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Abstract

Organic extracts of diesel- exhaust particulates were analyzed for mutagenicity using
Ames Salmonella typhimurium assay system.

An experimental diesel microbus used was drived on the chassis dynamometer accord-
ing to CVS-75 mode. The samples were taken from the mixed gases in a dilution tunnel
With a high- volume air sampler equipped with double filter holders, particulate matters
were collected on a teflon- coated glass fiber filter placed behind a activated carbon filter.

After ultrasonic extraction with benzene-ethanol and evaporation to dryness, the
residue was dissolved in dimethylsulfoxide. Each sample was tested toward 2 strains,
TA100 and TA98 by the pre- incubation method in the absence and presence of S-9mix.

Average concentration of diesel-exhaust particulates was about 116.6mg/m? and 44.1
~62.2% to the total weight of particulates, consisted of organic matters. :

The mutagenicities of diesel-exhaust particulate organic matters were 4,512 and 2,205
revertants/m® toward TA100 without and with S-9mix, respectively. Those toward

TA98 were 13,367 and 3,715 revertants/m?, respectively.

1. INTRODUCTION

Of increasing concern is the possibility that
chemicals released in the environment may be a
significant cause of cancer in man(Doll, 1977;
Tomatis et al., 1978). Thus, the search for, and
identification of, carcinogenic compounds in ambi-
ent air is particularly important, as air pollutants
have been implicated in the rising rate of incidence
of human lung cancer in urban areas( Heath, 1978;
Pitts et al.,, 1977). Because animal studies required
to test various known or suspected carcinogens are
complex, time- consuming and expensive, thus ex-
periments directed to elucidating the potential
carcinogenicity of air pollutants have been relative-
1y limited.

However, a simpler and more sensitive test
system for determining the mutagenicity of well-
known carcinogens has been recently developed by

Ames et al.(1975a) and it was clear that there is a
close relationship between mutagenicity and
carcinogenicity( McCann et al, 1975 ; Sugimura et
al,, 1976). The mutagenicity of many kinds of pure
chemicals and complex mixture, such as urine
(Durston et al,, 1974 ; Yamasaki et al, 1977), cig-
arette smoke condensates(Kier et al, 1974), hair
dyes( Ames et al, 1975b; Yoo and Kuroda, 1988),
foods or amino acid pyrolysates (Commonor et al,,
1978 ; Matsumoto et al, 1977 ; Nagao et al, 1977
; Sugimura et al, 1977 ; Uyeta et al, 1978 ;
Yoo, 1985) and airborne particulate organic pollu-
tants( Yoo and Kuroda, 1986 ; Yoo, 1987 ; Kuroda
and Yoo, 1991 ; Yoo et al, 1991) was studied
using Ames mutagenicity test method.

According to the previous report{ Yoo et al,
1992), the mutagenicity of organic matters extract-
ed from airborne particulates collected in the Seoul
area was relatively strong. Although the exact
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sources of mutagens in the urban area like Seoul
were not known, it is possible to imagine some. Of
the numerous sources, automobile- exhaust emis-
sion might be the greatest. The aim of the study
presented here was to assess the mutagenicity in
organic extracts of a diesel engine- emitted particu-
lates.

2. MATERIALS AND METHODS

2.1 Collection of diesel- exhaust particulates
An experimental diesel microbus(2522cc, 8872km

S

l

- drived) used was drived on the chassis dynamom-
eter(DC-80, 40HP) according to CVS-75 mode
(Fig. 1). Exhaust gases were mixed with clean air
in a dilution tunnel. With a high- volume air sam-
pler equipped with double filter holders, particulate
matters were collected on a teflon-coated glass
fiber( Advantec, PG-60) placed behind a activated
carbon filter( Toho, 350~400m/g) in order to
avoid a formation of artifacts, new reaction prod-
ucts such as nitro- substituted aromatic hydrocar-
bons during the sampling process.

