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Abstract

The purpose of this study was to develop the PM, 5 source profiles, which are mass abundances (fraction of total
mass) of a chemical species in PM, 5 source emissions. The source categories studied were soil, road dust, gasoline
and diesel vehicles, industrial source, municipal incinerator, coal-fired power plant, biomass burning, and marine.
The chemicals analyzed were ions, elements, and carbons.

From this study, soil source had the crustal components such as Si, Al, and Fe. [n the case of road dust, Si, OC,
Ca, Fe had large abundances. The abundant species were SO,>~, ClI", NH, ", and EC in the gasoline vehicle and
EC, OC, CI", and SO, in the diesel vehicle. The main components were SO,2”, S, NH, ", and EC in the industrial
source using bunker C oil as fuel, CI", NH, ¥, Fe, and OC in the municipal incinerator source, and Si, Al, SO,>",
and OC in the coal-fired power plant source. In the case of biomass burning, OC, EC, and CI” were mainly
emitted. The main components in marine were C1”, Na*, and SO,>".

Kéy words : Source profiles, PM, 5, Dilution chamber, Receptor model
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Fig. 1. Sampling sites of soil and road dust samples.
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Fig. 3. Pre-treatment of soil and road dust samples.
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Fig. 4. Chassis dynamometer for motor vehicle exhausts.
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Fig. 5. Schematic diagram of the dilution source chamber.

Table 1. Descriptions of source profiles applied in this study.

Source type Size fraction

Samples

Soil PM, 5

Road dust PM, 5

Gasoline vehicle PM, 5 dynamometer
Diesel vehicle PM;5 dynamometer
Industrial source PM, 5 source chamber
Municipal incinerator PM, 5

Coal -fired power plant PM, 5

Biomass burning PM, 5

Marine Aerosol

7 soil samples collected from seven areas
5 samples of paved road dust collected from five areas

7 samples of gasoline—powered vehicle exhaust collected using a chassis
9 samples of diesel-powered vehicle exhaust collected using a chassis
3 samples of a factory using B—C oil containing 1.0% sulfur as fuel by a dilution

| samples of a municipal incinerator collected using a dilution source chamber
2 samples of a coal-fired power plant collected using a dilution source chamber
10 samples of agricultural burning of rice straw and weeds

2 samples of pure marine aerosol
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Table 2. Soil and road dust profiles (weight percent of mass).
This study U.S. EPA (1992)
Species . | .
Soil Road dust (proﬁlgc;#lélll.?SO) (pr(l}f?lzd#il;sll30)

Na* 0.170+£0.017" 0.151+0.015 NAZ NA
Mg2+ 0.060+0.006 0.156+0.016 NA NA

Al 11.09£0.069 6.444+0.053 6.289+0.898 7.9244+1.447
Si 17.14£0.079 15.41 £0.070 17.01 £2.261 21.48%+2.778
S 0.021+0.004 1.131£0.030 0.525+0.494 0.565+0.165
Cl” 0.647+£0.065 0.790+0.079 NA NA

K 2.566+0.057 2.992+0.055 0.728+£1.083 1.140+0.199
Ca 0.337+0.036 9.774+0.103 0.843+£0.201 2.2784+0.555
Ti 0.663+£0.022 0.571+£0.023 0.335+0.075 0.375+£0.074
v 0.000£0.000 0.000+£0.000 0.014+0.007 0.017+0.008
Cr 0.004 £0.000 0.006+0.001 0.011+0.016 0.040+0.010
Mn 0.1610.006 0.156+0.007 0.096+0.037 0.097+0.016
Fe 8.444 +0.031 7.841+0.033 3.010£0.657 3.646+0.476
Ni 0.000+0.000 0.000+0.000 0.004+£0.012 0.008 +0.007
Cu 0.028 +0.002 0.121+£0.006 0.035+0.015 0.095+0.024
Zn 0.037+0.004 0.401 +0.009 0.039+0.025 0.20240.045
Pb 0.007£0.002 0.0821+0.006 0.053%+0.103 0.39140.100
oC 4.339+£0.178 13.57+0.750 0.691+0.676 3.180+1.500
EC 0.000£0.000 1.676 £0.119 0.094+0.156 0.4651+0.328
NO;~ 0.232+0.023 0.000+0.000 0.0114+0.230 0.0104+0.009
S0, 0.191£0.019 1.254+0.125 0.01140.017 0.06610.112
NH,*® 0.147£0.015 0.145+0.015 NA NA

