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Physico-chemical Nature and Mutagenic Activity of
Ambient Dust in Seoul

Yong Chung

. This study deals with the serious pollution of Seoul’s ambient air and extends a warning regarding its adverse
effects on human health. The collected dust samples exceeded the legal standard (150 ug/m® of total suspend-
ed particulates) of ambient air quality. Fine particles, with an aerodynamic diameter of less than 2.5 um com-
prised on the average 75.4 percent of the total suspended particulates (TSP). The amount of ether extractable
organic matter (EEOM) of the fine particles was found to range from 3.6 to 7.1 percent. Neutral, acidic and
basic organics were fractionated. In the neutral fraction, aliphatic compounds (ALP), polyaromatic hydrocar-
bons (PAH), and polar neutral organic compounds (POCy) comprised 23.1, 37.8 and 39.1 percent, respectively.
Mutagenic activities of the organic fractions were determined by Ames bioassay. PAH showed the most mutagenici-
ty using Salmonella typhimurium TA98 strain and TA98NR (nitro-reductase activity deficient strain) in the presence

of $-9 fractions.

Key Words: Total suspended particulate (TSP), ether extractable organic matter (EEOM), neutral organic com-
* pound, acidic organic compound, basic organic compound, aliphatic compound (ALP), polyaromatic
hydrocarbon (PAH), polar neutral organic compound (POCx), Ames test, Salmonella typhimurium

TA98, Salmonella typhimurium TA98NR (nitro-reductase deficient strain) .

Korea is experiencing phenomenal economic
growth and unprecedented urbanization. This has in-
evitably led to a series of disturbances, frictions, dise-
quilibria and other undesirable side effects. The
excessive density of people and economic activities
in the large cities has resulted in profound changes
in environmental quality, transportation patterns, and
unbalanced regional growth. Korea’s environmental
quality management program began in earnest in
1980 when the Environmental Administration was
established. There has been much debate concern-
ing environmental pollution. Since the 1962 origina-
tion of five year economic development plans, air
pollution in the metropolitan and industrial areas has
exceeded the legal standards.

The legal standard is 0.05 ppm of sulfur dioxide
and 150 pg/m? of total suspended particulates in the
ambient air.
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According to the many investigations on air pollu-
tion and its hazardous effects, many efforts to con-
trol environmental pollution have been at tempted,
but the actual causative circumstances cannot always
be changed due to reasons of economic growth,
population growth and urbanization.

Kwon and Chung, Yonsei University, Seoul,
surveyed air pollution in Seoul in 1977, and their
results showed high concentrations of air pollutants
such as total suspended particulates, heavy metals and
benzo(a)pyrene which are known to be harmful to
human health (Kwon et al. 1978 and 1979). Cha and
Kim of Korea University, Seoul, performed the
mutagenicity test of air borne particulates in Seoul in
1983 using the Ames’ test. The high mutagenicity that
they observed could also be very harmful to human
health (Cha et al. 1983).

Many investigators are predicting a deterigration
in both environmental quality and human health
unless corrective courses of action against Seoul’s air
pollution are taken.

The seriousness of the effects of the air pollution
compels us to issue warnings to those with chronic
deseases such as respiratory deseases, carcinogenesis,
mutagenesis and teratogenesis. It is necessary that the
analysis of air pollutant components should be under-
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taken to assess the risk to human health and that ade-
quate antipollution measurements such as the
ambient quality standard of pollutants should be revus-
ed as well.

. The purpose of this study was to investigate the
hazardous effects of the components of suspended
particulates in the ambient air of Seoul.

METHODS

Sampling of Dust and Measurement of the Physical
Properties

" A airborne suspended particulates were sampled
for 5°or 7 consecutive days a month from January to
June, 1985 in the Shin Chon area of Seoul. The sampl-
ing point was an office building at the College of
Medicine, Yonsei University which is located next to
a major traffic road in a residential and commercial
area, Each sample was collected for 24 hrs from 9:00
AM to 9:00 AM of the next day. .

“The dust samples were collected by a Hivol-
Cascade 'impact sampler (flow rate, 400 f/min,
Model-130, Kimoto Co. Japan) which divided the dust
into fine particles (less:than 2.5 um aerodynamic
dlameter) and larger particles (greater than 2.5 um).

.The concentration and size distribution based on
;h’e ratio between the fine particles and the coarse
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Analysis of Chemical Componeiits

Dust samples were extracted with cyclohexane and
diethylether (2:8 V/V) (EEOM) and fractionated into
basic, acidic and neutral organic compounds using
ether and adjusting the pH (Fig. 1).