High- volume sampler with .
a double- filter holder, il
Top : a activated carbon filter VAV
Bottom : a teflon- coated

\_J glass fiber filter @

"

)
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1. Filter trap 2. Dilution tunnel 3. HC. analyzer
4. Particulates sampler 5. Heat exchanger 6. Diesel CVS
7. Gas sample bag 8. Blower 9. 10. 12. Printer
11. Analyzer computer 13. X-Y plotter 14. Analyzer for CO, CO;, NOx
15. System computer 16. Cooling fan 17. Driver’s aid
18. Chassis dynamomter 19. High- volume air sampler 20. Experimental car

Fig. 1. Scheme of the sampling system

2.2 Extraction of organic matters from collect-
ed particulates

The organic components were extracted by
ultrasonication ( 28kHz, 15min){ Goto, et al., 1982)
with benzene- ethanol(4:1, v/v) (Goto, et al,
1981 ). The organic extracts were filtered and evap
orated to dryness and then dissolved in
dimethylsulfoxide. Each sample was stored at -20

C until mutagenicity test.

2.3 Mutagenicity test

The mutagenicity test of organic extracts were
carried out by the procedure of Ames et al.(1975a)
and pre-incubation(37°C, 20min) method( Yahagi
et al, 1977). Each sample was tested toward 2
strains, Salmonella typhimurium TAl00 and
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TA98 in the absence and presence of S-9mix. S-9
was prepared from rats treated with Aroclor 1254
(Maron et al, 1983). S-9 was used at 50 yx ¢/
plate. Values of the mutagenicity represented are
the average of duplicate determinations.

3. RESULTS

3.1 Concentrations of gaseous materials in die-
sel-exhausts
The concentrations of CO;, CO, NOx and total

hydrocarbons in diesel- exhaust gas were shown in
Table 1. CO, and CO were measured by non-dis-
persive infrared analysis, and NOx and hydrocarb-
ons were measured by chemiluminescence and GC-
FID, respectively. As shown in Table 1, samplings
were carried out twice and samples were collected
at the cold-start and hot- start condition. The con-
centrations of CO, NOx and hydrocarbons had a
range of 0.74~1.27, 0.69~0.80 and 0.17~0.29 g/
m?, respectively. These values do not exceed the
vehicles ~ emission standard values in Korea.

Table 1. Concentrations of gaseous materials in diesel- exhausts

Sampling Driving condition co. o ® NO. Hydrocarbons *
(g/m?) (g/m?) {g/m?) (g/m?)
Cold Initial 23154 1.13 0.73 0.19
1st Stable 229.89 1.27 0.80 0.28
Hot Initial 230.95 0.74 0.69 0.17
Cold Initial 233.34 0.92 0.78 0.18
2nd Stable 220.31 1.13 0.75 0.29
Hot Initial 233.36 1.00 0.77 0.22

Measuring method, ¥ NDIR, ? NDIR, ¥ CLD, ¥ GC-FID

3.2 Concentrations of particulate matters in
diesel-exhausts
Table 2 showes the concentrations of particulate
matters exhausted from a diesel engine. The con-
centration of particulate matters had a range of
108.20~124.93mg/m? and the value at cold- start

condition was higher than that at hot- start condi-
tion. This fact suggests that the efficiency of inter-
nal combustion at cruised driving is higher than
that at idling. Dilution rates were calculated from
13.4/(CO,)+( Hydrocarbons)+( CO).

Table 2. Concentrations of particulates matters in diesel- exhausts

Driving Weight(mg) of Gas Dilution Concentration
Sampling particulates volume of particu-
condition collected (m?3) rate lates(mg/m?3)
1st Cold 176.0 2464 17.49 124.93
Hot 79.3 9.71 14.79 120.79
ond Cold 246.3 3171 14.49 112.55
Hot 140.2 12.75 9.84 108.20

3.3 Concentrations of organic extracts

As shown in Table 3, 44.1~62.2% to the total
weight of particulates, consisted of extractable or-
ganic matters. This rate is about 3-fold higher
than that of airborne particulates reported in the
previous study( Yoo et al,1991). The concentra-
tions of organic matters extracted from diesel- ex-
haust particulates had a range of 49.65~75.11mg/

m3, estimated to unit per cubic meter « exhaust
gas.

