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Abstract
(Study on the Potential Carcinogenicity and It's
Mechanism of Diesel Exhaust Particles
with Various Diameters)

With the rapid development of economy in our country,traffic prob-
lems in cities become more and more serious, especially in some large
cities such as Shanghai. The government has attached a great atten-
tion to public traffic. So there is an increasing demand for diesel
heavy — duty passenger cars in our city. Recently,some people are of
opinion that the public traffic vehicles should be dieselized.

Compared with the gasoline engine, the diesel engine is noted for its
high power,economic fuel use and low emission of CO and HC. But
it emits 20 to 100 times more particles than do gasoline engines and
the small size of particles makes themselves readily respirable. It is
reported in literature that a lot of harmful substances are adsorbed by
the diesel exhaust particles in the process of combustion, including
some PAHs whose carcinogenicity has been proved. So, in general
the toxicity of diesel exhaust was regarded mainly in the particles
phase. Today, the majority of diesel engines installed catalyst to re-
duce the emission of particles. But this kind of installation mainly
trapped big particles at the filter. Most of smaller size particles can
pass through the filter. In order to study the size distribution of dif-
ferent diameter of diesel exhaust particles and the carcinogenicity of
these particles, we used the fractionated sampling methods to detect
the size distribution of particles and the GC/MS methods to analyze
the organic component of diesel exhaust particles(DEPs). A series

of short — term system tests and some related oncogene expression
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tests were used to detect the potential carcinogenicity and its mecha-

nism of diesel exhaust particles.

Study on the Size Distribution and Chemical Character of Diesel

Exhaust Particles

1. The size distribution of DEPs

Diesel exhaust particles in various diameters were collected by high
volume air sampler with DFG — 1 fractionated sampler. The parti-
cles were classified in 5 grades (< 1.1lpm,1.1~2. Opm,2.0~
3.3um,3.3~7.0pum, >7.0pum). Results showed that the majority
ol DEPs were less than 3. 3um in diameter. The proportion by
weight of this fraction was more than 70% . Both the diameter of
particles and the amount of particles are important factors in the role
of their health effect. The proportion by weight of respirable parti-
cles was very high in DEPs (more than 70% ). Usually, respirable
particles were defined as those with diameters less than 5. Opm.
Howerer, those with diameters less than 3.3um were regarded as re-
spirable particles because there was no cut — off at 5. Opm in our
study. This kind of particles can be inhaled easily. The component
analysis of DEPs showed that the smaller size particles adsorbed
more PAHs and other organic substances. So this fraction of parti-
cles could do serious harm.

2. The chemical analysis of DEPs

To qualitatively and quantitatively detect the components of the or-
ganic extracts of DEPs, 2 samples were analyzed using Hewlett —
Packard Model 5890 [l gas chromatograph/Hewlett — Packard Mod-
el 5972 mass spectrometer (GC/MS) with an autoinjector. The re-
sults of component analysis demonstrated that more than 100 compo-

nents were identified, including alkanes, acids, alcohols, aldehydes,
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ketones, alkenes, alkynes, amides, phenols, ethers, esters, heterocyclic
compounds, and polyeyclic aromatic hydrocarbons (PAHs) such as
fluorenes, fluoranthenes, pyrenes, naphthalene, phenanthrene, an-
thracenes. We also found the kinds of organic substances increased
as the diameter of particles decreased. In particles with diameters
less than 1. 1pm 95 kinds of organic substances were found , while
46 kinds of organic substances were found in particles with diameters
in the range of 1.1~2.0pum. The kinds of PAHs decreased as the
diameter of particles increased. But the kinds of PAHs were also
high in the particles bigger than 7. 0um. These results were similar
to the report of component analysis in Beijing and Xuanwei total sus-
pended particles. Most of PAHs have been proved with strong muta-
genicity. Based on the results of component analysis, we did further

study on the toxicity of different diameter particles.

