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Abstract

The purpose of this study was to develop the PM, 5 source profiles for diesel and gasoline-powered vehicles,
which contained mass abundances in terms of mass fraction of PM, 5 of chemical species. Seven diesel-powered
vehicles and nine gasoline-powered vehicles were sampled from a chassis dynamometer exhaust dilution system.
The species measured were water-soluble ions, elements, elemental carbon (EC), and organic carbon (OC).

From this study, the large abundances of EC (54.5%), OC (26.0%), SO,*” (1.5%), NO;™ (0.8%), and S(0.6%) were
observed from the diesel-powered vehicle exhaust showing that carbons were dominant species. The gasoline-
powered vehicle exhaust emitted large abundances of OC (38.3%), EC (4.2%), SO,> (3.6%), NH," (3.5%), and
NO;™ (3.0%). The abundances of SO,2", NH,*, and NO,;~ from gasoline vehicle were greater than those of diesel
vehicle. The emissions of P, S, Ca, Fe, and Zn among trace elements for the gasoline vehicle were greater than 1%
of the PM, 5 mass unlike those for the diesel vehicle. Particularly, the fraction of Zn was five times higher from the
gasoline vehicle than that from the diesel vehicle. The source profiles developed in this work were intensively
examined by applying chemical mass balance model.

Key words : Source profiles, PM, s, Gasoline-powered vehicle, Diesel-powered vehicle, Chassis dynamometer

*Corresponding author.
Tel : +82-(0)43-299-8722, E-mail : hsl @seowon.ac.kr

k=) 7] 373 81 3) %] A 26 W A 35



—

- M =
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Table 1. Classification of test vehicles.
) Driving Registration
Vehicle type (fuel) Model Model year distance (km) fraction (%)
New AVANTE 2006 26,758 39
AVANTE XD 2006 39,280 3.3
AVANTE 1.6 1996 124,614 18
b SONATA 111 1998 124,465 31
N(Gasgﬁ]g)ar SEPHIA 1996 167,338 20
CREDOS 1996 176,357 1.4
VERNA 2002 89,583 1.2
SM-520 2005 72,000 15
GRANDEUR 1995 225,361 0.2
KORANDO 1999 240,000 53
MUSSO 1998 229,605 17.0
. . SANTA FE 2001 135,242 33
L'ght('g‘iggl’)eh'de REXTON 2005 92,522 14.0
STAREX 2004 192,000 17.1
STAREX 2003 134,270 17.1
GRACE 2000 239,000 10.1
Truck 1-ton PORTOR 2003 227,047 27.7
(Diesel) 1-ton PORTOR 2004 99,693 27.7

1,500cc ¥ 2,000cce] §3 o] 7|e} §3e vl
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Table 2. Specification of chassis-dynamometer.

Items Specifications
Model DCE-80
Power absorption 40HP
Maximum inertia weight 3,345kg
Maximum roll speed 150km/h
Roll size 21.97cm
Trim wheel (Ib) 680kg
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Fig. 1. Schematic diagram for exhaust emission test system.
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Fig. 2. Driving cycle of ECE15+EUDC mode for diesel-
powered vehicles.
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Fig. 3. Driving cycle of CVS-75 mode for gasoline-power-
ed vehicles.

