
21%= A7), & WA A= Sb, Zn, In 50l
=2 AARSHES EYE=d, Chueinta et al.
(2000)2 Sh, 7Zn, AsE, Huang et al.(1994)2 Ag
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Table 2. Result of factor analysis after varimax rotation

F1 7 F3 F4 F5 F6
Mg | 081
Sc 0.76 0.54
K 0.74 0.35
Ti 0.71
Fe 0.65 0.54
Th 0.65 0.69
Al 0.61 0.65
A% 0.60 0.70
Cr 050 | 054
Ce 0.43 0.80
As 0.79
Ba 0.71
Br 0.46 0.80
Cl 0.60 0.43 0.59
Co 0.58 0.63
Cs 0.87
1 0.41
In 0.62
Mn 0.44 0.55 0.43
Na 0.64
Sb 0.69 0.53
Se 050 | 034 0.46
Zn 0.66 | 053 | 030 | 031
Variance() | 21 15 16 12 85 8.0
Soil  |Incinerator | Road | Industrial | Fossil fuel | Vehicle
Source )
dust dust process | combustion| - exhaust

osff x4 9 B|x2H Z2ofA AH|AHE= road
dust(Cs, Ba, Th, Al, Zn, Se)¢ldl, o]7& o5
Y| vj7|7}2, Erojo] 9l Hgo]=L gho]y o] mp
W, 718 295 59 HiEEo] mrof JAE] 9
9 soil duste} Agsto] AjuibE]= 712ko = WAy
HrhKim and Henry, 2000). Ba2 t]ax}eo] uf
AdgAt #2572 H7FH4LE Monaci et
al.(1987)2} Ondov et al.(1982)= W7] & Ba2] of
Fto] bl oA WA E L Jleo FHEA S
™ Zne A 3% Elo]o] 9] wikLof] ofsf Ay
), w2bA, road dustE Ba, Zn, Sb & A 7|
A Y28t Al Cs, Th 5 AZ7199) daEE 14
okl WA Ak S WollA 9] AARSA(Ce,

ol

AR o
SE R B4 Yo BRd 4 gl SHAg
AW} Ik 25 SaAE, o] AR 5 B ]

A EAEA e Faghe] £4o] o]Roly

o Jet 0 @] el 4 918 Ale, AL
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A QA= Aee] A4 (As, Se)df o] o
2V, Se, Zn)®] tEPLR ofn| M TE
AREE]0] 2 As, V, Se, Zn2] SIAMELE1EF0] =7 1}
El; e ef 1 FAR oM AREE= 34
79| ¢laof ofsf W E Ao s TeEtHHopke,
1985; Juichang et al., 1995; Galbreath et al.,
2000; 3HA4 5, 2004; Vallius et al, 2005).
ASPIFE ARERol wk Phef o] AFsAk7t
ofd &7tz 59| thE oA WAskaL glof
(Pirrone and Keeler, 1996; Huang et al., 1994,
Eisenreich et al., 1986) Pb AFs2} 2 A¥<] of
FHRZA ARGl oA, webs, =&
markerol] thgt A7} go] o] FoF=H Br, Sb,
REEs7} 252} 877k 2] marker2 4] Q1211
Ath(Huang et al.,, 1994). Sb< AgAt vi7| 7k
O] Y22 marker2H FAEI Q= HARE He
H vk} o] refuse incineratoro A= @o| 2y
%)7])% 3t} Huang et al (1994)= Sb7} AFs}9
w717kAE S8 tED 5 Stk S Y553
i, E2rofAf o] 7] mhE Sb s HAaE 2
Z2let Dietl(1997)9] A5+ A¥h= SbE marker
X o]gstet] tiFt 183 AEE Foh 1e
& Br, Sb, Cl, Mn°] &2 $IARSHES Hol= o
A HA A= olF LEY F A w77kt
A3 oflolzE0 FHj= EASte AR AlrET
(Cohen et al., 2004; Polissar et al., 2001;
Chueinta et al., 2000).
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HaEES 2ol= In(0.1 ng/md)F} Hsrs 2

ol Al(1,527 ng/m?3) 7tell= 10% o] s A
ol& ulFFUAEe] we W FEHAE B
259 A od H=E 2AKH7| S8l =243t
HEASEAL Cr, In, Zn, As, Cl, Br, I, Se, Sb
oF -8 94Eo] o 30~4,600 HES] E& S
Hoi o] 2]oo] 4Hdegof ofal] sl L A= o] 9l
5S Hof FItk 183 QIRHEALS o] Koe)

2 2FYSZ soil dust, incinerator, road dust,

industrial process, fossil fuel combustion,
vehicle exhaust®] 67] L @HS FE5FU=T, ©f
= % EXHexplained variance)®| 80.6%% A
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717N,
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