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Abstract

In this study, 1-hour integrated PM, s mass and chemical composition concentrations were monitored at the St.
Louis-Midwest Supersitein Illinois. Time-resolved samples were collected one week in each of June 2001 (22 June
to 28 June), November 2001 (7 November to 13 November), and March 2002 (19 March to 25 March). A total of 427
samples were collected by CAMM (continuous ambient mass monitor) and 15 compounds were analyzed by AAS,
PILS (particle-into-liquid sampler), and TOT (thermal optical transmittance) method. PMF was applied to identify
the sources and apportion the PM, 5 mass to each source for highly time resolved data. In addition, the nonparametric
regression (NPR) was applied to identify the predominant directions of local sources relative to wind direction. Also,
this study performed compare the NPR analysis and location of actual local point sources at the St. Louis area. The
PMF modeling identified nine sources and the average mass was apportioned to gasoline vehicle, road dust, zinc
smelter, copper production, secondary sulfate, diesel emission, secondary nitrate, iron+steel, and lead smelter, res-
pectively. These results suggested that this study results will be help for PM,, 5 source apportionment studies at similar
metropolitan area, establish PM,, 5 standard, and establish effective emissions reduction strategies in Korea.
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Fig. 1. Location of the St. Louis-Midwest Supersite in East
St. Louis (lllinois) including St. Louis metropolitan
area.

Ql mFe Fo) AQlE Fo|A($]%: 386122 Aw:
~90.1603)s1 4 A sHATH(H 1). o] Hax A
M 276 o3 thpe] 14 w2 S v wEYo|
2 arsle] 93, 9% o2: v]AA|Fde] sET
glom AQlE Folx Al o] 143 ik A2
717k 20014 64 (6 224 ~64 284),2001d 11
9 (11 79~1149 13Y), 18] 2002¢ 3¥(3Y
199~ 39 25%)0], 179 7HAo= 33 A3 sA
o Alg AFH 7T FE AR Aoz F 50471 2]
A&7t AFH A PMys Al22] A5 == CAMM
(continuous ambient mass monitor)E o] g3l I
0.3L/ming] foz 1A7F 7140z 2435}
o] A2 7ol PMysimpactor7p AX= e} $lx
o] & BT PMys A8 oA HlolZ ¥4 Al
el (filter-tape transportation system)2] o] €]o]sz
(PTFE teflon membrane filter, 3pum pore size, Millipore
Co) flell AFFH ] Al =g ZA "ot o] A

FAlel A3t AA gk g2 oo Eis Fud
4= 9)v}(Babich et al., 2000). 77] Q94 FA1L )5}

SEAS (Semi-continuous Elements in Aerosol System)
g olgslel Az AFstglon, AW Nz
AASZ o]g3le] F Alxzke =z Al, As, Cd, Cr, Cu,

ko)) 7] 373 813 R] A 25U A 2 &

Fe, Mn, Ni, Pb, Se, Zn 53} 72 = 11719 +71¥
2 2A3ch Yaskze §7]8ka (EC/OC)]
A ACE-ASIA 2419 (NIOSH/TOT 241 H)< o]
g-5lo] Sunsetrle] #A4 EC/OC BAAA = 34
3tgitt. w3E o] 2Al B2 A$ = PILS (particle-into-
liquid sampler)2 o] g-3te] & A7k SO, NO;
FEg FASGITh A a3t A g Akl
o] B3 Fud 4 SIoh(USEPA, 2007).

ATFA Gl M 12 Hh ez HFHF F 5047 <)
NE F F 427 ANz JAE(F 15 35S
gHAE 2 Fgsle] PMF 23S $35gich =
92 53] A] FPEAK<} FKEYZ o] 43} (Hwang
and Hopke, 2007) 2+ 2.94& shelslx 72 23419
A 7 =g FA sl

b b

2.2 PMF 2dzl

© JdE 5% (source profile)2] 2a) A], 7+ 234
o] A Jle=E & 4 9l PMF(positive
matrix factorization) =2 o] Paatero (1997)1 <]s) 7l
WE ek PMF 2l o fJdRfeel 7odxe] 7t
Eo] s} oko oz AAEH, N Atme] FHA
Azko]l HAart HA 3k=(least-squares minimiza-
tion) Y EE vfeto = ka1 glo] oJefe] HE 4
4xdlof| vlwaled 73t 75 7HA 3 o PMF
2do A4 ANHe EFAAES Hsk exFA
(error estimate)ol] °]&3lch. PMF ndlo] A8 wE
22k A FE 3 33 P2 shsEt olg B 23
9 PMF 2elA2 A ()3} zFe] vpepd 4 glow
o] 5 A (2} o] 7whs] viehd 4 oluh(3elx
= 2008).