2= ECE15+EUDC 2=Z2 ALg3l9dt) o] 4z
A5 AA A} w2 dehie $4x
&

=
A5 AA, 7HE A 14 5] FARE Ad

J. KOSAE Vol. 26, No. 3(2010)



322 7S 24 - ol e i YA A - olah
Table 3. Source profile for diesel-powered vehicles. (unit: wt%)
Species STAREX GRACE MUSSO SANTAFE KORANDO 1ton PORTER REXTON
Na* 0.253 0.060 0.091 0.000 0.091 0.184 0.145
Mg?* 0.024 0.009 0.000 0.000 0.010 0.020 0.034
Al 0.017 0.022 0.008 0.010 0.010 0.009 0.000
S 0.032 0.084 0.110 0.000 0.133 0.014 0.126
P 0.046 0.028 0.128 0.041 0.078 0.227 0.054
S 0.103 0.148 0.098 0.008 0.096 1.400 0.114
cl 0.059 0.019 0.012 0.011 0.009 0.028 0.031
K 0.052 0.005 0.002 0.000 0.010 0.021 0.025
Ca 0.114 0.079 0.163 0.096 0.094 0.264 0.109
Ti 0.000 0.002 0.000 0.000 0.002 0.000 0.002
\ 0.000 0.000 0.000 0.000 0.000 0.000 0.001
Cr 0.001 0.002 0.001 0.001 0.000 0.002 0.000
Mn 0.001 0.003 0.003 0.001 0.002 0.002 0.005
Fe 0.010 0.042 0.014 0.024 0.041 0.075 0.014
Ni 0.001 0.000 0.001 0.001 0.000 0.010 0.006
Cu 0.002 0.009 0.000 0.001 0.001 0.025 0.005
Zn 0.167 0.127 0.164 0.080 0.116 0.336 0.203
Br 0.003 0.001 0.000 0.000 0.000 0.003 0.000
Cd 0.006 0.003 0.002 0.008 0.003 0.009 0.003
Pb 0.008 0.004 0.002 0.000 0.002 0.000 0.006
ocC 19.460 28.413 25.400 30.170 31477 24,098 26.700
EC 58.320 42577 61.675 64.215 36.727 53.543 49.680
NO;” 1537 0.158 0.341 0.373 0.110 1.269 0.119
SO% 0.025 0.364 0.039 0.021 0.236 3.306 0.297
NH,* 0.097 0.577 0.046 0.047 0.294 0.651 0.306
(o 0.231 0.167 0.105 0.000 0.172 0.263 0.286
K* 0.159 0.034 0.090 0.011 0.055 0.199 0.059

A AN s AN ZAF S e AnE A
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Table 4. Source profile for gasoline-powered vehicles. (unit: wt%)
Species  AVANTE AVANTEXD AVANTEL6 GRANDEUR SONATAIIl  SEPHIA CREDOS VERNA  SM-520
Na* 1451 2.800 2.090 0.592 0.319 0.917 1.064 1.468 4.560
Mg?t 0.000 0.608 0.500 0.000 0.058 0.076 0.107 0.088 0.650
Al 0.304 0.000 0.000 0.542 0.000 0.226 0.414 0.063 2.273
S 0.353 0.685 0.000 0.282 0.126 0.109 1.294 0.413 2554
P 0.172 0.047 0.123 0.053 1.076 1.344 0.838 3575 5.419
S 1.440 0.000 0.000 2.627 1.255 5.067 0.000 2.067 1.299
Cl 0.340 0.045 0.060 0.000 0.070 0.023 0.426 0.388 0.051
K 0.391 0.051 0.021 0.313 0.089 0.352 0.795 0.235 0.620
Ca 0.637 0.325 0.260 0.671 5.390 3.309 1.504 14.645 1.301
Ti 0.008 0.061 0.062 0.240 0.005 0.019 0.104 0.042 0.305
\Y 0.000 0.000 0.000 0.000 0.000 0.003 0.019 0.000 0.000
Cr 0.020 0.000 0.000 0.033 0.000 0.053 0.104 0.000 0.000
Mn 0.000 0.064 0.095 0.084 0.023 0.210 0.299 0.011 0.027
Fe 1.960 0.448 0.611 1.325 0.840 0.816 5.857 0.389 2919
Ni 0.023 0.000 0.007 0.000 0.002 0.005 0.000 0.009 0.021
Cu 0.182 0.038 0.088 0.236 0.028 0.155 0.174 0.055 0.293
Zn 0.461 0.277 0.291 0.417 2.059 1.542 1.389 2518 0.515
Br 0.000 0.000 0.004 0.000 0.003 0.000 0.039 0.000 0.000
Cd 0.019 0.031 0.050 0.000 0.007 0.085 0.000 0.049 0.786
Pb 0.053 0.000 0.243 0.150 0.009 0.000 0.000 0.000 0.000
ocC 39.480 27.19 56.000 19.580 39.98 26.310 65.570 21.330 42.060
EC 14.870 0.000 0.000 0.000 1.300 1.840 6.040 1.020 1.830
NO;~ 10.301 0.598 1.120 1.448 0.267 3.964 0.412 0.275 1.240
SO,2 2.761 2153 2,077 4.118 2.608 11.029 1.254 2.456 6.385
NH,* 3.416 3.008 2.803 4.735 124 7.941 1.558 1.004 8.015
Cl~ 1.133 3.292 4.740 2.272 0.826 2.115 0.749 1.423 2.275
K* 0.602 1.906 1.107 0.280 0.134 0.444 0.500 0.214 2.205
2.4 338 EM 3. Zda o jmE
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Table 5. Diesel-powered vehicle source profiles (Composite).