K' 0.300+£0.030 0.547+0.055 NA NA
Sum 46.58 63.22 29.80 41.98

hStandard error
2Not available
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Table 3. Gasoline vehicle source profiles (weight percent

of mass).

Species This study [(profgepgjg(? 19 g)) Wat(slogngit) al.
Na* 1.889+0.189" NA? 0.000+0.000
Mg>™  0.713+0.071 NA NA
Al 0.00040.000 0.046£0.005  0.412+0.205
Si 1.84740.046 0.092+0.009  1.640+0.880
S 4.884+0.522 0.092+£0.009  1.010+0.480
cr 15.30£1.530 NA 0.640+0.655
K 1.143+0.114 0.320+0.032  0.249+0.141
Ca 1.82540.183 NA 0.707 £0.407
Ti 0.0000.000 NA 0.065+0.126
\Y 0.00040.000 NA 0.005 +0.054
Cr 0.000+0.000 NA 0.015+0.010
Mn 0.000+0.000 NA 0.105+0.036
Fe 0.3964+0.058 NA 0.68540.423
Ni 0.000+0.000 NA 0.00940.009
Cu 0.07040.002 NA 0.074+0.064
Zn 0.19240.018 NA 0.273+0.225
Pb 0.000+0.000 2.500+£0.250  0.155+0.072
oC 10.97+1.071 NA 30.10+12.30
EC 5.802+0.466 NA 13.50%8.020
NO;~  2.06140.206 NA 3.890+2.870
SO 204742047 NA 2.290+1.320
NH,* 7.373+0.737 NA 1.670+1.020
K* 1.143%£0.114 NA NA
Sum 76.08 3.05 57.49

YStandard error
2Not available

AHHIL OC, Ca, Fer ¥4 F7HEAA =38, =2
2z 28] Pb, OC, EC] ofe] EFRE} o} 7|
vepdEd, ol 2R 2pFAF(Ele]e] mixm,
BYelz 2N wWiEd AESel P WE
o= AZET) US. EPA (1992)¢] =2} (X 2)o]
A OC$} TC(OC+EC)S] 87} 0.872, B dFolA
= o}F SA}EL zhkel 0.892 ® gt} Watson and
Chow (2001)2] dFeA= =z2®A]e)A] OCe TC
(OC-+EC)2] ®7} 0.97~0.990]¢ic}. A2 s &Y o
2 odei7l Boky) z2aiRe|Ae] OCE 9 5~15%
2 A § =4 (Watson ef al., 1997), B 1F
ArjE BoA 4.3%, =2 A 13.6%F 3R]
3ty FAME S e sidh

3.2 XIS &S

= 30 veid A4 AgAe] NE N2 74
24 ARle AFEz A5 AL AW R,
TEFRNe ARE AUdes BT A9E 3
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FE Aoz, FoAEL SO0, (20.5%)>Cl°
(15.3%)>OC (11.0%) >NH, " (7.4%) > EC (5.8%)2°.
2 44 o| 2RI el gguko] vl EAS
Zr=t} =3, & 3¢l= US. EPA (1992) #Al=.g} &
dgollM AMEE A EAe fAFRE AgHgel
o)s) mjFellM AlFFel FMERN AFAE ez
g 71E Watson et al. (1994)2] A= Yelfigde) 7}
£ ASHANA WEHE YA F 90% o]4te]
PM, ol siEchk e ¥ 18k Watson er al. (1994) |
oMol wiEdd FAER AEvY FeAE &M
0OC (30.1%)>EC (13.5%) >NO;™ (3.9%) > S0,*"
(2.3%)0]o M FoAE-Ee] AA|Fe o] £ A7
9 AH9} G FXF Helx ¢t} 12, Watson
et al.(1994)o)| A} A3 71&d AExjal| A2} OC/TC
(OC+EC)?] zhe] 0.69¢1%1+1l, ¥ dA7<lx= OC
7} ECRe} of 1994 = o] x}A|3le] OC/TCE] 7}
o} 0.652 FAM AFE AUTHE 3).

