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Abstract

Polycyclic aromatic hydrocarbons (PAHS)
emission tests for a gasoline-powered motor engine
fueled with two different 95-leadfree gasoline
(C95-LFG, T95-LFG) by different refinery
processes, were simulated to 3 steady-state modes
and operated on a dynamometer with fully automatic
control system. The concentrations of 21 individua
PAHs in the engine exhaust, gasoline were
determined and analyzed by a GC/MS. This
investigation showed that the highest PAHSs
emission concentration were operated under the
cruising speed of 50 kmv/hr for both C95-LFG and
T95-LFG. However, the total PAHs and BaP
emitted from T95-LFG motor engine were 1.57 and
1.75 times, respectively, higher than C95-LFG
motor engine. Even for BaPeq, T95-LFG motor
engine also emitted more than 1.60 times higher
than C95-LFG engine. Furthermore, an assessment
on their PAH emission should be evaluated to make
sure that the refinery processes and their physical
and chemical specification will be discussed for the
regulation and its possible risk on public health.
Keyword: 95-L eadfree Gasoline, Polycyclic Aromatic
Hydrocarbons (PAHS), Gasoline powered motor
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(SGICC  15W/40)

PAHs
CT 95-LFG
C95-LFG PAHSs
24.2~35.4 mg/L 30.5
mg/L( 1 ) T95-LFG PAHSs
19.5~24.7 mg/L 21.4 mg/L( 2
) 21 PAHs
PAHSs
PAHSs
Nap AcPy Acp Flu
PAHs FL Pyr BaA CHR
CYC BbF BkF BeP PER DBA
Bbc BaP IND BghiP
COR C95-LFG PAHSs Nap
PAHSs 61.6%
29.5%( 3 ) T95-LFG PAHSs
Nap PAHs 99.4%
0.3% 0.3%
C95-LFG BaP 0.15~0.31 mg/L
0.24mg/L( 1 ) BaPq
0.25~0.40 mg/L 0.33 mg/L
T95-LFG BaP BaPg,
0.02~0.031 mg/L 0.33
mg/L PAHSs C95-LFG
TO95-LFG PAHSs
Input/Output [1]
PAHs
PAHs
PAHSs

PAHs

PA  Ant

PAHs
C95-LFG

C95-LFG
PAHs
4 PAHs
Nap 932
ng/m* AcPy Acp Flu PA
648 9.84 6.67 521 pgm’
PAHs 0.54 pg/m?
BbF  BaP 0.15 0.057
ng/m® 50
km/hr( 6275 rpm) PAHs
1249 ug/m® 30 knvhrr(
5570 rpm) PAHs
1097 pg/m’
( 1800 rpm) 727
ng/m? PAHs
Nap AcPy Flu IND DBA
BbC  COR
BaA BaP BghiP
BaPy 50
km/hr(
1.38 pg/m®
ng/m’ (1800rpm)
1.14pg/m?
PAHs 30
5570 rpm) 764 pg/km
50 km/hr(6275rpm)

6275 rpm)
30 km/hr(5570 rpm) 1.16
0.68 ug/m®

kmvhr(

1. C95-LFG PAHs (n=3)

C95-LFG
PAHs RSD
(mglL) (mglL) (%)
Nap 31.2~45.7 37.3 19.6
AcPy 0.70~0.76 0.80 14.8
Acp 24~3.21 2.79 14.5
Flu 3.47~4.73 4.18 5.00
PA 5.31~7.16 6.29 14.8
Ant 3.26~4.33 3.85 14.2
FL 0.34~0.45 0.41 14.9
Pyr 0.71~0.98 0.86 16.0
CYC 1.31~2.97 2.57 24.9
BaA 0.18~0.29 0.25 25.2
CHR 0.07~0.14 0.12 31.6
BbF 0.08~0.12 0.09 22.0
BkF ND ND --
BeP 0.15~0.31 0.24 33.9
BaP 0.14~0.25 0.20 28.1
PER 0.07~0.26 0.14 74.3
IND 0.02~0.04 0.03 43.1
DBA 0.001~0.02 0.01 129
BbC 0.03~0.58 0.23 128
BghiP 0.03~0.1 0.06 62.2
COR 0.09~0.26 0.19 45.6
PAHs 24.2~35.4 30.5 6.40
BaPg 0.25~0.40 0.33 224
N.D. non-detectable -- un-available.
PAHs 558 pg/km
616pg/km 30 km/hr( 5570 rpm)
(BaPy)  0.81 pg/m’ 50
km/hr(6275 rpm)  0.65 pg/m® 0.73
ug/m?
PAHs
T95-LFG
PAHs 5
PAHs Nap
1300 pg/m? AcPy
Flu Acp PA 257 211 174 496
pg/m? PAHs
0.6 pg/m® BeP BaP
0.07 0.10 pg/m®
50 km/hr( 6275 rpm)
PAHs 1604 pg/m’ 30
km/hr(5570 rpm) PAHs
1556 pg/m®
(1800 rpm) 1117 pg/m®
C95-LFG PAHs
Nap