ColE - WA - YA A

(unit: wt%)

Species This study U.S. EPA (2006) (profile 3219) Watson et al. (1994) Leeet al. (2004)
Na* 0.130+0.013 NAP 0.000+0.100 0.131+0.013
Mg? 0.014+0.001 NA NA 0.027+0.003
Al 0.010+0.027 0.000+0.019 0.174+0.121 0.000+0.000
Si 0.043+0.040 0.445+0.181 0.463+0.184 0.625+0.015
P 0.131+0.013 0.061+0.036 0.061+0.058 NA

S 0.635+0.036 1.189+0.592 1.240+0.280 0.762+0.022
Cl 0.024+0.006 0.049+0.031 0.028+0.061 NA

K 0.017+0.007 0.018+0.014 0.042+0.033 0.080+0.008
Ca 0.174+0.015 0.161+0.134 0.159+0.063 0.084+0.012
Ti 0.000+0.004 0.000+0.013 0.002+0.153 0.000=+0.000
Y, 0.000+0.000 0.000+0.005 0.001+0.062 0.000=+0.000
Cr 0.001+0.004 0.022+0.012 0.004+0.015 0.000+0.000
Mn 0.002+0.008 0.008+0.004 0.008+0.011 0.000=+0.000
Fe 0.045+0.011 0.588+0.301 0.159+0.065 0.036+0.004
Ni 0.005+0.002 0.022+0.016 0.003+0.005 0.000+0.000
Cu 0.011+0.004 0.005+0.003 0.013+0.008 0.001+0.000
Zn 0.218+0.019 0.144+0.098 0.070+0.019 0.052+0.004
Br 0.002+0.006 0.015+0.010 0.002+0.009 NA

Cd 0.006+0.019 0.000+0.006 0.010+0.079 NA

Pb 0.002+0.010 0.171+0.136 0.015+0.029 0.000+0.000
oC 25.95+3.67 18.54+7.900 40.10+6.60 25.30+1.580
EC 54.48+6.61 78.83+23.30 32.90+8.00 54.46+5.113
NO;~ 0.802+0.080 0.098+0.035 0.310+0.400 0.192+0.019
Soka 1.466+0.146 1.368+0.793 2.440+1.000 1.402+0.140
NH,* 0.374+0.037 0.339+0.103 0.866+0.126 0.256+0.026
(o 0.185+0.018 NA 1.620+0.400 3.170+0.317
K* 0.119+0.011 0.000+0.012 NA 0.080+0.008
Sum 84.85 102.0 80.69 86.66
aStandard error, "Not available