3. 4 Mutagenicity of organic extracts

The mutagenicities of organic matters extracted
from diesel- exhaust particulates were 4,512(4,280
~4,930) and 2,205(1,990~2,450) revertants/m® -
exhaust gas toward TA100 strain in the absence
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and presence of S-9mix, respectively( Table 4).
‘Those toward TA98 strain in the absence and pres-
ence of S-9mix were 13,367(11,800~15,640) and

3,715(3,250~4,270) revertants/m® - exhaust gas,
respectively.

Table 3. Concentrations of organic matters extracted from diesel- exhaust particulates

.. Weight(mg) Concentrations of organic extracts
. Driving )
Sampling .. of organic per exhaust per exhaust
condition :

extracts particulates( % ) gas(mg/m?)

1st Cold 78.57 446 55.77

Hot 4931 62.2 75.11

ond Cold 108.65 441 49 .65

n Hot 7271 51.9 56.12

Table 4. Mutagenicity of organic extracts in S. typhimurium TA100 and TA98

Samplin Driving Strain Revertants/m? - exhaust gas*

ping condition without S—9mix with S—9mix

Cold TA100 4,280 2,060

1st TA98 12,820 3,480

Hot TAI100 4,930 2,320

TA98 13,210 4,270

TA100 4,560 1,990

ond Cold TA98 15,640 3,250

n ot TA100 2,280 2,450

TA98 11,800 3,860

% : The numbers of spontaneous revertants per plate, 180( TA100 without S-9mix), 160( TA100 with S-
9mix), 20( TA98 without S-9mix), 25(TA98 with S-9mix) were subtracted and then estimated to per

m? - exhaust gas.
4. DISCUSSION

In the Ames Salmonella reverse- mutation
assay systemn, TA100 and TA98 strains are
respectively available for testing mutagens of base-
pair substitution and frameshift type{ Maron and
Ames, 1983).

Promutagens, indirect- acting mutagens, such as
benzo( a )pyrene as a typical carcinogenic air pollu-
tant, are metabolized by adding S-9mix and then
show the mutagenic activity. However, nitro-sub-
stituted  aromatic  hydrocarbons such as
nitropyrenes, recently recognized air pollutants
{ Yoo, 1989), show directly strong mutagenic/carci-
nogenic activity without metabolisms (Campbell et
al, 1981 ; Rosenkranz and Mermelstein, 1983 ;
Tokiwa et al,, 1984 ; Hirose et al,, 1984).

In this study, the mutagenicity toward TA98
without S-9mix was the highest among those in

the case of other test systems. This fact suggests
that mutagens of frameshift and/or direct-acting
types are major contributors to mutagenicities of
diesel- exhaust particulates.

The nitro- substituted aromatic hydrocarbons
and derivatives might be produced to a large ex-
tent by nitration during the combustion process
and in the exhaust stream. Wang et al(1978) re-
ported that the source of direct- acting mutagens in
particulate matters in city air was automobile- ex-
hausts. Pitts et al.{1978) have suggested a possible
formation of directly mutagenic nitro- derivatives
by the exposure of non- carcinogenic as well as car-
cinogenic polycyclic aromatic hygrocarbons to ni-
trogen dioxide. Actually they have been recently
found in airborne particles(Gibson, 1983) and die-
sel- exhaust particles( Schurtzle, 1983 ; Xu et al,
1982 ; Bechtold et al, 1986). Hisamatsu et al.
(1991) reported that 2-, 4-nitropyrenes and 2-
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nitrofluoranthene were formed by the photochemi-
cal reaction of pyrene and fluoranthene with nitro-
gen dioxide in atmosphere.