From the neutral fraction, aliphatic compounds,
polyaromatlc hydrocarbons (PAH), and polar neutral
organic compounds (POCy) were separated using thm
layer chromatography (TLC). -

The developing solvent for TLC was n-hexane,
cyclohexane, toluene and benzene (8:34:4:52 V/V)
(Ketseridis and Hahn 1975; Moriske et al. 1982).
Monthly samples were combined and represented as
one aggregate sample.

Mutagenicity Test

The mutagenicity of ‘each of the organic subfrac-
tions was determined using the Salmonella typhi-
murium mammaIian microsome bioassay by Ames
(Ames et al- 1975; McCann and Ames 1976; Maron
and Ames 1983)

For the sensitive nitro reductase deficient strain
mutagencity test, TA98 and TA98NR (the nitro-reduc-
tase deficient strain) were used (Seemayer 1978;

TA98 without S9
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Fig. 1. Flow diagram for the separation of organic compounds.
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Table 1. Aerodynamic component of suspended particulates in Seoul

(from Jan. to June 1985)

(Unit: ug/m?)
Period
No. Sam elzo Jan. Feb. Mar. Apr. May Jun.
- >3mp 6 5 5 6 6 8
ftem
ave. 249.2 247.2 2041 ‘_144‘7 155.8 163.0
TSP max. 399.2 472.8 288.1 212.4 240.8 368.2
min. 102.3 103.0 123.0 77.6 55.6 69.6
Fine article ave. 174.2 173.6 1453 114.0 116.4 124.6
p max. 251.2 336.7 193.2 172.4 180.8 3149
(<2.5 pym) . ;
min. 72.7 76.4 93.6 64.2 335 47.8
. ave. 751 736 58.8 30.7 39.4 38.4
Coarse particle :
max. 148.0 - 136.1 94.9 48.1 60.0 55.5
(>2.5 um) )
min. 29.6 26.6 294 13.4 221 21.8
Ratio(%) of ave. 69.9 70.2 712 78.8. 74.7 76.4
fine particle max. 84.0 74.9 84.0 84.7 82.3 85.5
to TSP min. 711 63.6 52.5 72.4 60.3 68.5

Table 2. Organic compounds of fine particles
(Unit: % in Average)

I .
Sample Jan. Feb. Mar. Apr. May Jun. Ave.
Item

1. EEOM 67 71 42 36 45 39 50
2. Neutrals/EEOM 46.7 59.7 48.2 53.4 51.2 46.6 51.0
3. Acidics/EEOM 111 9.8 16.9 27.9 18,5 19.5 17.3
4,

Basics/EEOM  12.4 15.1 13.5 18.7 17.6 13.8 15.2

Moriske et al. 1985).

The tests were carried out in the presence and
absence of S9 mix (50 ug/plate) prepared from rats
treated with Arochlor 1254..Each organic fraction was
dissolved in dimethylsulfoxide (DMSO) and 250 ug of
each was used per plate. Their mutagenicity was com-
pared with those of benzo(a)pyrene in the presence
of S9 and of 2-nitrofluorene in the absence of S9.

The revertants per plate were expressed as an
average of triplicate plates.

RESULTS

Physical Properties

The total suspended particulates (TSP) or dust
samples were separated into fine particles (less than
2.5 um) and coarse ones as shown in Table 1. TSP con-
centrations were higher in January, Feburary, and
March during the heating season.
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Table 3. Component analysis of neutral extracts from fine

- particles )
(Unit: % to the neutrals in average)

Sample )
Jan. Feb. Mar. Apr. May Jan. Ave.

Item

ALP 20.7 29.8 20.2 21.5 32.1 24.5 24.8
PAH 42.9 30.8 31.0 39.1 30.6 38.1 354
POCx 36.4 39.4 48.8 39.4 37.3 37.4 398

The concentration of ambient air fine particles was
relatively higher in winter than in spring and summer.

Chemical Composition

Using the fine particles, the ether extractable
organic matter (EEOM) was determined, and the
neutral, acidic, and basic components of EEOM were
also determined as shown in Table 2.

EEOM of the fine particles ranged from 3.6-7.1 per-
cent with an average of 5.0 percent. Seasonally the
EEOMs were higher in January and Feburary than in
the other months.