o & Az soden 4 A3 FRUse A ARalE Jehl 54 wge] F RS
g 83l 7hE AR AFE e AFAT AlA EHE PMyso FARS EC(545%)>
3} &7 = 59 6o e B AF¢) o oC (26.0%)>SO42’ (1.5%) >NO;™ (0.8%) > S (0.6%)
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(2004)9] AFAFANM= & = ek £ AT
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o] ECIOCS] u]&-2 212 2 JdFA7} o) Leeet
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A5 g 1.37%¢o|H, T35 oA Zn(0.2%)0]
vl A et Zlo] EAlelr) o]} 2 Az}
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Table 6. Gasoline-powered vehicle source profiles (Composite). (unit: wt%)
Species This study U.S. EPA (2006) (profile 3227) Watson et al. (1994) Leeet al. (2004)
Na* 1.715+0.1717 NAP 0.000+0.000 1.889+0.189
Mg? 0.242+0.024 NA NA 0.713+0.071
Al 0.311+0.262 0.000+0.177 0.412+0.205 0.000+0.000
Si 0.560+0.298 0.433+0.450 1.640+0.880 1.847+0.046
P 1.114+0.074 0.046+0.042 0.115+0.065 NA
S 1.346+0.242 0.300+0.278 1.010+0.480 4.884+0.522
Cl 0.162+0.059 0.214+0.470 0.338+0.322 NA
K 0.276+0.055 0.000+0.066 0.249+0.141 1.143+0.114
Ca 2.676+0.070 0.135+0.096 0.707+0.407 1.825+0.183
Ti 0.059+0.040 0.000+0.248 0.065+0.126 0.000+0.000
\Y 0.002+0.004 0.000+0.102 0.005+0.054 0.000=+0.000
Cr 0.018+0.036 0.000+0.022 0.015+0.010 0.000+0.000
Mn 0.075+0.076 0.000+0.018 0.105+0.036 0.000+0.000
Fe 1.499+0.101 0.148+0.123 0.685+0.423 0.396+0.058
Ni 0.009+0.018 0.008+0.008 0.009+0.009 0.000+0.000
Cu 0.119+0.033 0.000+0.019 0.074+0.064 0.070+0.002
Zn 1.008+0.035 0.068+0.027 0.273+0.225 0.192+0.018
Br 0.004+0.055 NA 0.029+0.016 NA
Cd 0.091+0.189 0.000+0.118 0.011+0.068 NA
Pb 0.039+0.095 2.073+0.090 0.155+0.072 0.000=+0.000
oC 38.32+4.93 75.64+28.98 30.10+12.30 10.97+1.071
EC 4.22+3.64 18.39+11.20 13.50+8.020 5.802+0.466
NO;~ 3.039+0.030 1.651+2.835 3.890+2.870 2.061+0.206
Sela 3.646+0.036 2.107+3.214 2.290+1.320 20.47+2.047
NH,* 3.501+0.035 1.735+2.989 1.670+1.020 7.373+0.737
Cl~ 2.032+0.020 NA 0.640+0.655 15.30+1.530
K* 0.879+0.087 0.000+0.781 NA 1.143+0.114
Sum 66.96 100.9 57.98 76.08

aStandard error, °Not available

= OC, EC, S, Cl, NO;, SO.2, NH,", Br, Zn & =}
A A (marker) 4z ERSIE 71E AT
Az} & dX 5= A2 el I (Chow, 1995;
Huang et al., 1994). P, Br, Cd< 2 7o A%
g olAtom EA =gl o), B del 22 uhgo
2 AAE Leeet al. (2004)9] A7elre HEIHA
o3tZ A H (& 5).

B AFelA siEst 7R RS wiE] A
A NS vERd = 6oA HRe] I s&d
gzt A M E2EE MRS Fad®> OC
(38.3%) > EC (4.2%) > SO, (3.6%) > NH,* (3.5%) >
NO;™ (3.0%) o] =Hl, JAAF2te} vl msle] whA
Ad5-2] g (42.5%) ] ekl EC AHn|7) #H1gl
o YAzERkel "] OC A¥n)7h gl =3,
ECo g (42%)2> th2 dFue A A
o 2 o329 OC/ECe u|&2 ¢ 92 Leeetal.

(2004) B} oF 3w, U.S. EPA (2006) Bt} ¢F 2],
)3 Watson et al. (1994) ¥.o} o 4u] =9l = 2
Aol 0Ce] ol vhe Ehee ovlshed,
o A= A3 A LEH Aol reiE A1)
Q7] whiel a4k OCe] )3t ofgke] el Fe
sl Aoz FYuch BHR o & AR Fo
15.1%¢]o14 HAAEART oF 5 ek =,
nlHRA ] Fo o eARoz kel SO, NH,
NO; o Febe HAAEAue Fokw, o Az
ge APdE $A8 2oe Ui d (E 59
6). EAE Qs %e) e 9.41%0]014 HAAE
Aweh of 7o) steh =8, P, S, Ca, Fe, Zne] g
& DAREA) A 2 Qo] ghepe] 19 w]gkol
i, 7 AEAANNE olE QaEe] ol
19 ol 4 vehlsich. B3, Zne) feke oAE
Ahuh 5 3ket (59 6).
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Table 7. Comparison of source contributions to PM,s mass obtained from CMB model using old and new source