Table 4. Diesel vehicle source profiles (weight percent

E 4o AFHE A, M A Haa, a4
F A9 AFg QAo s BAF AE HFI
Agql TA el AE wiEY TFAEE A8
2 U.S. EPA(1992) ¥ Watson ef al. (1994) ¢} v] 3}
o] Yehfigleh & AFfelM A A5 e T
AR AEne) EAL gty Re] gae] Al
EFohe Aot olg} Zo] w2 whAAE k2 v
e AFel U.S. EPA (1992)8} Watson er al. (1994)2]
AT7AANMNE G 4~ ) 3 E AFNA
Mg G AFHS FLARES EC(54.5%)>
OC (25.3%) > Cl™ (3.2%)>S0,>” (14%) <=ol¢l 1, &k
AR (OCHEC)E A 3] of 80%e) 33=
= 7k& Ve 9ok US.EPA (1992) Ak8.9) W&
A 7AAEA AEvel FadRozr ECHY OCR
Al o]E AR A FF] 98%e] st HAzt
FAelM WlEE e W77k F YAk dREe @

AAENE oulslzr gl.om, Watson ef al. (1994)9]

Table 5. Industrial source profiles (weight percent by

by mass). mass).
. . . . E U.S.EPA (1992
Species  This study I(J;;rsdtgg /;3(21 19 093)) Wat(slo9n9ft§ ot Species  This study [(j;foﬁFleP /;1(3[59342)) (profite #1(3502))
Na®™  0.131+0.013" NA? 0.000+0.000 Na*  1.586+0.159" NA? NA
Mg?*  0.02740.003 NA NA Mg>*  0.00940.001 NA NA
Al 0.00040.000 0.008+0.000  0.174+0.121 Al 0.000+0.000 1.203+£0.120  0.210+0.000
Si 0.625+0.015 0.128+0.000  0.463+0.184 Si 0.134£0.029  2.077£0.208 NA
S 0.762+0.022 0.605+£0.000  1.240+0.280 S 14.85140.174 13.07+£1.307  9.600+0.000
Cl- 3.170+0.317 NA 1.620+0.400 cr 0.263+0.026 NA NA
K 0.080+0.008 0.009+0.000  0.042£0.033 K 0.055+0.005  0.056+0.006  0.085+0.000
Ca 0.0844+0.012 0.02240.000  0.159+0.063 Ca 0.050+0.011 0.208 +£0.021 0.085+0.000
Ti 0.000£0.000 0.000+0.000  0.002+0.153 Ti 0.000+0.000  0.079+0.009  0.074+0.000
\ 0.000£0.000 0.000+0.000  0.001 +£0.062 v 0.537+0.027 1.004£0.100  0.92040.000
Cr 0.000 £ 0.000 0.000+0.000  0.004%0.015 Cr 0.000+0.000  0.003+0.012  0.021+0.000
Mn 0.000+0.000 0.000+0.000  0.008+0.011 Mn 0.000+£0.000  0.011£0.002  0.01240.000
Fe 0.036£0.004 0.009£0.000  0.159%0.065 Fe 03140015  0357+0036  0.460+0.000
Ni 0.0000.000 0.000+£0.000  0.003+0.005 Ni 1.12240.261 1.595+0.160  0.490+0.000
Cu 0.001 £0.000 0.0024+0.000  0.013+0.008 Cu 0.000+0.000  0.051£0.008  0.000-£0.000
Zn 0.052+0.004 0.04240.000  0.070+0.019 Zn 0.033+0.007  0.052+0.005  0.040£0.000
Pb 0.000£0.000 002140000 001540029 Pb 0.000+0.000  0.032+0.006  0.0332+0.000
oC 25.30+1.580 33.50+0.000  40.10+6.60 oC 1.743£0.077  8.960+0.896 NA
EC 5446+5.113 64300000  32.90:+8.00 EC 2.12940.189  8.690+0.869 NA
NO,”  0.19240.019 NA 0.310+0.400 NO;,” 0.143+0.014 NA NA
SO 1.402+0.140 NA 2.440 4 1.000 SO 31.78+3.178 NA NA
NH,* 0.256+0.026 NA 0.866+0.126 NH," 2.203+0.220 NA NA
K1 0.080+0.008 NA NA K* 0.055+0.005 NA NA
Sum. 86.66 98.65 80.59 Sum. 57.01 37.45 12.03

