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ABSTRACT

Nitroarenes are ubiquitous environmental pollutants displaying potent mutagenicity
in bacteria and carcinogenicity in mammal.

In this study, the concentration of nitroarenes in coarse and fine particles and
mutagenicity of POCy fraction was investigated in suspended particulates at the
Shinchon and Bulkwang area of Seoul.

The suspended particulates were collected bimonthly by a high volume cascade
impactor air sampler from July 1987 to May 1988. Extractable organic matter was
obtained by ultrasonic extraction on diethly ether/cyclohexane (8/2, v/v). Neutral
fraction was obtained by liquid-liquid extraction. Polar neutral organic compounds
(POCy) was fractionated by thin-layer chromatography.

Finally, the concentrations of nitroarenes in POCy fraction were measured and
determined by capillary gas chromatography. Direct and indirect mutagenicity of
POCy fraction were measured using Salmonella typhimurium TA 98.

The result were as follows:

1) Major nitroarenes at the Shinchon area was 1-nitropyrene and at the Bulkwang
area it was 2,7-dinitro-9-fluorenone during the year.

2) Average concentration of total nitroarenes measured was 67.26 ng/m® in fine
particles which was 1,3 folds higher that in coarse particle (52.30 ng/m?3).
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3) Annual pattern of nitroarenes concentrations revealed that concentration during

heating season (Feb., Jan., Mar.) was 2.2 folds higher than that in non heating season

(May, Jul., Sep.). Concentration of each season has 157.68 ng/m?® and 80.39 ng/m3.

4) The mutagenic activity of POCy fraction from fine particles was higher compared

to that of coarse particles and was increased when metabolically activated, with S9

mixture. Mutagenicities, Metabolically activated, were significantly different between
Shinchon and Bulkwang area, 322.8rev/250 ug/plate and 286.8 rev/250 ug/plate,

respectively.

5) Annual pattern of mutagenicity of POCy fraction revealed that mutagenicity

during the heating season was 1.7 folds higher at Shinchon area and 1.2 folds higher at

Bulkwang than during the non heating season.

The variable contents and levels of nitroarenes in suspended particulates may affect

human health significantly. Further studies such as risk assessment should be conducted

on the basis of these kind of studies.
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Table 1. The Extractable Organic Matters (EOM) of Air Suspended Particulates Collected in Shinchon and

Bulkwang Areas, Seoul.

(unit : pg/m? () %)

Area Period Fine particulate Coarse particulate TSP
1987 Jul. 10.84(68.6) 4.97(31.4) 15.81(100.0)
Sep. 2.97(70.9) 1.22(29.1) 4.19(100.0)
Shinchon Nov. 7.18(70.0) 3.07(30.0) 10.25(100.0)
1988 Jan. 5.01(72.5) 1.90(27.5) 6.91(100.0)
Mar. 6.23(76.3) 1.93(23.7) 8.16(100.0)
May 1.39(75.5) 0.45(24.5) 1.84(100.0)
X+£SD 5.60+3.33(72.3) 2.26+1.59(27.7) 7.86+4.89(100.0)
1987 Jul. 4.59(73.3) 1.67(26.7) 6.26(100.0)
Sep. 4.04(70.0) 1.73(30.0) 5.77(100.0)
Bulkwang Nov. 3.93(69.4) 1.73(30.6) 5.66(100.0)
1988 Jan. 4.67(71.2) 1.89(28.8) 6.56(100.0)
Mar. 4.11(77.1) 1.22(22.9) 5.33(100.0)
May 1.27(77.9) 0.36(22.1) 1.63(100.0)
X+SD 3.77+£1.26(73.2) 1.43+0.57(26.9) 5.20+1.80(100.0)

TSP : total suspended particulate

Table 2. The Nitroarenes of Fine and Coarse Particles Collected (87. 7~88. 5) in Shinchon and Bulkwang

Areas, Seoul.

(unit : ng/m®, () : range)

Shinchon Bulkwang
Nitroarenes
Fine Coarse Total Fine Coarse Total
2-nitronaphthalene* 0.09+0.05 0.12+0.10 0.21 0.14+ 0.08 0.08+ 0.09 0.22
(ND~0.17) (ND~0.28) (0.05~0.29) (ND~0.25)
2-nitrofluorene* 1.44+0.74 0.55+0.32 1.99 2.07x 2.72 1.81+ 2.58 3.88
(0.37~2.52) (ND~0.92) (0.51~8.13) (ND~7.52)
3-nitro-9-fluorenone* 2.02+0.99 1.81£0.91 3.83 1.63+ 1.71 1.19%+ 0.88 2.82
(0.52~3.35) (ND~2.82) (0.71~5.07) (0.07~2.33)
9-nitro-anthracene** 1.24+0.43 0.46+0.13 1.70 1.48+ 1.23 0.79+ 1.04 2.27
(0.73~1.88) (0.33~0.73) (0.56~1.88) (ND~3.07)
1-nitropyrene* 14.70£8.40 9.08+6.25 23.78 11.44+ 5.56 6.39+ 3.41 17.83
(1.47~26.24) (1.71~17.24) (3.14~20.67) (3.15~12.75)
2,7-dinitro-9- 10.56+5.80 10.49+1.20 21.05 21.45+19.27 19.53+£15.41 40.90
fluorenone* (ND~19.21) (9.11~12.71) (ND~61.99) (8.75~52.51)
ND:0.001>, *:p<0.01, **:p<0.05(Shinchon vs Bulkwang), n=12
94 nitroarenese] LQGEE Al&x] oA nitroarenes F 71 w2 & WM