profiles. (unit: pg/md)
08/06/2001 08/16/2001
Sources

Old profile® New profile Old profile New profile
Soil dust 0.00+0.00% 0.00+0.00 0.00+0.00 0.00+0.00
Road dust 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
Gasoline vehicles 17.27+2.10 2.77+0.54 16.39+1.91 4.64+0.78
Diesel vehicles 10.39+1.82 18.07+1.97 6.88+1.29 17.45+2.06
Municipal incinerator 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
Point sources 0.00+0.01 0.00+0.00 0.00+0.00 0.00+0.00
Residential boiler 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
Agricultural burning 0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00
Marine aerosol 0.61+0.07 0.28+0.05 0.61+0.07 0.20+0.06
Coal power plant 0.00+0.01 0.00+0.00 0.00+0.01 1.24+0.20
Chinese aerosol 0.00+0.00 1.15+0.77 0.02+0.12 2.91+1.00
NH,NO; 5.31+0.67 5.62+0.64 1.15+0.23 1.39+0.20
(NH,),SO, 5.93+0.74 5.78+0.67 2.04+0.39 1.01+0.24

PMs?  Rsquare 0.85 0.83 0.86 0.88

Chi square 6.65 11.63 4.87 10.76

DF 13 12 14 12
% mass 98.0 83.6 98.5 104.9
08/20/2001 08/28/2001
Sources

Old profile New profile Old profile New profile
Soil dust 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
Road dust 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
Gasoline vehicles 16.44+251 9.65+0.86 14.01+1.63 5.59+0.78
Diesel vehicles 529+1.21 11.97+1.66 5.19+1.03 11.19+1.45
Municipal incinerator 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
Point sources 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
Residential boiler 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
Agricultural burning 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
Marine aerosol 0.85+0.10 0.15+0.07 0.53+0.07 0.19+0.06
Coal power plant 0.00+0.00 0.87+0.22 0.00+0.01 1.70+0.18
Chinese aerosol 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
NH,NO; 0.31+0.18 0.61+0.12 1.25+0.23 1.83+0.22
(NH,),SO, 3.13+0.42 1.93+0.41 0.42+0.27 0.73+0.16

PMs?  Rsquare 0.88 0.89 0.86 0.92

Chi square 5.12 841 5.33 7.70

DF 11 12 10 10
% mass 109.3 105.8 112 1111

YSCE (Source Contribution Estimate) + Standard Error (ug/m®)
2PMs (Performance Measures): R square(>0.8), Chi square(>4.0), DF (> 5), % mass(100% 20%).
I eeet al. (2004)

3.2 HiEY TMH=E MEH|e CMB ZH o thate] S8 J7A= (Leeetal., 2003) 3 A%
HE 2w Ed 7 =rt 7 wuW 8H 712 F 4

2 Aol At 7 A HAzbsA iE] 9 59k CMB 22 o]43t wjE Jexs B
o] FAEA AEHE 7|2 FHelA AR wlE AT AFA FEFD AER wEY TAE
A TR 9l Bl - FAEle] CMB 2Ello|o] & A AJEu)e} 7]E A Y] (Leeet al., 2004)F o]
471sAE Hrkskd 43te] A2 A v Frlste] & 7 A3}

(<}
W H71E §lste] 2 AFxle] 2001 AM2Al vERAEL 20019 89 69, 169, 20, 2821 2] PM,
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Table 8. MPIN (Modified Pseudo-Inverse Normalized) matrix result of 08/28/2001.