P
xij:kglgikfkj"‘ej )
i=]_,..., n; j=1,...’ m; k:j_,...’ p
X=GF+E @

3714 = X& 2kde] nxmel Az PH=2A n
 ARe] B me B e vehish 5 X 4
o) & (row) & shtel M=ol W eEEe) F=
= 745" 9 (column)e 2 A ArE= FHH
. GHS nxp Y, FPPL pxmzapYdoe=w =%

A 714 pe 22E A9 S (e 5)



u]=- St Louis Supersites]| A1 9] & A1 A7}

JeRAch FalEe] 3 (row)e =34 234 o
939572 (source profile) 2 Uehi] oo o
5H= G 3ol o (column)S =3 2 d9de] djsk
Z, 7+ 24717kl U3t 2 99e] 7= (streng-

Z oo o
}-o

e
o

thy2 oJnjgic}. Yubd oz GaHLe 294 7=
2 Yu)sle, G FHe] 5L Qlx} A<= (factor score)

2} g

PMF mdlg)e] A4 F shie AETA el
AAw = A (missing data) ¢} 72> #H3-2] (noisy
data) g =& oz QA 5 slde Aeold (Polis-
s et al., 1998). &, 24 F=glo] HE3A o]}
Zkel2bH MDL (method detection limit)/2 ko=, 1
23 Tof B-g3hs oA E e 32> (5xMDL)/6 7}
o2 WA 4 ok =3 A F=ghe] AEAY
735, 78R, aela o g3k exeE
o] ke 71ag el Aol et Foz AT
4~ 2l (Hwang and Hopke, 2006).

A2 3HE $37] $15te] FPEAK W&
AHg-3t. &, FPEAK W45 o] 43 Ate] 342
HEA Q] QIAHEA (factor analysis)el| 4] 2] varimax 3]
A3 $A1 715 S S @) Ao FPEAKRE
o] ¢k W EEjHoz F o Ml md¥ A
5 94€ 5 AT £5Y dE 2 “‘*"’3‘ A%
A ZA$7F vk #A ] FPEAKZL AlE>
lo] EAIsH= 7] ezt ARl A3

A Aol 3, A e 9dEF
MF 2 dlof ]3] AAtEl Q7=
A ﬂi"] AlA] e ddEFel

< ElE SPUEFE

s}oq FKEYE Ag-3ho} FKEY &2
22 A (pxm)ozr 54 2gle
88 2o17) (pulldown) 315 135 9
23t} (Hwang and Hopke, 2007).

X
n [
B D Jlm

o
£ fo i

(

.Umﬁ

A

o, T
to

a2
d:_)l

lo
Jlm

r

2
r

Kl
ok
&

>~
ot
(
-
B
0
1..

dmoefo o o T 2 opoh gy
R
[o2

2.3 H|2F 5| =2
(NPR: Nonparametric regression)

v Eg 37 mEld p8RuEE] FooA Henry
et al. (2002)¢] 2]8] m|= Texas F Houstone] + =
A Azel| X EF33} cyclohexane F=919] #AA S 3
7}sted cyclohexane2] 23 X getdt o
AHEE vt glom, 11 ge = o] AFA}e] o3 n
24 39 Rl o] 43 299 $AITet A3t

—_ =

PMosol A%t 71ei 34 3 A 2 94

) 917 set 157

r_-\\g

4315 v} o (3elx %, 2008; Kim and Hopke,
2004; Zhou et al., 2004). ] &4 3|7 wEle Faf =
%9 A B4 29EAY TR oS8l &
L] SAE AT & glen, =3 FAMe= A
)77} (confidence intervals) & AlAFE 4 9o} 4] (3)

o SI3) 0Nl el Z5mgk CF T8 4 3leh

ZK((G W)/AB)C,
C(8, A0)="", (3
;K((e—wi)me)

K(x)=(2r) Y2exp(—0.5x?) 4

A7|1A, N F Alme] 45 dehlin, Wigk G i
A Agel T 54 =i v =3 A6
= 3% w4 (smoothing parameter) & o)n)&l=1|,
o] grol U A& A% elul7k gl A 3121 (peck)
wsel wol WA Uk 54 wxgel B2 7
FAE 7] $13 AH8-3ke Gaussian kernel 4= (K)
£ A@ 2] Yehd 4 glek A3 mghe] A
A o 95% 212 F3tel| w7k Ew Al AAk
o] ¥t} 18]3 CPF(conditional probability function)
el AAbst A = F4re] Lmisec o] 5l A5
A4 Al A 85},