"Standard error
2Not available

"Standard error
“Not available
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A= FQHE-E OC (40.1%)> EC (32.9%) >
SO (24%)0)%1aL, A B AA Fake <F 73%
o) shwrabele}. 5k, Watson ef al. (1994) o] A] )
A AER}|A ] OCITC (OC+EC)S] ko] 05593
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Table 6. Municipal incinerator source profiles (weight
percent by mass).

o e o) AR £ 27 AR F B
Anrt ARY ol A Svel Bl TP
247} Slsleh ARG 2R Y FHE
A R3u|E US. EPA(1992)2] Atmel »mst Az
£ = 5o ehigith AAH 20 FeAY
o] S0,2 (31.5%)>S (14.9%)>NH," (2.2%)>EC
(2.1%) €ol9lo™, 5] o 57%7F ¥A4€9 A+
o}%)e}. U.S. EPA (profile # 13504, 1992) xb.e] 79
34 el BT Ansb go) va - 8
Ak, 0 AEo] S(13.1%)>0C (9.0%)>EC (8.7%)
Q) vlal & ATNAT S7h A e
%313, EC#} OCx= ofF WA H7is o

£ 6ol =A] AR 272 Y &Y
TFAER AE¥)e] ZAAE US. EPA(1992) %
Olmez ef al. (1988)¢) TR 7ke} v)mabed LhehAg]
©}. Olmez et al. (1988)-2 ©]= Philadelphia®] oj7]=
MNAE AT d72 ez F 7/4e W9 E
A Wl Edel A A3k, A It A4 A=

Table 7. Coal-fired power plant source profiles (weight
percent by mass).

. . Olinez et al. . Watson et al.
Species  This study I(J}iféé:iepﬁ 1(7l 19 (?62)) (1988) Species  This study I(beéx%epﬁl(f 29352)) aéoo le)f

Nat  2.510+0.251" NA? NA Na™  0.19940.020" NA? NA
Mg?t  0.0630.006 NA NA Mg?t  0.118+0.0i2 NA NA
Al 0.000£0.000  1.170£0.000  0.2500.100 Al 9.579+0.187  10.02£1.503  3.830+2.570
Si 0.245+0.097 ND 1.70040.300 Si 15.04£0.187  17.124+2.568  6.810+4.030
S 1.493+£0.150 430040000  2.9004-0.800 S 1.458+0.072  0.501£0.050  5.910+3.180
cI- 24.90+2.490 NA NA cr 0.000+0.000 NA 1.030+0.669
K 221040199  5000£0000  7.60042.300 K 1.113£0.092  1.136+0.170  0.498+0.289
Ca 1.404+£0261  0.767£0.000  0.23040.100 Ca 1.676+£0.138  0.575+0.058  6.490+6.570
Ti 0.000+0.000  0.193+0.000  0.030%:0.015 Ti 0.634+£0.051 061420092  0.230+0.204
\Y 0.000£0.000  0.000£0.000  0.0010.001 v 0.0004£0.000  0.051£0.005  0.015%£0.063
Cr 0.000+0.000  0.036+0.000  0.01030.003 Cr 0.000£0.000  0.064+0.013  0.008+0.013
Mn 0.000+£0.000  0.083%£0.000  0.019+0.004 Mn 0.061+£0.011  0023+0.003  0.051%+0.047
Fe 1293+£0.153  0.627+£0.000  0.22040.050 Fe 332540051 23300350  2.100%1.030
Ni 0.000+£0.000  0.014%£0.000  0.029+0.004 Ni 0.025+£0.007  0.028+0.007  0.005+0.005
Cu 0.000+£0.000  0.180+0.000  0.13040.050 Cu 0.0004£0.000  0.023+0.003 00140018
Zn 0216+0032 118020000  10.40%0.500 Zn 0.051£0.011  0.039+0006  0.02940.017
Pb 0.000£0.000  8230£0.000  5.80041.200 Pb 0.0004£0.000  0.016+0.009  0.011£0.032
oc 3.120£0.111 NA 0.57040.260 oC 5.556+0.351 NA 5.200+10.24
EC 0.417+£0.019 NA 3.500+0.200 EC 0.42240.006 NA 4.090+£4.410
NO,”  0.41430.04] NA NA NO,”  0.614+0.061 NA 0.363£0.454
SO 2.400+0.240 NA 6.8002.300 SO 6.269+0.627 NA 15.20+8.250
NH,*  14.224+1.422 NA 0.3600.070 NH,*  0.197%0.020 NA 3.150%3.620
K* 1.7364+0.174 NA NA K* 0.088 +0.009 NA 0.143+0.108
Sum. 68.28 32.40 40.55 Sum. 46.43 32.54 55.18

