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Source Identification of Ambient Size-by-Size Particulate
Using the Positive Matrix Factorization Model
on the Border of Yongin and Suwon

*

=]

| 4.0l ef &-HE =

5
ggsteha ol 2Tl o

2
%] g
(2008'd 114 109 % 4, 2009 39 129 =)

78] o o

r-‘ﬂ
r-‘ﬂ

73 A TAE
)

K

Mi-Seok Oh, Tae-Jung Lee and Dong-Sool Kim*
College of Environment & Applied Chemistry and Center for Environmental Studies,
Kyung Hee University-Global Campus

(Received 10 November 2008, accepted 12 March 2009)

Abstract

The suspended particulate matters have been collected on membrane filters and glass fiber filters by an 8-stage
cascade impactor for 2 years(Sep. 2005~ Sep. 2007) in Kyung Hee University-Global Campus located on the bor-
der of Yongin and Suwon. The 20 chemical species(Al, Mn, Si, Fe, Cu, Pb, Cr, Ni, V, Cd, Ba, Na*, NH,*, K+, Mg?*,
Ca?*, ClI7, NO;~, and SO,2") were analyzed by an ICP-AES and an | C after performing proper pre-treatments of each
sample filter. Based on these chemical information, the PMF receptor model was applied to identify the source of
ambient size-by-size particulate matters. The receptor modeling is the one of the statistical methods to achieve res-
onable air pollution management strategies. A total of 10 sources was identified in 9 size-ranges such as long-range
transport, secondary aerosol, NH,NO; related source, coal combustion, sea-salt, soil, oil combustion, auto emission,
incineration, and biomass burning. Especially, the secondary aerosol source assorted in fine and coarse modes was

intensively studied.
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2] low volume air samplerg] 8-stage cascade impactor
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2] WS ARkt AFE Alas AT =
A ste] PFA linerel] ¥ 3 61% AAF 7mL 2} 35%
Ak 3mLE 7FgE & power 49} 3elA| 77 584
Pheste] #7180 A4

e
ol Ee EE 2itel BAA
e

o i

T oL v

HAg 7} Tt A8 ICP-AES ¥4 (DRE ICP,
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Table 1. Analytical uncertainty of ICP-AES and IC.

ICP-AES IC

Species RE(%) CV (%) Species RE(%) CV (%)
Ba 2.25 126 Na* -1.69 1.07
Fe 0.30 112 NH,* 955 0.23
Al ~1.00 213 K% 1.20 1.98
S 1763  11.08  Mg* 2.42 0.89
Mn  —043 106 cat 3.29 272
Ni 0.43 309 CI —4.99 257
Cu —2.00 307 NO;  -169 1254
cd 1.25 190 SO  —446 5.48
v 1.00 0.75
Pb 050 6.15
cr 2.25 1.26
Zn 1.50 1.23
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1 EXle] A Y sEAs SERE
AFA| ol 200541 9YHE] 2007 9Y7}HA|
< A oA F 719l 8] cascade
impactor2. ZA3 2319 F A& /e 32seto]
o 4 A BE o3 A eFEHE FEE A
BE 7] Slsted oF 1447 A% A3 A
717t F 2 3EEEe] AE TEREE & 29
R SIEE 771948 A9 A YA H eI Fed
His=rt 660ngmie s 7hA B BAEon,
Al 388.1 ng/m®, Si 364.4 ng/m°, Zn 127.9 ng/m?, Ni
107.0 ng/m®, Pb 106.8 ng/m*=. 2= ¢jc}. ubd Ba
38.4 ng/m®, Mn 31.8 ng/m°, Cu 72.7 ng/m°, Cd 12.8
ng/m®, V 54.8 ng/m®, Cr 54.8 ng/m® 2] YAE-2 n
Foz EAT FIHNAES] 94 sERES
B3l 7 wEFEe] Sl Sl Y] Feaxwrnt
ofug} 7} 2ol ot 77} J3A Hrrt 7
5a=g

Ba, Fe Al, Si, Mn 5-9] 914 F=x Adat 4
o (coarse mode)eil A, Ni, Cu, Cd, V, Pb, Cr, Zn 5-2]
A% Fxe wAIYA 39 (fine mode)ell A 2ot =
A Z2AHE A AR A F2 2 5o AdH
Ql oo RE] oS Wigton Fxio] A9
Q1914 <l 2 or Ry F2 HYHNSS A2
4 Qlh o] A He) HF pEE SO, 9,242.9ng/m?,
NO, 7,345.9ng/m®, NH,* 2,807.8 ng/m?®, Ca* 2,111.8
ng/m3, Na+ 1,874.8 ng/m®, Cl- 1,653.4 ng/m®, Mg**
799.2 ng/m®, K* 544.1 ng/m® 4=¢]¢}c}. SO2°, NOy,
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Table 2. Average component concentration (ng/m?) for each size range.

