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Abstract

The size distribution of polycyclic aromatic hydrocarbons (PAHS) in emission of a two-stroke carburetor motorcycle was studied. The
exhaust gas from the test motorcycle was passed to a dilution tunnel and collected using a 10 cascade micro-orifice uniform deposit impactc
(MOUDI) of 0.056—10.m aerodynamic diameter fitted with aluminum substrates. All MOUDI substrates were analyzed for particulate mass
and for PAHs by GC/MS. Most of the 21 analyzed PAHs have two significant modes that pe@Klaind 0.18-0.32m. For some PAHS,

a third peak appears around L. MOUDI impactor samples show that 88.9% particulate and 89.6% PAH mass distributed smaller than
2.5pm. Mass median diameters of PAHs are aboupOrR Total benzad]pyrene toxic equivalency emission factor was 4403.8 ng/km for

the test motorcycle. An average of 90.3% of carcinogenicity is observed in particulate smaller tham Tl results suggest that submicron
particulates predominate in the exhaust from motorcycle and exhibit high carcinogenic potency for these particulate.

© 2005 Elsevier B.V. All rights reserved.
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1. Introduction by mucaociliary action. Thus, it is important to analyze partic-
ulate size distributions when assessing the possible influence
Polycyclic aromatic hydrocarbons (PAHSs) are products of of PAH on human health.
incomplete combustion, and in urban and industrial atmo-  Motor vehicles are proved to be a significant source of
sphere, are almost entirely anthropogenic in origin. Most PAH emissior{5,6]. Particulate emissions from motor vehi-
carcinogenic PAHs have been found to associate with par-cles are among the major contributors to fine particle concen-
ticulate, predominately with fine particuldtd. Some PAHs trations in urban atmosphefg-9]. Furthermore, particulate
are strong carcinogens and can cause pulmonary inflammaPAHs measured in roadway tunnels and in dynamometer
tion and allergic asthma in human airway c§ls3]. A study measurements have been found in the respirable size range. In
of the bioactivity of particulate matter both in vivo and in order to assess health risk, it is necessary to specify both the
vitro indicates that the size of particulate may play a role in size distribution and the chemical composition of particulate
the effect on pulmonary inflammation and allergic astliha emissions as they occur at their source. Size distributions
Particulates in the low-micrometer range traverse deep intoof PAHs emitted from diesel and gasoline vehicles have
lungs and inflict more death damage than that of larger par- been studied based on samples collected in roadway tunnels
ticles that are arrested in the upper respiratory tract removed[10,11] and using a dynamometer facilif9,12]. All these
studies utilized a cascade impactor as sampling device. To
mpon ding author. Tel.: +886 4 23323000x4451: o_ur kn_ow_ledge, there_a_re no datf_a o_n the particulate and PAH
fax: +886 4 23742365. size distribution pertaining to emissions from motorcycles in
E-mail addresshhyang@mail.cyut.edu.tw (H.-H. Yang). current literature.
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In many countries, the motorcycle is one of the important
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the test motorcycle was passed to the dilution tunnel. The

transportation modes. In Taiwan, for example, there are oversample stream was diluted by air that had passed through a

12 million motorcycles, which account for 67% of all motor

vehicles. The health risk from motorcycle in these coun-
tries would be high. PAHSs, including the 16 USEPA priority

PAHSs plus cyclopentaf]pyrene, perylene, benzgpyrene,

HEPA filter, desiccant and activated carbon beds. The dilu-
tion ratio is approximately 30. After dilution, the temperature
of the exhaust gas was approximately 25230The dilution
sampler flow supplied two sampling trains. One of which

benzop]chrysene and coronene were selected as the targe{train 1) was connected to sampling bags for the analysis of

compounds in this study for their carcinogenicity. In this

regulated air pollutants (CO, Nand CGQ. Sampling train 2

study, the 21 PAHSs in particulate were size-segregated fromsupplied the particulate and PAH sampling. A MOUDI was

0.056 to 1Qum with a micro-orifice uniform depositimpactor
(MOUDI) for the test motorcycle. The potential human health
risk associated with inhalation of carcinogenic PAHs was

connected to sampling train 2 to size-segregate particulate
and PAH samples.
The European driving cycle (ECE) is the legistive cycle

assessed by considering the appropriate toxic equivalencyused for automotive emission certification in Taiwan (CNS

factors (TEFs) for the analyzed PAHSs.