Species Gasol. V. Diesel V. Marine Coa PP NH4NO; (NH,),S0O,
NO;” 0.00 0.00 0.00 0.00 1.00 0.00
ol 0.00 0.00 0.00 0.00 0.00 1.00
Na 0.01 -0.01 1.00 -0.10 0.00 -0.02
Mg -0.30 0.09 0.49 0.73 0.02 —0.05
Al -0.37 0.12 0.13 1.00 0.03 —0.06
Cl 0.12 —-0.03 0.75 -0.21 -0.01 -0.02
Ca 0.57 -0.16 -0.28 -0.35 -0.04 -0.02
\% -0.30 0.09 0.10 0.83 0.02 —0.05
Cr 0.06 -0.02 —-0.03 0.01 0.00 -0.01
Mn 0.18 —0.06 -0.09 -0.12 -0.01 -0.01
Fe 0.37 -0.13 -0.30 0.99 -0.03 -0.12
Ni 0.02 0.05 -0.02 0.02 0.00 -0.01
Zn 1.00 -0.07 -0.54 —-0.80 -0.09 —0.06
Pb 0.07 -0.02 -0.04 -0.04 -0.01 0.00
EC —0.62 1.00 0.22 0.45 0.00 -0.11
oC 0.28 0.42 -0.20 -0.27 —-0.05 —-0.08

¥ 40.25, 2752, 23.77, 19.06 ug/mPo] QI

& 7oA F 2] AbgAt wlwdelr A st
AUE A= 3}l R square (0.8 ©]4}), Chi square (4.0
o] A}, DF (degree freedom, 5 ©]4h) = % mass (80~
120% W$] o|H)S ur=sla 9)7] wlEe] =R}
o Wt A xE g & 4 9

B AT A] /et AER; wlEd FAAEA
B] (new profile) s =718}7] ¢8ted =419 49 =
6]"‘?“‘21 20014y 8% 280‘401] 4 %}:‘)ﬂ T’Hﬁ{} MPIN

Al

=]
o

(modified pseudo-inverse normalized) M| el A5 =
8¢l Llellth. MPIN tj 28l A= 5715 Ex ) 7+
W&z 7bg Fedh JdAME Z s Al

A #ARES BAIZCE & 7ol YehRo], 20014 8
o 289Y9] F2 PM,s &5 7143 A Azt
T2h A Mskste dAda gl oAt
(NH/NO;2} [NH ]SO ) olgiet & 7oAl HKo] o
2B o AmHRe] AEAAEH) A
Zn, €14 AEA] A9 EC, |G UHe] A9 Na, 4
shete 4] 79 Al NHNO:2 7% NOg,
(NH);S0;= SO el$i.m2, CMB xdlollAl 2 )
294 AP SA9e AxHR] B ANHUEL
ST 4 qlov], meba % 69l et §24
S wd Azl Aoz BT 8)
AgAlel A 2001 5B 2002\d7kA] 4=3%l CMB
Sgwag ol g% AEA WEY sloiw Azl
o3k, nlA A &Y F 54 M w2 7]

AxE vl WEde A5 WiEdez HrtE
9t (Leeet al., 2003). w3 AFH 2= A9z 7}
£ A7 9ARREAReE vEe] F83 wiEsd
RAoz HrlEgch(Leeet al., 2003). & 7oA o &=
Aol 2 Aol MEdt aAbgat e FAER
AEHE o] 43 CMB W& 7 xei= 7]E
A7AFe} T AFE w2 AAk &Y
71 =g vepl 2 Qo 23y 7)E wEY FAEE
A AERE ol 47 7 HAAEAE Tk AL
A 7 =rb L7~3 1= ol Adwe] o3&

W, 2 QoA PR w2 g

e ENE

4% A AERAFAL] Sedt i
o) ZAE Byl PRy PARFAL Felwd] F

5o} HAAERE] 7o w7 THeAR 5l )
12~650 2 obal o] Sol& Wt Aol =4t
71E &Y FAEE AAENE AR %
F 7led =7} 0~0.02pug/mPe| el A eks}e
9 FZ ole]2E9] 7)o st 1~3ugm®7iA]
A7)% st ol 7= AER} W2
7HERA SR i E] FAAER AEN Y] 2
71918 Aoz AAEA & AFelA s AE

A ER e ARelE seudd Agse
A% Beh A% DA AERAER] S
£ 7RG 5 U E90) FRE o Bl Tetg
4 9l7l o], CMB 4-4-28& ol gale] f 7]

o] mARIA] (PMys) sl H3E 2gate] 7l =g
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