The samples of diesel- exhausts used in this ex-
periments were collected on a teflon- coated glass
fiber filter placed behind a activated carbon filter
in order to avoid a formation of artifacts, new re-
action products such as nitro- substituted arenes in
the sampling process.

Although some kinds of air pollutants emitted
from automobiles, such as CO, NOx and
hydrocarbons, are subject to control in Korea, the
mutagenicity of automobile-exhausts that might
produce the air pollution, was not yet surveyed.
‘The emissions of small engines used for the genera-
tion of electric power or farm machinery are not
regulated at all. Small diesel engines emitted ex-
hausts of very high mutagenicity( Ohnishi et al,
1980). To reduce pollution levels, car engines must
have improved emission- cleaning attachments or
be adapted to work at high air/fuel ratios. The
problems are compounded by the continued use of
many high- polluting jalopies, including old diesel~
powered vehicles.

5. CONCLUSION

The mutagenicity of organic extracts of diesel-
exhaust particulates was measured with Ames Sal-
monella typhimurium strain TA100 and TA98 in
the presence and absence of S-9mix.

Average concentration of diesel-exhaust particu-
lates was about 116.6mg/m?® and 44.1~62.2% to
the total weight of particulates, consisted of organ-
ic matters.

The mutagenicities of diesel- exhaust particulate
organic matters were 4,512 and 2,205 revertants/
m?® toward TA1l00 without and with S-9mix,
respectively. Those toward TA98 were 13,367 and
3,715 revertants/m?®, respectively.

The mutagenicities toward TA98 and in the
absence of S-9mix, has higher value than those to-
ward TA100 and in the presence of S-9mix, which
suggests mutagenic materials of frameshift and/or
direct-acting type such as nitro- substituted
aromatic hydrocarbons( nitro- PAHs) are major
contributors to mutagenicities of diesel emission

particulates.
ACKNOWLEDGMENT

This study was supported by a Grant-In- Aid
for Environmental Science Research from ES.R.A..
‘The author is grateful to Dr. Koichi ‘Kuroda, the
Osaka City Institute of Environmental Science and
Public Health, Japan for his technical advice.

REFERENCE

Ames, B. N,, J. McCann and E. Yamasaki(1975a),
Methods for detecting carcinogens and
mutagens with the Salmonella/mammalian-
microsome mutagenicity test, Mutation
Research, 31, 347-364.

Ames, B. N, H O. Kammen and E. Yamasaki
(1975b), Hair dyes are mutagenic:
Indentification of a variety of mutagenic in-
gredients, Proc. Nat. Acad. Sci{US.A.), 72,
2423-2427.

Bechtold, W.E., T. R. Henderson and A. R. Brooks
(1986), Isolation, identification and bacterial
mutagenicity of 2-nitro-9-fluorenone from
diesel- exhaust particle extracts, Mutation
Research, 173, 105-109.

Campbell, J., G. C. Crumplin, J. V. Garner, R. C.
Garner, C. N. Martin and A. Rutter(1981),
Nitrated polycyclic aromatic hydrocarbons:
Potent bacterial mutagens and stimulators of
DNA repair synthesis in cultured human
cells, Carcinogenesis, 2, 559-565.

Commonor, B., A. J. Vithayathil, P. Dolara, S.
Nair, P. Madyastha and G. C. Cura(1978),
Formation of mutagens in beef and beef ex-
tract during cooking, Science, 201, 913-916.

Doll, R.(1977), Strategy for detection of cancer
hazards to man, Nature, 265, 589-596.

Durston, W. E. and B. N. Ames(1974), A simple
method for the detection of mutagens in
urine: Studies with the carcinogen 2-acetyl
amino fluorene, Proc. Nat. Acad. Sci(US.
A.), 71, 737-741.