2. Materials and methods
2.1. Motorcycle and testing

The motorcycle tested in this study for the investigation of
PAH emission is a two-stroke carburetor motorcycle, which
is one of the most popular motorcycle type in Taiwan. It has
one cylinder and bore and stroke 40 mm39 mm, with a total
displacement of 50 mL, maximum power 3.5 kW/7000 rpm
and maximum torque 5.0 N m/6500 rpm. This motorcycleis a
company-owned vehicle, which is normally used as QA/QC

11386). One complete test cycle (780 s) includes idle (240 s),
acceleration (168 s), cruising (228 s) and deceleration (144 s),
and four different cruising speeds (15, 32, 35 and 50 km/h) are
applied in the test. To enhance the PAH analytical sensitiv-
ity, 10 continuous ECE cycles (130 min) were conducted for
MOUDI sampling. Three successful samples were collected
for this study.

2.2. MOUDI

Particulate matter and PAH mass size distributions were
measured with a MOUDI (MSP Co., Model 110). The
MOUDI is a 10-stage cascade impactor with a flow rate of
30 L/min. Available particle cut-size diameters of MOUDI

vehicle in routine emission test. The accumulated mileage of are 0.056, 0.10, 0.18, 0.32,0.56, 1.0, 1.8, 3.2, 5.6 anchi0

the test motorcycle is 15,000 km. The commercial fuel from

Aluminum foils were used as collection media. Before test,

the Chinese Petroleum Company, which was the most widely the MOUDI was disassembled and cleaned by rinsing with
used unleaded gasoline in Taiwan, was used as the test fueldeionized water and-hexane. A small amount of silicone-

The properties of the fuel were listedTable 1

based lubricant then is applied to the O-ring in order to

The test motorcycle was driven on a Schenck GS-530 properly assemble and operate the instrument. The cascade
GS 30 chassis dynamometer, which was located in a cer-impactors have been adopted for PAH sampling for vehicle

tified laboratory owned by the motorcycle manufacturer.

exhaust emission from dynamometfdsl0,12,13]

The dynamometer system comprised a fan, a dynamometer,

a dilution tunnel (length is 3m), a constant-volume sam-
pler unit (HORIBA, CVS-51S), a gas analyzer (HORIBA,
MEXA-8320) and a personal computer. The exhaust from

Table 1
Properties of the test fuel

Fuel parameter Value Analytical method
Density (g/mL) at 15C 0.766 ASTM D5002
Octane number 93 ASTM D2699
RVP (kPa) 497 ASTM D5191
Distillation ASTM D86
10 vol% (C) 592
50 vol% (C) 1022
90 vol% (C) 1683
FBP (C) 2047
Residue (vol%) b
Sulfur content (ppm wt) 86 ASTM D5453
Aromatics (vol%) 387 ASTM D4420
Benzene (vol%) a8
MTBE 7.75 ASTM D5599
Total O (wt%) 14 ASTM D5599