Stage/Size range
(ﬁﬁg 0 1 2 3 4 5 6 7 Back E';‘el C;’Zr % Toa
>90 58~90 47~58 33~47 21~33 11~21 07~11 04~07 <04
Ba 53 49 31 54 5.4 53 2.8 2.2 6.3 16.6 21.7 384
Fe 181.8 1318 62.1 111.4 118.3 811 45.8 73.7 42.6 243.2 422.8 666.0
Al 104.7 85.0 52.5 62.4 60.4 54.3 43.6 46.4 34.2 178.5 209.6 388.1
Si 79.9 711 427 67.7 46.2 431 29.2 20.8 23.6 116.7 2471.7 364.4
Mn 5.8 4.5 34 4.8 3.1 4.0 4.2 35 2.1 13.8 18.0 318
Ni 14.9 15.5 14.0 12.0 14.3 13.8 12.7 16.8 10.6 54.0 53.1 107.0
Cu 10.0 11.3 11.6 8.7 10.4 12.0 9.3 9.0 10.6 41.0 318 727
Cd 15 1.4 15 1.7 1.6 18 18 1.7 15 6.9 5.9 12.8
\Y 1.8 2.2 1.9 2.8 2.2 2.6 15 2.3 2.8 9.2 7.0 16.2
Pb 12.5 12.5 19.0 20.7 15.6 19.1 20.9 16.2 19.2 755 312 106.8
Cr 9.0 53 5.0 7.2 13.6 6.6 5.8 53 13.2 309 24.0 54.8
Zn 83 52 34 5.6 83 18.5 18.9 13.8 56.1 107.3 20.6 127.9
Na* 1869 158.8 124.8 153.1 168.0 154.6 154.3 132.2 6415 1,082.6 791.7 1,874.8
NH,* 1086 84.0 711 74.6 113.6 374.6 877.6 888.5 2154 2,356.0 451.8 2,807.8
K* 35.6 375 27.8 23.6 29.8 51.1 144.7 112.1 82.0 389.9 154.3 544.1
M g2+ 94.1 779 70.5 80.6 82.8 86.3 106.5 87.1 1134 393.3 405.9 799.2
cat 3472 246.8 185.8 201.5 222.2 217.0 244.0 217.3 229.8 908.3 1,2035 21118
Cl~ 1781 1284 69.4 99.9 135.7 161.2 236.7 279.9 364.1 1,041.9 6115 1,653.4
NO;~ 6081 430.2 295.9 516.9 549.2 939.6 1,466.3 1,441.2 1,0984 49455 24004 7,345.9
SO, 288.0 2106 95.3 178.0 3235 977.4 2,166.1 2,120.1 2,884.0 8,147.6 1,095.3 9,2429
PM2 114 6.2 3.2 5.9 53 6.4 8.4 9.3 7.7 31.8 320 63.8
aUnit: pg/m®
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Fig. 1. Variation of PM-9.0 and PM-2.1 concentration for 2 years.
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3.2 PMF 2dla =7

PMF2 o]43le] 999e AAMA o=z 3oz}
AsiM= UAE (raw data) & A A3 sked oF g &
A Fo| A= cascade impactorE E3l &A= 2219
AWz BAMY 2r|94 12%(Ba Al, S, Fe, Mn,
Cu, Pb, Cd, V, Ni, Zn, Cr)=} o] &A1& 8% (Cl-, NO;,
SO,.2, Nat, NH,*, K+, C&8*, Mg o2 745 32x
203 dHolElE 7 o (97 HeH)= Fviskd
o 2k FAL 7 3 (row)ell AlzEe] A5,
o (column)el] 3}eHEAFEL] Fxghe] HABl=S
A sh= Q-mode W& A}J%P&’iﬂ}

FAE FEkE Fole A3xise HES
o] A=rt EAg. °1EM 287t SE S
E‘*’%MW A L3 o] 71 ni=] gt Hc}‘a'j o]
AR7L 235 A9 A s o83
A5 FATE 4 gioh & AolMe HEIA o
2] Zholl Al AESHA e V2= HF s,
EAel M= sl eEe] JEEdeR o
%}l—— w1 (Lee et al., 2002; Polissar et al., 1998)&

43l ek PMF 2238 s d 3le] 2717

YHARE Hee I 3 e 4 EAHR
olat, v}& 38t 7HA: o]E Al W3 BFg=
o]t} o]i= PMF m®l3) AsA] 7+ zfgo) 715
%lg Foislzd], A& miuke] Alsv AEAsE

o

% T
2

]_

_le_ﬁﬁ’mi

= o
R=N
=2 0

=

rlr VI

of deiie wses 2 oz, oF A=l
HEAE AaAa mdAse YRS el
% 9let.