Standard error
Not available

G784 A20d A3

YStandard error
DNot available
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N H AN A] oI A A A AFX] (dichotomous sam-
pler)E o] &3le] Al®mAFT F, IC, XRF, INAA 4
Carbon Analyzer (Environtech Corp., USA)= F-A43}
Gt 2AH W EA TN =4 A" 5 o
AA HEHE FLAEL Zn (10.4%)>K (7.6%)
>S0,7 (6.8%) s=olgiet. wbdol], & A7Aof 23}
9, FOMEES (1 (24.9%)>NH," (14.2%) >Fe
(12.9%)>0C (3.1%) <924 n]= Philadelphia®]
ArZdHels 9 2A4E Y g ol AF
#7188 FAuE 2 a7z ez ¢l Ao
2 A7E 5 30 Aold.

Aedad s slehibd o) 3k w]E2d TAER AR
u]= U.S. EPA (1992) & Watson er al. (2001)2] w}&
4 A AR e vlmsle] & 7ol vebdlth &
7ol oJspd, & AFolMe] FeAREL Si(15.0%)
> Al (9.6%) > S0,%” (6.3%) > OC (5.6%) > Fe (3.3%)
ol FFF oF 46%7F EAFE v, US.
EPA (1992) #tz.9] AMeidd: spePidlsol] it w2

1

oX.

A TAEAR AdEne] A FoARe] Si(17.1%)
> Al (10.0%) > Fe (2.3%)g0m, 4719 321 4o
A AFHE 107Re) Al8= compositedt Watson ef al.
(2001)¢] AFAHNME SO, (15.2%)> Si (6.8%)
>Ca (6.5%)>S (5.9%)ck. & AFolA ZA3 i,
Al Feo} 2}A)31= oke] U.S. EPA(1992)s} $-A}5 7
ke wql i, S0, 9] A9 Watson er al. (2001)
9] A7 ARG ofF Foir} o ARGE Muk(d:
= FREh WA A el M2 dar] dgies A7t
ek

3.4 Al247ZH(Biomass burning)

AMgAlel Ao 10047 e F33ks T o, 7%
gkl AEAD (BAE ME FAIF) o3 HollA 4
AZMe £LxPe S ZF £ e F23 A
32 el &delh divisld, &4 Mo $)x]3}
U M =AY 2 F3] gAY =
ANEAE 71FEoE AF: A fxstn 7]

e

>

4 K

Table 8. Biomass burning source profiles (weight percent by mass).