2.3. PAH analysis

After the sampling the aluminum foils were brought to the
laboratory and put in a desiccator for 8 h to remove mois-
ture. They were weighed by a balance (Sartorius, Model
CP225D) to determine the net mass of particulates col-
lected. After final weighing, each PAH-containing sample
was Soxhlet extracted with a mixed solvamtiexane 125 mL
and dichloromethane 125mL) for 24h. The extract was
then concentrated by purging with ultra-pure nitrogen to
2mL for the cleanup procedure. The cleanup procedure
was to remove pollutants, which would coelute with PAHs
from the GC column. The cleanup column was filled with
glass wool in the bottom (i.& 1 cm). Seventeen grams of
6% deactivated silica gel was mixed with 60 mthexane,
loaded into the cleanup column which was then topped with
1.5cm of anhydrous sodium sulfate. Next, 60 mL of hex-
ane was added to wash the sodium sulfate and the silica
gel. Right before the sodium sulfate layer was exposed to
the air, the elution of hexane was stopped and the eluent
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was discarded. The concentrated sample was then transferred 5
onto the column, the wall of vessel was rinsed twice with L
2mL hexane, which was also added to the column. Next, 120 1
200mL of 6% ethylether in hexane was added to the col-
umn and allowed to flow through the column at a rate of
3-5mL/min, and the eluent was collected. The collected elu-
ent from the cleanup procedure was reconcentrated to 0.5 mL
with ultra-pure nitrogen. The concentrations of the following 30
PAHs were determined: naphthalene (Nap), acenaphthylene
(AcPy), acenaphthene (Acp), fluorene (Flu), phenanthrene 01 i 10
(PA), anthracene (Ant), fluoranthene (FL), pyrene (Pyr), Aerodynamic diameter (um)
cyclopentagdlpyrene (CYC), ben#]anthracene (BaA),
chrysene (CHR), benzoffluoranthene (BbF), benzkfl- Fig. 1. Size distribution of particulate matter measured with a MOUDI.
uoranthene (BKF), benzglpyrene (BeP), benze]pyrene
(BaP), perylene (PER), indeno[l,%8pyrene (IND), In this study, it was found that particulates amass in the
dibenzp,h]-anthracene (DBA), benzbfchrysene (BbC), 0.1-0.56u.m diameter range. These particles are carbona-
benzofhilperylene (BghiP) and coronene (COR). ceous agglomerates loaded with adsorbed matters. The sec-
A gas chromatograph (GC) (Agilent 6890) with a mass ond peak of the mass distribution occurs at 0.056p0n1
selective detector (MS) (Agilent 5973N) and a computer Which is recognized as nuclei or ultra-fine mddé]. The
workstation was used for the PAH ana|ysis_ This GC/MS was partiCIeS in this mode are formed dUring exhaust dilution and
equipped with an Agilent capillary column (Agilent Ultra  cooling, and may also include solid carbdi6]. While par-
2-50 mx 0.32mmx 0.17pm), an Agilent 7673A automatic  ticles in micrometer size may be innocuous, in ultra-fine and
sampler, injection volume LL, splitless injection at 316C, nanosize particles are considered health hazarfia{sIn
ion source temperature at 310, oven from 50 to 100C view of the adverse health effects, the reduction of ultra-fine
at 20°C/min; from 100 to 290C at 3°C/min and hold at particles emitted from motorcycles is urgent. A less-definite
290°C for 40 min. The masses of primary and secondary mode (coarse mode) between 1.8 anq.t0diameter range
ions of PAHs were determined by using the scan mode for was found in this Study. It is pOSSible that this mode con-
pure PAH standards (Merck). Quantitation of PAHs was per- Sists of particles that have deposited on cylinder and exhaust
formed by using the selected ion monitoring mode. The System surfaces and later reentraifie@]. Previous studies
detection limit of the 21 PAHs analyzed are as follows: by other researchers on emissions from diesel and gasoline
Nap (0.74u9/mL), AcPy (0.43ug/mL), Acp (0.32ug/mL), vehicles have shown that the particle size distributions are
Flu (0.12p.g/mL), PA (0.06ug/mL), Ant (0.09.g/mL), FL bimodal[11,12]or trimodal[16]. This study shows that the
(0.19u.g/mL), Pyr (0.57g/mL), CYC (0.051g/mL), BaA particle size distribution of motorcycle exhaust is similar to
(0.02pg/mL), CHR (0.09ug/mL), BbF (0.14ug/mL), BKF those of diesel and gasoline vehicles.
(0.04p.g/mL), BeP (0.041g/mL), BaP (0.0q.g/mL), PER
(0.02pug/mL), IND (0.07pg/mL), DBA (0.15ug/mL), BbC 3.2. Size distribution of PAHs
(0.17pg/mL), BghiP (0.06ug/mL) and COR (0.1j.g/mL).
PAHs analytical procedure is described in detail elsewhere  Twenty-one PAH size distributionsE#dlogd, versusd,,
[14]. E represents emission factor of PAHs) between the MOUDI
stages for the test motorcycle are showirig. 2 Although
five continuous ECE driving was conducted in this study,

3. Results and discussions some PAHSs collected on the MOUDI impactor stages are
below the detection limit of GC/MS, especially for larger
3.1. Size distribution of particulate matter particulates. The results ig. 2are average of the three tests