Gibson, T. L.(1983), Sources of direct-acting
nitroarene mutagens in airborne particulate
matter, Mutation Research, 122, 115~-121.



330 Young S. Yoo

Goto, S, A. Kawai, T. Yonekawa and H.
Matsushita(1982), Ultrasonic  extraction
method: A technique for mutagenicity moni-
toring of airborne particulates, J. Japan Soc.
Air Pollut., 16, 18-25.

Heath, C. W. Jr.(1978), Environmental pollutants
and epidemiology of cancer, Environ. Health
Perspect., 27, 7-10.

Hirose, M, M-S. Lee, C. Y. Wang and C. M. King
(1984), Induction of rat mammary gland tu-
mors by 1-nitropyrene, Cancer Res., 44,
1158-1162.

Hisamatsu, Y., H. Saito, A. Yamaguchi and K.
Sugita(1991), Mutagen formation by photo-
chemical reaction of pyrene and fluo
ranthene with nitrogen dioxide in atmo-
sphere, Proceedings of the 2nd IUAPPA Re
gional Conference on Air Pollution, 1, 321~
326.

Kier, L. D., E. Yamasaki and B. N. Ames(1974),
Detection of mutagenic activity in cigarette
smoke condensates, Proc. Nat. Acad. Aci.
(U.S.A.), 71, 4159-4163.

Kuroda, K. and Y. S. Yoo(1991), Enhancement of
mutagenicity of 1-nitropyrene by water as a
diluent, Arch. Environ. Contam, Toxicol., 21,
58-61.

Maron, D. M. and B. N. Ames(1983), Revised
methods for the Salmonella mutagenicity
test, Mutation Research, 113, 173-215.

Matsumoto, T, D. Yoshida, S. Mizusaki and H.
Okamoto( 1977 ), Mutagenic activity of amino

acid pyrolysates in Salmonella
typhimurium TA98, Mutation Research, 48,
279-286.

McCann, J., E. Choi, E. Yamasaki and B. N. Ames
(1975), Detection of carcinogens as
mutagens in the Salmonella/microsome
test: Assay of 300 chemicals Proc. Nat.
Acad. Sci. (US.A.), 72, 5135-5139.

Nagao, M,, M. Honda, Y. Seino, T. Yahagi and T.
Sugimura(1977), Mutagenicities of smoke
condensates and the charred surface of fish
and meat, Cancer Lett,, 2, 221-226.

Ohnishi, Y., K. Kachi, K. Sato, I Tahara, H.
Takeyoshi and H. Tokiwa (1980), Detection
of mutagenic activity in automobile exhaust,

Mutation Research, 77, 229-240.

Pitts Jr, J. N, D. Grosjean and T. M. Mischke
(1977), Mutagenic activity of airborne par-
ticulate organic pollutants, Toxicology Let-
ters, 1, 65-70.

Pitts Jr., J. N, KA. van Cauwenberghe, D.
Grosjean, J. P. Schmid, D. R, Fitz, W. L.
Belser Jr., G. B. Knudson and P. M. Hynds
(1978), Atmospheric reactions of polycyclic
aromatic hydrocarbons: Facile formation of
mutagenic nitro derivatives, Science, 202,
515-519.

Rosenkranz, H. S. and R. Mermelstein(1983),
Mutagenicity and genotoxicity of
nitroarenes, Mutation Research, 114, 217-
267.

Schuetzle, D.(1983), Sampling of vehicle emissions
for chemical analysis and biclogical testing,
Environ.Health Perspect., 47, 65-80.

Sugimura, T., S. Sato, M. Nagao, T. Yahagi, T
Matsushima, Y. Seino, M. Takeuchi and T.
Kawachi(1976), Overlapping of carcinogens
and Mutagens, Foundamentals in cancer
preventation, University of Tokyo Press, To-
kyo/Park Press, Baltimore, 191-215.