AcPy Acp Flu PA Ant FL BbF BeP BaP
PER

CYC CHR
PAHs
BaPy 50 kmvhr(
6275 rpm) 2.23 pg/m®
30 knmvhr(5570rpm) 1.84 pg/m®
(1800rpm) 1.21ug/m? 1.76
pg/m’
PAHSs 30 km/hr( 5570 rpm)
1083 pg/km 50 km/hr(6275rpm)



2.T95-LFG  PAHs (n=3) 3 95LFG PAHs
T95-LFG PAHS C95-LFG T95-LFG 95-LFG[1]
PAHs RSD (%) (%) (%)
(mg/L) (mg/L) (%) 61.55 99.36 76.7
Nap 19.4~24.5 21.2 13.3 29.54 0.30 17.9
AcPy 0.005~0.006 0.005 14.9 2.69 0.04 1.33
Acp 0.008~0.01 0.009 15.6 542 017 1.33
Flu 0.015~0.023 0.019 21.3 048 003 260
PA 0.026~0.038 0.03 21.3 031 ND 0.02
Ant 0.016~0.026 0.02 28.9
FL 0.001~0.004 0.003 52.9
Pyr 0.001-0.003 0.002 46.0 kmvhr(6275 rpm) PAHs
CcYC 0.008~0.035 0.018 79.7 1249 pg/m? 30 km/hr(5570
BaA ND ND - rpm) PAHs 1097 pg/m®
CHR 0.001~0.008 0.004 90.5 1800 rpm) 797
BbF 0.002~0.025 0.012 98.2 s ( P
BKF ND ND - pg/m
BeP ND~0.01 0.005 123 3. T95-LFG
BaP ND ND -
ER ND ND - 50 km/h3r(6275 rpm) PAHSs
IND ND~0.004 0.002 173 2140 pg/m 30 km/hr(5570
DBA ND~0.006 0.002 173 rpm) PAHs 1556p0/m®
BbC ND ND - (1800 rpm) 1117
BghiP ND~0.11 0.005 122 i
COR ND ND - Ho
PAHS 195-24.7 214 135 4. T95-LFG PAHSs
BaPy 0.02~0.031 0.024 27.16 C95-LFG 157 BaP
N.D. non-detectable -  un-available. T95-LFG C95-LFG
C95-LFG 1.75 T95-LFG
PAHSs 1007 pg/km C95-LFG 1.6
1045 pg/km 30 5. PAHs C95-LFG
km/hr( 5570 rpm) (BaP)
1.28 pg/m® 50 km/hr(6275rpm)  1.05
pg/m® 1.17 pg/m® C95-LFG PAHs
PAHs
CO5-LFG TO95-LFG
PAHs T95-LFG
PAHs C95-LFG 1.75
PAHs

Nap AcPy Acp Flu BbF BaP PER
IND DBA BghiP T95-LFG
PA Ant FL Pyr CYC BaA CHR BKF
BeP BbC  COR C95-LFG
C95LFG T95-LFG
PAHSs 6
PAHs