of the experiment. Low-molecular-weight PAHs (especially
The weights of particulate collected on the 10 stage filters Nap) are dominating in the exhaust gas for all size ranges
of MOUDI were recorded for calculating the mass percent- (Fig. 2). This observation agrees with the result obtained by
age of each stage to total weight. The size distribution of the previous studies on light-duty gasoline vehijd8] and
particulate (ddlogd, versusdp) from the test motorcycle  diesel vehiclgl12]. Itis generally assumed that the aluminum
is shown inFig. L. MOUDI impactor samples show that foil has very low affinity for gaseous organic compounds, and
83.5 and 88.9% of the particulate mass was distributed in thus is not prone to positive sampling artifacts. The result
the sizes smaller than 1 and 2.B1, respectively. The partic-  indicates that the low-molecular-weight PAHs are present in
ulates smaller than 2;om traverse easily through the upper particulate phase in measurable amounts for all stages.
respiratory tract into the bronchioles and alveoli of the lungs, = Most of the 21 PAHs have a major peak (in particu-
and pose a direct health effect. This gives important informa- late) in the 0.18-0.3gm size range Kig. 2. A second
tion related to health hazards of motorcycle exhaust. peak is also apparent in particle size smaller thanuénl
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Fig. 2. Size distribution of 21 individual PAHs measured with a MOUDI.
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harm to human health when associated with submicron
particles.

Mass median diameter (MMD) is the diameter dividing
the total mass into two halves. The geometric standard devi-
ation (og) indicates the variability of PAHs. The MMDs and
ogofthe 21 PAHs analyzed are showrTmble 2 The MMDs
of the 21 PAHSs are between 0.15 and Qu42 and the MMD
of total particulate is 0.1am. It is anticipated that MMD of
organic compounds is smaller than that of the total particu-
late if a condensation mechanism prevails in forming organic
particles. The MMD values of some low-molecular-weight
PAHSs calculated in this study were larger than that of partic-
ulate. This suggests that mechanisms other than condensation
may be dominating these PAH formation.

3.3. Size distribution of BaP equivalent carcinogenicity

The particulates from motorcycles responsible for the car-
cinogenicity are little known. To better parameterize the car-
cinogenicity of the analyzed PAHs of various size ranges,
TEFs are introduced in this study. These TEFs have been
devised as a way of comparing the carcinogenic potency of
the individual PAHs with the carcinogenicity of BaP, and
expressed interms of BaP equivalentemission (@aPhere
are proposals of TEFs for PAHs available currefitl§—20]

In this study, TEFs estimated by Nisbet and LaGI8] were
adopted Table 3, as these have been demonstrated to be a
better reflection of the actual state of knowledge on the toxic

aerodynamic diameter. It is concluded that the major peak potency of each PAH species relative to 42,21}

is caused by the noncombustion process (unburnt fuel or

lubricant) that leads to the formation of PAHs primarily in

BaPR.q emission for each individual PAH was calculated
by multiplying emission factor with corresponding TEF val-

the accumulation mode. The second peak is resulted fromyes. Table 3presents the BaR emission factors and their
the combustion process associated with PAHs that is foundimportance as the percentages of the sum of total emission.

mainly in the nuclei modg11]. A third mode for some
PAHSs occurs around 148m. The bi- and trimodal nature of

the distribution is characteristic of the PAH species. The size ;5 (M) andog of the 21 analyzed PAHs

distribution of aggregated 21 PAHSs is bimodal with modes in

size smaller than 04Am and 0.18-0.3@m (Fig. 3). Of the

mass, 84.2 and 89.6% are attributable to particulates smaller’\'ag
cPy

than 1.0 and 2.pm, respectively, for the test motorcycle.
PAHs will pose stronger toxicity and then do greater
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Fig. 3. Size distribution of sum of 21 PAHs measured with a MOUDI.