The neutral organic compounds comprised
46.6-59.7 percent of EEOM, while the acidics and the
basics made up 11.1-29.7 percent and 12.4-18.7 per-
cent of EEOM, respectively. '

Aliphatics (ALP), polyaromatics (PAH) and polaro-
rganic compounds (POCx) were extracted from the
neutrals as shown in Table 3.
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Table 4. Mutagenic activities of organic fractions

(Unit: Revertants/250 ug/plate)

Strai S9 . . f . .
rain 250 uglplate Jan Feb Mar Apr. Ave
added
PAH 1,400 1,080 1,260 564 1,076
Neutral :
ROCy 524 878 560 342 576
+ Acidic 784 97 166 66 278
Basic 238 160 99 91 147
EEOM 765 824 532 162 570
*Benzo(a)pyrene 364 i
TA98
**DMSO 33
PAH 886 970 - 440 298 649
Neutral
POCy 512 884 389 171 459
- Acidic 360 105 161 61 172
Basic 126 ’54 64 47 73
EEOM 452 362 263 102 295
*2-Nitro-fluorene 256
DMSO 34
PAH 1,320 1,456 914 208 975
Neutral .
POCy 392 310 258 376 334
+ Acidic - - - - -
Basic - - - - -
EEOM 810 688 490 209 549
TA9BNR Benzo(a)pyrene 450
DMSO 35
PAH 985 79 277 241 396
Neutral
POCy 346 292 188 165 248
- Acidic - - - - -
Basic - - - - -
EEOM 462 253 215 99 257
2-Nitro-fluorene 172
DMSO 23

ALP constituted 20.2-32.1 percent of the neutrals,
PAH 30.8-42.9 and POC, 36.4-48.8, respectively.

MUTAGENIC ACTIVITY

Table 4 and Fig. 2 show the mutagenic activities
of the organic fractions of the fine particulates which
is referred to as respirable dust. PAH was the most
mutagenic of the organic fractions tested, and PAH,
POC,, acidics and basics are shown in the order of
mutagenicity. The mutagenicity of the organic frac-
tions extracted from EEOM was approximately the

Number 1

*  2ug/plate added ** 100ug/plate added

same as the half-toxicity of the total samples.

The mutagenic activity of PAHs in the Ames test
with the S9 fraction was more sensitive than without
the S9 fraction, while no difference in the mutagenicity
of POCys in the presence or absence of the S9 frac-
tion was determined.

The mutagenic activites of strains TA98 and
TA98NR (nitro-reductase deficient strain) were com-
pared by organic fractions (Table 4); for PAH and
EEOM, two strains were shown to have almost the
same amount of activity. Concerning POCy, TA98 was
more senstive than TA98NR.

Mutagenicities varied with monthly samples; PAHs
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Dust filter samples
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Fig. 2. Mutagenic activities of organic fractions using Salmonella typhimurium TA98 with and without S9.

tested by TA98 with S9 were more mutagenic in the
January, Feburary and March samples than in the April
sample.

POC,s from January, Feburary and March were
also more mutagenic than that from April.

The January sample for acidics and basics was the
most mutagenic, while the April sample for EEOM was
the least mutagenic.

DISCUSSION

Although air pollution is dependent upon many
kinds of energy sources, the health hazards due to
air pollution are likely comparable in different areas.

Anthracite coal has been used for heating purposes
since the 1950's, and this has been one of the sources
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of suspended particulate air pollution in Seoul.

According to the Environmental Administration’s
report, with the exception of a residential area, the
metropolitan area of Seoul violated the legal en-
vironmental standards of air pollution with more than
150 ug/m? of total suspended particulate (TSP). These
measurements were collected from April to Auguest
1984 (Environmental Administration).

The TSP of the residential area in this study was
also close to the legal environmental standard.

In addition to measuring the concentration of TSP,
an analysis of its components is necessary in order
to significantly assess the health hazard. The diameter
of the aerosol is an important physical characteristic.
Fine particles, defined as those with a diameter of less
than 2.5 um, may be deposited in the lungs and
penetrate the alveoli by diffusion. There is a bimodal
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distribution associated with the size of the diameter.

This author surveyed the particle size distribution
of ambient air dust in the residential area of Seoul and
observed the bimodal distribution of the aerodynamic
diameters (Han, Chung and Kwon 1986). Usually
organic pollutants are most abundant on the.smallest
particles (3 um), the so-called accumulation mode (van
Cauwenberghe and vah Vaedck 1983).

Many investigators have already indicated that
polyaromatic hydrocarbons (PAH] are highly-toxic to
human beings as lung cancer agents (Menk et als.
1974). '

Lao et al. (1973) identified more than 70 polycyclic
aromatic hydrocarbons (PAH) in air. Some of them
have been confirmed as carcinogens and mytagens
(Miller 1970; Shubik and Hartwell 1969; Teranishi et
als. 1975; Kohan and Claxton 1983; Tokiwa et als.
1983; Nakagawa et -als. 1983; M@ller and Alfheim
1983; Fukino et als. 1982; Alink et als. 1983).