S xFA AAdAM BE=E S (error)E= A (4 72
o] AAk 4= Slvt(Polissar et al., 1998). & =E 4
Abel7) YA 2x}2-g- (fractional error)e AFE-3l=
dl, o= 2} (4)2] kel a3t} ol A (4)o4 MDL
74%17413 2ujsh, = WA Ao jHA 3
T2 F=E ou|dt duez EAwxrt F
7}1‘,7.}01] g} B4 B3 % (analytical uncertainty)x=
vl ste] F718l7] wj Eell, o] EAlolo] My AAE
53 ks FA4 4 sl (Kimet al., 2005).

rlo

401‘

41

S;=[MDL]/3+k x X; ()

2 A7 E A @DE ol8ste E=E Ante}

dor, &3 vke] Atmst AZA] A

FLAAA ol M ] BfEAe] 277 o9 Fel 113

& ke 2AEES ekt

299s Felsta Hrlehe | T S
Hallof & Abak2 2919 Mg, F AAeE Z2A
she Alolch PMFe] malzoly AAE <lagol
we} Ao Fepd 4 lvlel, AR
7hAA wbE-A el 2] (trid and error)S 48]33
2edoz ov] 9 HH s AR ok
o} (Song et al., 2001). PMF 2dlo]lA] 212 =
AT o) 7P REH oz ALl uloz s
scaled ZHxkelE RE o] &3t 2919 45 ZAF
= S QuE o83 W, Rotmat ) (3]
) rotation matrix) 52 o] L3}
RS W] vk Qb AsdH e Az (m
xmel| Al Azt ™ (mx p)e] =& Aes W gkt
Zrole}s} (Polissar et al., 2001; Hopke, 2000; Rama-
dan et al., 2000), Zkxpsi Aol A o] mEs}t A
2} gke]l —2.0el4] +2.08] F-71o| £ E &Eo] 80
% o] olofof gt gl B R HE] 4] (5)2} 2 (6)
2] IM (maximum individual column mean)=} 1S (maxi-
mum individual column standard deviation)S- AF&3)
d g it AR 7t ARz U b M
k1S3 AAF Fadhe 5L delit =3
Q#t= AR Fradte 5AS By Bl
v} ¢lt}(Leeet al., 1999).
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U

oo:} 0_] o] E

IM= Max< zr,,> ®

j=1..m

ISzl}i?i(m(w/%Z(r,, ) > (6)

22} 7+o] cascade impactor?] 7} bz ww
t2 QlA4=2] W3le] wh IM3} I1Sgke)
HE A7, A2 4~6709 AR} 74
A5z A=k 03t 1k A= 47
AR e 3, 3stell A 5xirkR| = 5709 <l
A2 AR 18] 3 65kl A= 67, backup Tl
M e AAE AA sk

QA2 AAT)E 5] 7 ola}grol| A Fpeak°] e

—1.0o|A] 10744 0.1 DAY W3l Fo] mdze
Arstlom, Qzkel A FAI=EE M del
A #HA 9 A AF=E AAst e (Han et al., 2006;
Kim et al., 2003; Song et al., 2001). PMF x= o] A
Rotmat 3§= 4] <lz}3]de] Be=g w3, <l

lo 2 B o
o Bk b
S A
L A
ﬁl

i
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Fig. 2. Determination of the number of factors according to maximum individual column mean (IM), and standard devi-
ation (IS) of standardized residuals.

A5 A0 AfEE AR AR o]4E 4 vk
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Fig. 3. Determination of the rotational freedom in each size range by the Q value and the largest element in the
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Table 3. Modeling conditions at each stage.

Stage STO ST1 ST2 ST3 ST4 ST5 ST6 ST7 Back
Number of factors 4 4 5 5 5 5 6 5 4
Robust mode (a) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Fpeak -04 -10 -0.1 -0.5 -0.2 -0.2 0.0 -0.9 -0.9
Qvadue 380.2 370.9 241.7 316.0 328.2 376.2 280.9 334.0 293.8
Scales residual (%) 97.5 97.8 98.7 96.7 98.3 97.7 97.7 975 975
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Table 4. Sources identified in each size range.

Stages
Source Marker elements

1 2 3 4 5 6 7 Back
Seasalt Nat, Cl~, Mg?*,Ca?*,S0,2 + +
Long range transport Si, Al, Fe, Ba, Mn + + + + +
Soail Si, Al, Fe, Na* + + + +
NH,NO, related NO,", NH,*, SO,2, Si, Fe + + +
Oil combustion S0,%,NO;, V, Ni, Cd + + + + + + + + +
Auto S0,2°,NO,~, Cl7, Ca, Cr + + + + +
Coal combustion Fe, Si, NO;, Ba, Ca, SO,27, NH,*, Cl + + + + +
Secondary aerosol S0O,%, NO;, NH,* + + + +
Incineration Cl~, Zn,NO;™, SO,27, NH,* + + +
Biomass burning K*, SO,2", NO;", NH, ", Na* + + +
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