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Abstract

Polycyclic aromatic hydrocarbons (PAHS)
emission tests for a gasoline-powered engine fueled
with blend 98-leadfree base gasoline (98-LFBG) by
adding batch fractions of MTBE additives, were
simulated to 4 steady-state modes and operated on a
dynamometer with fully automatic control system.
The concentrations of 21 individual PAHs in the
engine exhaust, gasoline were determined and
analyzed by a GC/MS. This investigation showed
that the base gasoline adding more MTBE would
emit fewer amounts of PAHs from the tailpipe of
engine exhaust. For this depletion process of PAH in
gasoline-powered engine, it is suggested that before
another additives was replaced the oxygenated
content like MTBE in commercidized leadfree
gasoline, an assessment on its PAH emission should
be evaluated to make sure that the new additive will
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not emit more PAHs and cause high risk on public
health.

Keyword: MTBE, 98-Leadfree Gasoline, Polycyclic
Aromatic Hydrocarbons (PAHS)
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Mitsubishi 322 6.76 PAHs
SOHC-16V 1597 c.c.
115hp@6000rpm 10:1 2. PAHs
150 hp 1000 1500  98-LFBG PAHs
rom 2200 rpm 3000 rpm 2 98-LFBG
0 20 30 40% PAHs 620 ng/m’ 95
40 80 110 kmvhr (314 ng/m?)[5]  1.97
4. (3] 92 (129 ng/m®)
98-LFBG  98-LFBG 10% 481 Nap
(volume) MTBE 582 mym® 93.7%
9000SH (API=SH AcPy  Ant 14.2 13.0
10W/40) nmy/m® PAHs
1.51 nym® 80
km/hr( 2200rpm) PAHs
677 nym® 110 kmv/hr( 3000
rpm) PAHs
1 PAHS 519 ny/m® 40 km/hr
98 PAHS PAHs 652 g/’
46.5~48.9 mg/L 47.7 PAHS 110
mgL( 1 ) 21 PAH knvhr PAHSs
PAHS 236 g’ BbF
o NZSHS BaP DBA 0.03 ny/n®
47.7 mg/L PAHs 98.8% gl TPE] SBLFBG )
Flu 0.14 mglL PAHS 3 10%
PAHS 04mglL MTBE 98-LFBG Total PAHs
' 451 my/m® |
1 98-LFBG PAHSs (n=3) Nap 429mg/m° PAHs
98-LFBG 95.2% Ant  AcPy
PAHSs RSD 873 6.72 nym®
(mg/L) (mg/L) (%) PAHs 1.14 my/m®
Nap 46.5~48.9 47.7 171 80 kmvhr( 2200rpm)
Ao T omon T oz T o ZaLi® 512 g/
C| .11~0. 5 .
Flu 0.02-0.21 0.14 57.8 110kmvhr(- 3000 rpmy , PAHS
Ant 0.11~0.12 0.12 5.48 400 ny/m 40 km/hr
PA 0.003~0.08 0.05 61.6 PAHs 463
FL 0.004~0.01 0.01 3.68 mym® 80 kmvhr
Pyr 0.004~0.02 0.01 66.9 PAHs
cYC ND~0.02 0.01 65.7 110knvhr PAHS
BaA ND~0.001 0.002 133 3
CHR 0.001-0.02 0.001 28.8 1.37ng/m 5
BOF ND~0.001 0.001 325 BbF BaP  DBA 0.02 ng/m
BKF ND 0.000 NA
BeP 0.005~0.01 0.01 33.1 3.MTBE 98-LFBG A/N Ratio
BaP ND~0.002 0.001 66.7 10% MTBE 98-LFBG
PER 0.001~0.002 0.001 23.7 98-LFBG PAHs
IND 0.001~0.001 0.001 29.0 1 A/N Ratio MTBE
oes | Nooon T goo0 [
B . .
BghiP | 0.0002~0.0004 |  0.0003 185 98-LFBG PAH
COR ND~0.004 0.001 133 MTBE 98-LFBG
PAHs 46.8-49.6 48.3 1.96 Total PAHs
HM-PAHs 0.01~0.05 0.04 235 0.73 Nap 0.74
BbF+BaP+DBA| 0.001~0.002 0.002 10.7 PAHs
:N.D. non-detectable. 0.76 BbF+BaP+DBA
BbF+BaP+DBA 0.002 mg/L 0.77 MTBE
95 92 PAHs PAHs MTBE
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92-LFG 481 5.Mi,H. H., Lee, W. J,, Wu, T. L., Lin, T. C., Wang,
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2 98-LFBG PAHs (n=3)
Idling 1500 rpm 2200 rpm 3000 rpm
PAHS (0 km/hr) (40 km/hr) (80 km/hr) (110 km/hr)
3 3 3 3 3 3 3 3 (my/m®)
(ny/m) (ny/'m) (ny/m) (ny/m) (ny/m) (ny/m) (ny/m) (ny/m)
Nap 537~663 598 508~704 626 540~687 636 301~631 470 582
AcPy 7.48~11.2 9.14 2.41~15.7 9.09 14.6~19.8 17.9 10.6~22.1 15.9 13.0
Acp 1.77~2.55 2.21 2.60~4.91 341 2.77~4.06 3.19 2.32~3.38 2.94 2.94
Flu 0.31~4.25 2.56 0.53~8.64 3.18 0.35~4.36 2.67 0.51~5.84 3.05 2.86
Ant 12.6~20.1 16.1 4.17~10.1 7.69 6.92~16.8 12.7 8.64~37.4 20.2 14.2
PA 2.95~4.11 344 0.71~1.94 1.46 1.39~3.37 2.63 1.84~7.56 4.15 2.92
FL 0.33~0.92 0.55 0.17~1.01 0.51 0.15~0.33 0.26 0.21~0.59 0.36 0.42
Pyr 0.34~0.85 0.53 0.08~0.16 0.12 0.10~0.39 0.28 0.23~0.62 0.38 0.33
CYC 0.004~0.14 | 0.05 ND~0.005 | 0003 [ ND~0.005 | 0.002 [ 0.001~0.02 [ 0.007 0.02
BaA 0.001~0.01 | 002 | 0.001~0002 | 0001 | ND-0.004 | 0002 | 0.001~0.02 [ 0.008 0.01
CHR ND~0.001 | 0001 | ND~0.001 | 0001 | ND~0.001 | 0.003 ND~0.001 | 0.001 [ 0.001
BbF 0.004~0.03 | 0.01 | 0.004~0.005 | 0.004 ND~0.01 0.004 | 0.001~0.03 0.01 0.01
BKF ND~0.02 0.006 | ND~0.005 | 0.002 ND~0.01 0.002 ND~0.01 0.004 | 0.004
BeP 0.01~0.05 0.03 ND~0.03 0.01 ND~0.02 0.01 0.03~0.06 0.04 0.03
BaP ND~0.001 ND ND~0.001 ND ND~0.001 ND ND~0.001 ND 0.00
PER 0.001~0.02 | 0.01 ND ND ND~0.003 | 0.002 [ 0.004~0.03 [ 0.003 [ 0.003
IND 0.01~0.11 0.07 ND~0.29 0.10 ND~1.09 0.49 0.02~0.76 0.32 0.24
DBA 0.004~0.08 | 0.03 ND~0.11 0.06 ND ND ND~0.02 0.01 0.02
BbC 0.58~1.40 1.04 ND~0.99 0.56 0.07~1.08 0.61 1.02~2.44 1.67 0.97
BghiP 0.01~0.05 0.03 ND~0.01 0.003 ND~0.07 0.05 0.01~0.07 0.02 0.03
COR ND~0.17 0.09 0.16~0.49 0.26 0.08~0.27 0.15 0.15~0.37 0.27 0.19
PAHs 576~693 634 531~728 652 584~725 677 337~670 519 620
HM-PAHs 0.73~1.85 | 1372 0.62~1.20 1.00 0.76~1.66 1.32 1.42~3.65 2.365 151
BbF+BaP+DBA|  0.01~0.10 | 0.040 0.04~0.11 [ o0.062 ND~0.01 0.004 0.01~0.03 | 0.020 0.03
:N.D. non-detectable.