Table 2
PAHs MMD og
Q41 567
039 647
Acp 0.39 609
Flu 042 623
PA 0.23 603
Ant 0.20 623
FL 0.21 209
Pyr 017 148
CcYC 0.16 183
BaA 0.15 158
CHR 015 158
BbF 017 241
BkF 0.25 197
BeP 017 240
BaP 015 166
PER 018 268
IND 0.18 344
DBA 0.15 225
BbC 021 159
BghiP Q16 147
COR Q20 130
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Table 3 4. Conclusions
BaPRyq emission factor of the 21 PAHs for the sum of all size ranges
PAH TEFS BaPR.q emission factor (ng/km) BaR (%) In this study, a two-stroke carburetor motorcycle was
Nap Q001 4.40+ 0.11 100 driven on the chassis dynamometer to investigate the size
AcPy 0001 0.23+ 0.01 Q05 distributions of particulate, PAHs and their carcinogenic
Acp 0.001 0.07+ 0.03 Q02 potencies in the exhaust. The analyzed 21 PAHs show bi-
Flu 0.001 0.42+ 0.02 Q01 : . tpig : :
and trimodal size distributions. The major peak occurs in
PA 0.001 1.34+ 0.07 030 .
Ant 0,010 6.254 0.38 142 the 0.18-0.32um size range and the second peak occurs at
FL 0.001 0.98+ 0.04 Q22 the aerodynamic diameter less than Pmi. A third mode
Pyr 0001 2.214 0.04 050 appears for some PAHs that locate aroundplr8 The
cve - - MMDs of the PAHs are between 0.15 and Op4# and the
gaHg 83(1)8 20721 (2)'(132 gg; MMD of total particulate is 0.1g.m. The MMD values of
BbE 0100 21.04 1.04 478 some Iovy—molecular—yveight PAHs were larger tr_]an that of
BKF 0.100 0.59+ 0.52 014 total particulates, which suggest that condensation may not
BeP - - - be the only mechanism for PAH formation.
EaEFI; 1000 303+ 12.5 689 Of the total mass, 84.2 and 89.6% are present in partic-
IND 0.100 48.24 1.00 109 ulates smaller than 1.0 and zu_’n, resp_e_ctwely, for the test
DBA 0100 26.94 2.63 610 moForg:ycIe. To assess the carcm_ogenlmty (_thhg PAHsBaP
BbC - - - emission was calculated by using TEFs in this study. The
BghiP Q010 1.314 0.06 Q30 BaPR.q emission factor was 4468 13.8 ng/km. BaP, IND and
COR - - - DBA are the most important carcinogenic compounds in the
Total - 440+ 13.8 100 exhausts from motorcycles. Based on BaB0.3 and 92.7%
a Nisbet and LaGoy18]. of carcinogenicity are attributable to particulates smaller than
b No TEF has been suggested. 1.0 and 2.5um, respectively. With this apparent dominance

by fine particles and for the fact that fine particles traverse
deepinto respiratory system, itisimperative to control motor-
The total BaR;emission factor was 448 13.8 ng/km for the cycle emission to alleviate the health hazards.
test motorcycle. By using TEFs, the carcinogenic properties
of the individual PAHs can be assessed and compared. From
the carcinogenicity point of view, BaP, IND and DBA are
important compounds in emissions from motorcycles.&gaP
emission for various size ranges (dBgBlogdy versusdy)
is shown inFig. 4. Two distinct peaks are at 0.18-0.32 and
0.056-0.1um, respectively. Based on Bgf90.3 and 92.7%
of carcinogenicity are attributable to particulate smaller than
1.0 and 2.5um, respectively, for the test motorcycle. These
distributions are similar to those of PAH compounds mea-
sured in this study, as shownlfig. 3. These findings suggest
that fine particulates from motorcycle are influential vectors
for carrying various carcinogenic compounds into the human References
body.

Acknowledgements

This research was financially supported by the National
Science Council of the Republic of China under Contract No.
NSC93-2211-E-324-006. The authors would like to thank Dr.
Chih-Tsao Chen and other staffs of Motive Power Industry
who performed the dynamometer tests.

[1] R.N. Westerholm, J. Alran, H. Li, J.U. Rannug, K.E. Egéabk,
K. Gragg, Chemical and biological characterization of particulate-,
semivolatile-, and gas-phase-associated compounds in diluted heavy-
duty diesel exhausts: a comparison of three different semivolatile-
QH 95_:7? phase samplers, Environ. Sci. Technol. 25 (1991) 332-338.
’ [2] International Agency for Research on Cancer (IARC), IARC Mono-
graphs on Evaluation of Polynuclear Aromatic Compounds, Part 1,
Chemical, Environmental, and Experimental Data, IARC Monogr.
Eval. Carcinog. Risk Chem. Humans, 1983.
[3] D. Diaz-Sanchez, The role of diesel exhaust particulates and their
1 associated polyaromatic hydrocarbons in the induction of allergic
airway disease, Allergy 52 (1997) 52-56.
[4] C.A.J. Dick, D.M. Brown, K. Donaldson, V. Stone, The role of
: e i free radicals in the toxic and inflammatory effects of four different
0.1 1 2.5 10 ultrafine particle particle type, Inhal. Toxicol. 15 (2003) 39-52.
Aerodynamic diameter (um) [5] L.H. Lim, R.M. Harrison, S. Harrad, The contribution of traffic
to atmospheric concentrations of polycyclic aromatic hydrocarbons,
g. 4. Size distribution of BaP equivalent carcinogenicity. Environ. Sci. Technol. 33 (1999) 3538-3542.