C95-LFG
91.0% 8.52%
T95-LFG
18.8%

0.48%
PAHs 81.0%

0.18%

C95-LFG T95-LFG

PAHs

1. C95-LFG
24.2~35.4 mg/L
TO5-LFG

mg/L

PAHSs
30.5 mg/L
PAHs 19.5~24.7

214mglL C95-LFG
PAHs  T95-LFG 143

PAHs

2. C95-LFG 50
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4 C95-LFG PAHs
Idling 5570rpm 6275rpm
PAHS (0 km/hr) (30 kmvhr) (50 km/hr)
3
wom) | @okm) | gm) | @okm) | @om) | (ugkm (hgm) (hgkam)
Nap 661 - 1010 704 1123 529 932 616
AcPy 45.1 - 51.2 35.7 08.2 46.2 64.8 40.9
Acp 3.92 - 16.5 115 9.10 4.28 9.84 7.89
Flu 4.32 - 7.44 52 8.26 3.89 6.67 453
PA 6.28 - 4.10 2.86 5.23 2.46 5.21 2.66
Ant 0.92 - 0.55 0.38 0.84 0.40 0.77 0.39
FL 0.81 - 1.06 0.74 0.35 0.16 0.74 0.45
Pyr 0.89 - 153 1.07 0.27 0.13 0.90 0.60
CcYC 0.77 - 0.82 0.57 0.04 0.02 0.54 0.29
BaA 0.07 - 0.015 0.01 0.005 0.002 0.03 0.006
CHR 0.01 - 0.04 0.03 ND ND 0.016 0.014
BbF 0.33 - 0.68 0.48 0.60 0.29 0.54 0.38
BKF 0.30 - 0.015 0.01 0.65 0.31 0.32 0.16
BeP 0.19 - 0.10 0.07 0.16 0.08 0.15 0.07
BaP 0.079 - 0.055 0.04 0.04 0.02 0.057 0.03
PER 0.13 - 0.16 0.11 0.13 0.06 0.14 0.09
IND 0.08 - 0.014 0.01 0.19 0.09 0.09 0.05
DBA 0.007 - ND ND 0.014 0.007 0.007 0.003
BbC 0.16 - 0.29 0.20 0.80 0.38 0.42 0.29
BghiP 0.14 - 0.05 0.03 ND ND 0.062 0.02
COR 0.62 - 1.89 1.32 1.03 0.49 1.18 0.9
PAHs 727 - 1097 764 1249 588 1024 616
BaPy 0.68 - 1.16 0.81 1.38 0.65 1.14 0.73
N.D. non-detectable  -- un-available.
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5 T95-LFG PAHSs
Idling 5570rpm 6275rpm
PAHS (0 km/hr) (30 km/hr) (50 km/hr)
3
wom) | @okm | (om) | gkm | @gmd) | gkm | ®9™ | (kokm
Nap 971 - 1320 919 1610 758 1300 838
AcPy 122 - 196 136 455 214 257 175
Acp 10.0 - 14.4 10.0 27.8 13.1 17.4 115
Flu 10.7 - 17.9 12.4 34.6 16.3 21.1 14.4
PA 2.19 - 5.08 353 7.61 358 4.96 3.56
Ant 0.24 - 0.82 0.57 112 0.53 0.73 0.55
FL 0.28 - 0.37 0.26 0.46 0.22 0.37 0.24
Pyr 0.25 - 0.31 0.21 0.28 0.13 0.28 0.17
CYC 0.073 - 0.07 0.05 0.015 0.007 0.05 0.03
BaA 0.007 - 0.001 0.001 0.003 0.001 0.004 0.001
CHR 0.012 - 0.004 0.003 ND ND 0.006 0.001
BbF 0.15 - 0.59 0.41 1.06 0.50 0.60 0.46
BKF 0.35 - 0.09 0.06 0.30 0.14 0.25 0.10
BeP 0.06 - 0.07 0.05 0.08 0.04 0.07 0.04
BaP 0.03 - 0.24 0.17 0.035 0.02 0.10 0.09
PER 0.05 - 0.072 0.05 0.32 0.15 0.15 0.10
IND 0.10 - 0.04 0.03 0.16 0.07 0.10 0.050
DBA 0.02 - 0.024 0.02 0.003 0.002 0.015 0.01
BbC 0.095 - 0.065 0.05 0.10 0.05 0.09 0.05
BghiP 0.03 - 0.004 0.002 ND ND 0.012 0.001
COR 0.39 - 0.62 0.43 1.18 0.56 0.73 0.50
PAHSs 1117 - 1556 1083 2140 1007 1604 1045
BaPy 1.21 - 1.84 1.28 2.23 1.05 1.76 117
N.D. non-detectable -- un-available.