3 10% 98-LFBG PAHs (n=3)
Idling 1500 rpm 2200 rpm 3000 rpm
PAHS (0 ki) (40 kn/hr) (80 knvhr) (110 km/hr)
g | gmd)| g | cwmd)| e | cwmd)| g | ooy | OV
Nap 390~446 411 386-669 449 373~670 487 162~523 369 429
AcPy 3.37~4.69 4.20 3.36~4.68 3.97 6.49~13.2 9.53 7.72~11.9 9.17 6.72
Acp 0.78~0.91 0.86 0.57~0.92 0.79 1.14~2.01 1.47 1.17~2.13 1.57 1.17
Flu 1.30~1.92 1.30 0.18~1.10 0.73 1.81~-2.34 2.00 2.45~2.87 2.66 1.68
Ant 7.99~10.3 7.99 4.02~6.27 5.42 6.28~10.5 8.88 10.4~16.8 12.64 8.73
PA 1.18~2.42 1.77 0.46~1.34 0.89 1.38~2.42 2.04 2.44~3.92 2.90 1.90
FL 0.10~0.23 0.17 0.09~0.17 0.12 0.19~0.23 0.21 0.22~0.35 0.27 0.19
Pyr 0.05~0.17 0.10 0.04~0.19 0.12 0.20~0.24 0.21 0.21~-0.34 0.29 0.18
CYC ND~0.001 ND 0.004~0.03 0.01 ND ND ND~0.009 0.004 0.004
BaA ND~0.001 0.001 0.002~0.01 0.01 ND~0.001 0.001 0.001~0.007 0.004 0.003
CHR ND~0.001 ND ND ND ND ND ND~0.007 0.003 0.001
BbF ND~0.004 0.002 0.002~0.003 0.002 0.001~0.003 0.002 0.001~0.007 0.004 0.003
BKF ND~0.003 0.001 ND~0.001 ND ND ND ND~0.001 ND 0.001
BeP 0.004~0.01 0.01 0.002~0.004 0.003 ND~0.009 0.004 0.008~0.02 0.01 0.008
BaP ND ND ND~0.001 ND ND ND ND~0.001 ND 0.000
PER ND ND ND ND ND~0.041 0.01 ND ND 0.004
IND ND-~0.213 0.07 0.001~0.22 0.07 ND~0.11 0.04 ND ND 0.05
DBA ND~0.005 0.01 0.006~0.08 0.04 ND~0.02 0.03 ND~0.03 0.01 0.02
BbC 0.05~0.76 0.61 0.44~1.23 0.93 0.26~1.85 0.86 0.99~1.41 1.20 0.90
BghiP ND ND ND~0.001 ND ND ND ND~0.001 0.001 0.00
COR 0.06~0.22 0.11 0.07~0.12 0.19 0.23~0.04 0.19 0.23~0.07 0.14 0.16
PAHs 403~465 428 401~541 463 397~692 512 189~557 400 451
HM-PAHs 0.67~0.93 0.82 0.83~1.53 1.25 0.33~2.15 1.13 1.08~1.75 1.37 1.14
BbF+BaP+DBA ND~0.02 0.008 0.009~0.09 0.04 0.03~0.08 0.04 0.008~0.03 0.02 0.02
:N.D. non-detectable.
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