3. Znt 9l nE
3.1 ez AXIZ

PMF mel oA 71 A Ha DAl
3k screening 248 B8te] =l l 4 "’3@ f‘]
s FEES APshe Hold 2 o
504709 A8 F AT Est BE f‘i;hﬂl T=7t 75
Al 6970 At=E A|esla FHFA o 4277
o Axtze ARk F dA DAL PMF
=9el] QAT G5 AYs] g5k 4 2
o] djgt signal-to-noise (S/N ratio) ¥4 (Paatero and
Hopke, 2003)2 4=3)3lsict. &4 3F=°] SN ratio
Zkol 0.2 o8t 79, 1 352 PMF 2Hl5] A] A
9)sle] o, 0.2< SN ratio< 2 (weak )Y 790
£ PMF 25X T g5 £0)7] ¢l3te] down-
weightingS 4383t} 2 T A= Al, As, Cd, Cr,
Cu, Fe, Mn, Ni, Pb, Se, Zn, SO,2", NO;, OC, 18|11
EC 53 22 157 5% d=xzz Adsige

nl
o:

_E

J. KOSAE Vol. 25, No. 2(2009)



158

[
-

Table 1. Summary statistics for the PM, 5 (ug/m®) and chemical species concentrations (ng/m®) in the St. Louis Super-

site.
A.M? SDP G.M¢ Min. Max. No. of BDL (%) S/N Ratio

PM; 5 28.72 17.41 24.92 10.21 107.21

Al 24.40 37.93 14.47 1.90 547.21 31(7.1) 87.3
As 4.35 14.43 1.44 0.02 172.67 33(7.6) 1869.8
Cd 1.36 341 0.53 0.02 34.74 17(3.9) 859.9
Cr 0.24 0.26 0.18 0.03 2.84 68(15.6) 29.2
Cu 26.33 127.59 4.69 0.54 1653.87 39(9.0) 270.5
Fe 32.15 36.86 22.92 171 452.59 0(0.0) -
Mn 4.22 10.31 2.51 0.17 165.61 0(0.0) -
Ni 1.00 4.69 0.51 0.09 93.96 68 (15.6) 34.1
Pb 13.94 25.10 7.10 0.58 236.08 3(0.7) 6377.6
Se 0.87 0.64 0.68 0.01 4.02 26(6.0) 705.9
Zn 40.08 70.76 21.89 3.58 1072.90 47(10.8) 50.6
Seoka 4175.85 3709.08 2875.56 319.95 16943.44 118(27.1) 5454.4
NO;~ 2181.26 1974.31 1328.01 21.55 10261.45 183(42.1) 737.1
oC 5028.27 6208.64 3260.12 250.00 71230.00 85(19.5) 42.9
EC 805.96 742.58 540.64 250.00 6380.00 207 (47.6) 25

a Arithmetic mean, b: Standard deviation, c: Geometric mean

AN B, AE3HA vgre] Al 4, SN
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= 7AA I e94sle] iR RS} AE8AF7IZE
el A 29919 V=g a9 29 I 3o
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717k FFe) 4 B 728 deMidde 82
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T (local scale)®] 2391 $138 sjetslr] 98N
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Table 2. Average monthly source contributions for the St.
Louis Supersite.

Source apportionment (ug/m®)

June Nov. Mar. AVG.
Gasoline vehicle 0.11 0.50 0.61 041
Road dust 0.46 0.07 0.24 0.25
Zinc smelter 0.52 1.28 0.84 0.88
Copper production 0.02 0.18 0.36 0.19
Secondary sulfate 16.74 5.49 5.06 8.98
Diesel emission 0.14 0.42 0.13 0.23
Secondary nitrate 6.58 6.85 9.64 7.74
Iron+steel 297 4.66 129 2.93
Lead smelter 0.20 0.67 0.40 0.42
PM mass 2743 2011 1857 21.92
4~ 3]9] (nonparametric regression) 292 F2 AL
s, vheksh Fakel whE At 9499 %S
steslr] glske] PMFel ejs) Alabel 7+ osile]

<
Zldxel pgAldA EAE FAaE Aty
CPFZ: % NPRZLE AALE & Sl o] 9} -2 34
S Bl 13 4o 7+ $.d<el| & W =S 37

2 Aae =Aste] Yepigieh =3 A7 el E
Aot Fo AGFre AA 239 99} vjms
317 =9 ZA3g wlwste] 19 5ol vepfigieh 1
6ol 4 2o HH 7] =E eItk
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Fig. 2. Source profiles (prediction* standard deviation) of the resolved sources measured at the St. Louis-Midwest
Supersite.
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Fig. 4. Nonparametric regression (NPR) results based on source contributions obtained by the PMF analysis of the

data from the St. Louis-Midwest Supersite.
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Fig. 6. Average source contributions of the identified
sources to PM, 5 at the St. Louis Supersite.
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