Study on the Potential Carcinogenicity of Diesel Particles with Var-
ious Diameters by a! series of short — term tests and Animal Inha-
lation Assay

A series of short - term tests were used to study the potential carci-
nogenicity of diesel particles with various diameters. The series of
short — term tests included Ames test, UDS test, micronucleus test
and the in vitro carcinogenicity test — cell transformation test.
These tests can detected the gene mutation, DNA damage and chro-
mosome damage. Results of these tests demonstrated that in all
kinds of various diameters particles those diameters less than 1. Tum
showed the strongest genotoxicity and the genotoxicity decreased as
the particle diameters increased. Those particles bigger than 7. Opm
also showed strong genotoxicity. These results had a good relation-

ship to the results of component analysis.
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Mice were exposed to filtered and unfiltered diesel exhaust for 2,5,8
days, 8 hours/day. Analysis of the micronucleus frequency of mouse
bone marrow cells showed that after the 2 — day exposure the micro-
nucleus frequency of mouse bone marrow cells was increased mark-
edly. In the mice exposed to filtered exhaust, the micronucleus fre-
quency did not show such significant change as in the mice exposed
to unfiltered exhaust but still significantly higher than the control
group. These results suggested that exposure of diesel exhaust could
induce chromosome damage in mice and the smaller particles that are
difficult to be filtered do more damage on chromosome. There was

no difference among the 2,5,8 days exposed groups.

Study on the Mechanism of Carcinogenicity of Diesel Exhaust Par-
ticles

There are some different views on the mechanism of carcinogenicity.
The majority of views based on the theory shows that there is a bal-
ance between cell proliferation and death. If the balance was de-
stroyed, the proliferation could be out of control and the cells could
develop into tumor. There are many factors that can influence the
proliferation of cells, including the change of gap junctional inter
cellular communication, the change of cell cycle and ratio of apopto-
sis, the change of oncogene expression,etc.

Based on the study of potential carcinogenicity of diesel exhaust par-
ticles in part two, scrape — loading and dye transfer techniques were
used to study the effects of DEPs on the gap junctional intercellular
communication (GJIC). Flow cytometric analysis was used to detect
the toxic effects of DEPs on NIH3T3 cell cycle and ratio of apopto-
sis. Immuno histochemical technique and RNA dot hybridization

technique were used to study some related oncogene expression of
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KMB - 13 cells transformed by DEPs.

The results demonstrated that the function of BALB/c 3T3 cell’s
GJIC was obviously inhibited after being treated by 10ug/ml DEPs
for 12 hours. Moreover, the GJIC of those KMB — 13 cells that
transformed by DEPs was also be inhibited. This suggested that the
inhibition of GJIC was one of causes that DEPs induced the transfor-
mation of cells.

The flow cytometry was used to analyze changes of NIH 3T3 cell
cycle after exposure to different concentrations DEPs for 24 h. We
found the cell cycle changed markedly. There were significant dif-
ferences of the cell cycle distribution between the DEPs — treated and
untreated cells. Cells in total S phase in treated group were signifi-
cantly less than those in the control group. The G, + M phase popu-
lation increased markedly in the DEPs — treated cells. The results
suggested that DEPs could promote cell from S phase to M phase.
The DEPs ~ treated cells were recultured in fresh medium on day 0,
2 and 4 after exposure to DEPs 24 h. We found the roles of promo-
tion could last 2 days and the cell cycle recovered on the fourth day.
This suggested that DEPs had strong roles to make cell prolifera-
tion.

The flow cytometry was used to analyze the ratio of apoptosis of
DEPs — treated NIH3T3 cells. The spontaneous ratio of apoptosis in
NIH3T3 was low (1.48% ). A kind of chemical therapy drug (HT)
was used to induce the apoptosis of cells. After the cells were treated
for 24 h, the ratio of apoptosis was increased to 6.38% . When the
cells were treated with 4 pg/ml DEPs simultaneously, the ratio of ap-
optosis was just increased to 2.28% . After being treated with HT
for 24 h, the cells were recultured in fresh medium for another 24 h.

The ratio of apoptosis was 6.09% . When they were recultured in