1000

800+

—

600

4001

dBaP,/dlogd, (ng/km)

200+

Fi



H.-H. Yang et al. / Journal of Hazardous Materials B125 (2005) 154-159 159

[6] R.K. Larsen, J.E. Baker, Source apportionment of polycyclic [13] S.H. Cadle, P. Mulawa, P. Groblicki, C. Laroo, In-use light-duty

aromatic hydrocarbons in the urban atmosphere: a compari- gasoline vehicle particulate matter emission on three driving cycles,
son of three methods, Environ. Sci. Technol. 37 (2003) 1873- Environ. Sci. Technol. 35 (2001) 26-32.
1881. [14] H.H. Yang, L.T. Hsieh, H.C. Liu, H.H. Mi, Polycyclic aromatic
[7] 3.J. Schauer, W.F. Rogge, L.M. Hildemann, M.A. Mazurek, hydrocarbon emissions from motorcycles, Atmos. Environ. 39 (2005)
G.R. Cass, Source apportionment of airborne particulate matter 17-25.
using organic compounds as tracers, Atmos. Environ. 30 (1996) [15] S.K. Friedlander, Smoke, Dust and Haze. Fundamentals of Aerosol
3837-3855. Dynamics, Oxford University Press, New York, 2000.
[8] M.J. Kleeman, G.R. Cass, Source contributions to the size and [16] D.B. Kittelson, Engines and nanoparticles: a review, J. Aerosol Sci.
composition distribution of urban particulate air pollution, Atmos. 29 (1998) 575-588.
Environ. 32 (1998) 2803-2816. [17] A. Seaton, W. MacNee, K. Donaldson, D. Godden, Particulate air
[9] M.J. Kleeman, J.J. Schauer, G.R. Cass, Size and compo- pollution and acute health effects, Lancet 345 (1995) 176-178.
sition distribution of fine particulate matter emitted from [18] C. Nisbet, P. LaGoy, Toxic equivalency factors (TEFs) for polycyclic
motor vehicles, Environ. Sci. Technol. 34 (2000) 1132- aromatic hydrocarbons (PAHs), Regul. Toxicol. Pharm. 16 (1992)
1142. 290-300.

[10] C. Venkataraman, J.M. Lyons, S.K. Friedlander, Size distributions [19] F. Kalberlah, N. Frijus-Plessen, M. Hassauer, Toxicological Criteria
of polycyclic aromatic hydrocarbons and elemental carbon: 1. Sam- for the Risk Assessment of Polyaromatic Hydrocarbons (PAHS) in
pling, measurement methods, and source characterization, Environ. Existing Chemicals. Part 1: The Use of Equivalent Factors, Altlasten-
Sci. Technol. 28 (1994) 555-562. Spektrum, vol. 5, 1995.

[11] A.H. Miguel, T.W. Kirchstetter, R.A. Harley, S.V. Hering, On-road  [20] P. McClure, R. Schoeny, Evaluation of a component based relative
emissions of particulate polycyclic aromatic hydrocarbons and black potency approach to cancer risk assessment for exposure to PAH,
carbon from gasoline and diesel vehicles, Environ. Sci. Technol. 32 in: Paper Presented at Fifteen International Symposium on Poly-
(1998) 450-455. cyclic Aromatic Compounds: Chemistry, Biology and Environmental

[12] B. Zielinska, J. Sagerbiel, W.P. Arnott, C.F. Roggers, K.E. Kelly, Impact, Belgirate, Italy, 1995, p. 161.

D.A. Wagner, J.S. Lighty, A.F. Sarofim, G. Palmer, Phase and size [21] G.C. Fang, K.F. Chang, C. Lu, H. Bai, Estimation of PAHs dry
distribution of polycyclic aromatic hydrocarbons in diesel and gaso- deposition and BaP toxic equivalency factors (TEFs) study at Urban,
line vehicle emissions, Environ. Sci. Technol. 38 (2004) 2557— Industry Park and rural sampling sites in central Taiwan, Taichung,

2567. Chemosphere 55 (2004) 787—-796.



	Particle size distribution of polycyclic aromatic hydrocarbons in motorcycle exhaust emissions
	Introduction
	Materials and methods
	Motorcycle and testing
	MOUDI
	PAH analysis

	Results and discussions
	Size distribution of particulate matter
	Size distribution of PAHs
	Size distribution of BaP equivalent carcinogenicity

	Conclusions
	Acknowledgements
	References