Species This study U.S. EPA (1992) U.S. EPA (1992) Watson ef al.
(profile #42304) (profile #42320) (2001)

Na* 0.21040.021" NAY NA NA
Mg?! 0.108+0.011 NA NA NA
Al 0.008+0.003 0.34040.300 0.31340.247 0.012+0.019
Si 0.116+0.015 0.30040.200 0.41140.384 0.025+0.022
S 0.409£0.032 1.500+0.700 0.638+0.425 0.18040.132
Cr 1.500+0.150 NA NA 0.25840.114
K 0.49340.028 5.900+2.500 2.321+1.454 0.934+1.130
Ca 0.01240.003 0.40040.300 0.660+0.605 0.031+0.032
Ti 0.0000.000 0.0054:0.005 0.00540.010 0.000+0.013
\% 0.00040.000 0.000+0.000 0.000%0.000 0.0000.008
Cr 0.00040.000 0.00510.007 0.00240.004 0.00040.003
Mn 0.004+0.001 0.004 +0.005 0.121+0.088 0.002 £0.002
Fe 0.012+0.002 0.200£0.600 0.20240.377 0.01740.026
Ni 0.00040.000 0.000+0.000 0.00040.000 0.000£0.001
Cu 0.0000.000 0.11040.400 0.03740.231 0.00040.001
Zn 0.002 £0.000 0.000 % 0.000 0.01120.012 0.030%0.138
Pb 0.0000.000 0.030£0.040 0.012+0.024 0.000£0.002
ocC 43.69+3.369 35.60£10.75 31.62+8.700 51.37+11.72
EC 4.627+0.485 5.800+1.740 5.183%2.303 12.394£4.200
NO,” 0.717+0.072 0.890+0.900 0.6494-0.888 0.074+0.019
S0, 0.82340.082 5.000+4.300 1.988+2.492 0.914%0.381
NH, " 0.259+0.026 NA 0.30940.265 0.12740.020
K* 0.82740.083 NA NA 1,400+ 1.160
Sum. 53.82 56.08 44.4% 67.76

"Standard error
*'Not available

J. KOSAE Vol. 20, No. 3(2004)
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2 Ao A2 US. EPA(1992) @ Watson et al.
(2001)2] -9} w]waled & 8o fehfigict £
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AFAM = OC7F ECrE}F oF 9.5 A% ol XA
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t}. U.S. EPA (1992)8} Watson et al. (2001)9} &F-¢j)
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FASRE BE, FLAAEEL C17(26.2%)>Nat
(18.6%)> S0, (7.1%) >Mg>" (4.0%)3) 2], Nat e}
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Table 9. Marine source profiles (weight percent by mass).

U.S.EPA (1992) Watson et al.

Species  Thisstudy e #43101) (1994)
Na®™  18.59+1.859" NA? 32.0043.800
Mg?*  3.953+0.395 NA NA
Al 0.000+0.000 NA 0.0000.000
Si 0.044£0.007 NA 0.0090.001
S 0.230+0.013  3.300£1.300  2.670+0.320
cr 26.15+£2.615  40.00+£10.00  57.40+6.900
K 004340014  1.400+0.200 1.18040.140
Ca 0.340+£0.022  1.400£0200  1.220+0.150
Ti 0.000£0.000  0.000£0.000  0.000+0.000
\% 0.000£0.000  0.000£0.000  0.00040.000
Cr 0.000+£0.000  0.00020.000  0.000£0.000
Mn  0.000£0.000  0.000%£0.000  0.00040.000
Fe 0.000£0.000  0.000+0.000  0.000+0.000
Ni 0.000£0.000  0.000+0.000  0.0000.000
Cu 0.000+£0.000  0.000+0.000  0.000+0.000
Zn 0.000+0.000  0.00040.000  0.00010.000
Pb 0.000£0.000  0.000+0.000  0.000+0.000
OC  0.015%0.001 NA 0.00040.100
EC 0.001+0.000 NA 0.000£0.100
NO;~  0.000%0.000 NA 0.004 £0.000
S0 7.111%0.711 10.00£4.000  8.0004+0.960
NH,*  0.000-0.000 NA 0.000+0.100
K+ 1.499+0.150 NA NA
Sum. 58.00 56.10 102.5

"Standard error
2Not available
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