Sugimura, T., M. Nagao, T. Kawachi, M. Honda, T.
Yahagi, Y. Seino, S. Sato, N. Matsukura, T.
Matsushima, A. Shirai, M.Sawamura and H.
Matsumoto( 1977 ), Mutagen- carcinogens in
food, with special reference to highly muta-
genic pyrolytic products in broiled foods, Ori-
gins of Human Cancer,Cold Spring Harbor
Laboratory, U.S.A., 1561-1577.

Tokiwa, H, T. Otofuji, K. Horikawa, S. Kitamori,
H. Otsuka, Y. Manabe, T. Kinouchi and Y.
Ohnishi(1984), 1,6- dinitropyrene: Mutage-
nicity in Selmonella and carcinogenicity in
BALB/C mice, J. Natl. Cancer Inst., 73, 1359
-1363.

Tomatis, L., C. Agthe, H. Bartsch, J. Muff, R.
Montesano, R. Saracci, E. Walker and J.
Wilbourn{ 1978), Evaluation of  the
carcinogenicity of chemicals: A review of the
monograph program of the international
agency for research on cancer(1971 to
1977), Cancer Research, 38, 877-885.

Uyeta, M, T. Kanata, M. Mazzki and S. Rane



Mutagenicity of Diesel-Exhaust Particulates 331

(1978), Studies on mutagenicity of food
pyrolysates, J. Food Hyg. Soc.(Japan), 19,
216-223.

Wang, Y., S. M. Rappaport, R. F. Sawyer, R. E.
Talcott and E. T. Wei (1978), Direct- acting
mutagens in automobile exhaust, Cancer
Lett., 5, 39-47.

Xy, X. B, J. P. Nachtman, Z. L. Jin, E. T. Wei and
S. M. Rappaport{1982), Isolation and identi-
fication of mutagenic nitro- PAH in diesel-
exhaust particulates, Anal. Chim. Acta, 136,
163-174.

Yahagi, T., M. Nagao, Y. Seino, T. Matsushima and
T. Sugimura(1977), Mutagenicities of N-
nitrosoamines on Salmonella, Mutation
Research, 48, 121-130.

Yamasaki, E. and B. N. Ames(1977), Concentra-
tion of mutagens form urine by adsorption
with the nonpolar resin XAD-2: Cigarette
smokers have mutagenic urine, Proc. Nat.
Acad. Sci{US.A.), 74, 3555-3559.

Yoo, Y. S.(1985), Mutagenic and antimutagenic
activities of flavoring agents used in food-
stuffs, The J. of the Osaka City Medical Cen-
ter, 34, 267-288.

Yoo, Y. S. and K. Kuroda(1986), Cytotoxicity and
mutagenicity of airborne particulates, Annu-
al Rep. of Osaka City Inst. of Public Health
and Environmental Science, 48, 41-44.

Yoo, Y. 5.(1987), Air contamination in an under-
ground commercial floor assayed by gaseous
pollutants, dusts and mutagenicity, J. of
Korea Air Pollution Research Association, 3,
46~52.

Yoo, Y. S. and K. Kuroda(1988), Effect of light ir-
radiation on typical mutagens: Enhancement
of mutagenic activity of 4-intro-o-
phenylenediamine, a hair dye, Environmental
Mutagens and Carcinogens, 8, 99-104.

Yoo, Y. S.(1989), Nitroarenes, recently recognized
air pollutants, Korea J. of Environ. Health
Soc., 15, 1-9.

Yoo, Y. S. et al.(1991), Mutagenicity of airborne
particulate organic pollutants in Seoul, Pro-
ceedings of 2nd TUAPPA Regional Confer-
ence on Air Pollution, 1, 345-351.

Yoo, Y. S. et al.(1992), The evaluation of airborne
particulates with mutagenic activity as a car-
cinogenic indicator, Report submitted to
Korea Ministry of Science and Technology..