This author et al. had previously determined the
benzo(a)pyrene content of Seoul’s ambient. dust in
1977 and compared its concentration (5.8-10.9 ug/m?)
to that of other foreign cities (Kwon, Chung-and Lim
1978). Cha et al. (1983) examined the mutagenic ac-
tivity of methanol extracts from the airborne par-
ticulates of Seoul and warned of the hazardous effects
to residents health. Nevertheless, although the above
results cannot be extrapolated directly to adverse ef-
fects on human health, it is important that air pollu-
tion should be controlled.

The airborne dust components of Seoul In this

._study were compared with those of Berlin and Kobe:

ifge,%@grlin's dust was measured at the Technical

'Univ'e,r‘sity and Free University, Berlin in 1983-1984

(Moriske et al. 1985) and Kobe’s measured by the
Public Health Institute of Kobe in 1975 (Teranishi 1975)
as shown in Table 6. 7
" “The TSP of Seoul was higher than Berlin’s, while
the ether extractable organic matter (EEOM) of Seoul
was less than Berlin's.

This means Seoul dust has more inorganic com-
ponents, which might be caused by an emission

“source of air pollutant, climatological, or topographic

condition.
While the neutral fraction from EEOM of Seoul’s
dust was less than Berlin's, the basics of the Seoul dust

" was the highest among three areas. Seoul’s aliphatics

(ALP).were the same as Kobe’s and were less than
Berlin’s. Seoul presented the highest PAH content

vwhile Kobe’s POC, was the least.

The dissimilar values of the components suggest
different toxicities. When the mutagenicities were
cbmpared using the same amount of extract samples
(250 pg/plate) and the same strain TA98, the POCy
fraction of Seoul’s dust was similar to Berlin’s but the
PAH of Seoul’s dust was much greater as shown in
Table 7.

The different results from the Ames test with the
same organic fractions could also illustrate that
chemical component of the fractions may be different
as well.

The Berlin dust, from a domestic area, had higher

Table 5. A comparison of dust components among Seoul, Berlin and Kobe

Item Seoul

Berlin Kobe

Period sampled Jan.-June 1985

March 1983-Jan. 1984 Apr.-May 1975

Tsp (yg/m”

55.6-472.8 19.3-153.2
EEOM {range %) 36- 7.1 49- 479
‘ 5.0 19.2
Neutrals to EEOM (range %) 46.6— 59.7 62.6—- 95.5 54.7
(ave. %) 51.0 85.0
Acidics to EEOM (range %) 9.8— 27.9 2.4- 289 23.6
(ave. %) 17.3 12.3
Basics to EEOM  (range %) 12.4- 187 0.4- 28.8 1.9
{ave. %i 15.2 4.3
ACP to Neutrals (range %) 20.2- 321 8.5— 57.6 25.3
(ave. %) 24.8 34.3
PAH to Neutrals (range %) 30.8- 429 34— 36.4 11.8
(ave. %) 35.4 18.0
POC, to Neutrals (range %) 36.4- 48.8 28.4— 62.8 17.6
(ave. %) 39.8 47.4
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Table 6. A comparison of mutagenicity among dust com- ‘

ponents from Seoul, Berlin and Kobe
(Unit: Revertants/250 ug/plate)

Strain Organics Seoul Berlin Kobe

EEOM 162~ 824 116- 567 147

POCy 342- 878  188-1,027
TA98 PAH 564~1,400 33~ 365
+59  Acidic 66~ 784 33— 607 101

Basic 91- 238 16— 236 147

EEOM 102— 452 42— 262
POCy 171- 884 54~ 555 118

TA98 PAH 298— 970 0- 19 192
—59_ Acidic 61— 360 72— 372
Basic 47— 126 11- 84
benzene
Remark ether extracts ether extracts
extracts

concentrations of 2-fluorenaldehyde, anthroné, an-
thrachinone, and 2-nitrofluorene. The compound
primarily identified from the coal-firing emissions in
Berlin was 2-fluorenone, while in the heavily traffic-
ed sampling area, acenaphthenchinone, anthrachi-
none, benzanthrone and 1-nitropyrene also were
identified (Moriske 1985).

Energy sources, combustion devices and condi-
tions of combustion should be analyzed and based
on the identification of the pollutants, the appropriate
conditions should be employed to control the emis-
sion of the hazardous compounds.

It is suggested that in the future the particulate mat-
ter emitted from different sources such as auto-
mobiles, petroleum burners, anthracite burners etc.
from different areas should also be analyzed for
chemical components and tested for mutagenicity.
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