1-nitropyrenec] 1943 uv]Ad|d=lol) 4] 26.24 ng/m?
o2 7bg ko, d%TEE 14.70ng P2 ¥
A i Al nitroarenes® 713 =9tck(Table 3, 4),
2-nitronaphthalene-2 =|4] @ zdig] =l A} 7
7zt AsF 0.09ng/m? 0.12ng/m’e g FAciit

7} nitroarenest 7] Al Y AF7L 2o g =fol] u] 3led
B}F A 5.62ng/m?(l-nitropyrene)oilA] =]
0.20 ng/m®(2,7-dinitro-9-fluorenone) & x}o| & B
glori, 2-nitronaphthaleneg Zd]=x}7} wjAjg]
ARt HEFEst 0.03ng/m? E$k
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Table 3. Concentration of Nitroarenes of Fine Parti-
cle in Shinchon and Bulkwang Areas, Seoul.

(unit : ng/m®)

2-nitro- 2-nitro- 3-nitro-9-
naphthalene*  fluorene* fluorenone*

Period
SA BA SA BA SA BA
1987 Jul. ND 0.09 2.16 8.13 2.74 0.73

Sep.0.10 0.13 0.79 0.62 0.52 1.19
Nov.0.11 0.29 252 0.71 0.98 1.31
1988 Jan.0.17 0.20 0.37 1.15 3.35 5.07
Mar.0.09 0.09 1.55 1.31 252 0.75
May0.09 0.05 1.23 0.51 2.01 0.71

X+ 0.09% 0.14+ 1.44%+ 2.07+ 2.02+ 1.63+
SD 0.05 0.08 074 272 099 1.71

9-nitro- 1-nitro- 2,7-dinitro-

anthracene* pyrene* 9-fluorenone*
Period

SA BA SA BA SA BA

1987 Jul.1.60 4.50 1.47 3.14 19.21 61.99

Sep.0.73 0.67 22.43 11.25 9.11 ND

Nov.0.89 0.84 17.02 12.78 ND 16.90

1988 Jan.1.45 1.88 26.24 20.67 14.16 18.55

Mar.1.88 0.85 13.23 14.08 10.50 19.30

May0.89 0.56 7.80 6.70 11.10 11.93

X+ 1.24% 1.48+ 14.70+11.44+10.68+21.45%
SD 0.43 1.23 840 556 5.8 19.27
ND :0.001>, *:F<5.32(¢=0.05), heating season
vs non-heating season SA : Shinchon area, BA : Bul-
kwang area

i o ol mhebA dulbzlel 114, 14, 349
ulbkzlel 79, 949, 5%ol H®lsted HA ni-
troarenesol] A ¥-& 738 ¥l

ERAGANA g L FEE e 22 7Y
Z v] 4] #e) 2,7-dinitro-9-fluorenone & 61.99
ng/m*& el on o¥F 21.45ng/mPe . ¥
A o)A nitroarenes% 7} E9koh

B3T3 e o)) Ale} Ze)A}el nitroarenes
FE Aol HFE A2 8.09 ng/m*(1-nitropyrene)

oA Al 0.06 ng/m®(2-nitronaphtalene) 2] o)
€ 2o mAQlR7F 29 Alef wldte] EoF

AlEA A3 S A 7] LFEA ke Fa

2 nitroarenes®] %%+ l-nitropyreneo] 54¢] =
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Table 4. Concentration of Nitroarenes of Coarse Par-

ticle in Shinchon and Bulkwang Areas,

Seoul. (unit : ng/m®)
2-nitro- 2-nitro- 3-nitro-9-
naphthalene**  fluorene* fluorenone*
Period

SA° BA SA BA SA BA

1987 Jul. ND ND 0.92 7.52 2.28 1.47
Sep. ND ND ND 0.94 ND 2.09
Nov.0.15 0.14 0.40 0.50 1.82 1.21

1988 Jan.0.28 0.25 0.76 ND 2.11 2.33
Mar.0.13 0.03 0.85 1.16 2.54 0.09
May0.14 0.08 0.36 0.72 1.57 0.06

X+  0.12+ 0.08% 0.55+ 1.81+ 1.81+ 1.19+
SD 0.10 0.09 0.32 2.58 0.91 0.88

9-nitro- 1-nitro- 2,7-dinitro-

anthracene* pyrene* 9-fluorenone*

Period

SA BA SA BA SA BA
1987 Jul. 0.50 3.07 2.30 4.51 9.21 52.51
Sep.0.44 0.64 1.71 8.35 10.49 22.38
Nov.0.40 0.47 6.15 3.26 12.72 10.39
1988 Jan.0.38 0.37 17.24 12.75 10.94 12.51
Mar. 0.72 ND 10.44 6.68 10.44 10.62

May0.33 0.21 16.65 3.15 9.11 8.75

X+ 0.46% 0.79% 9.08+ 3.39+10.49+19.53%

SD 0.13 —1.04 6.25 3.41 1.20 15.41
ND:0.001>, *:F<532(e=0.05), **:F<11.26
(@=10.01), heating season vs non-heating season,

SA : Shinchon area

bl A 372.91ng/go 2 7B Eokor), o
& 161.00 ng/go & 1-nitropyrene?] =] 4] ¢z}l
A tjA nitroarenes® 7H¢ Egtet

=3} 2-nitronaphthalene =4l 3l Zcf 3] =}o
A 77 A%F 1.24ng/g7 2.69ng/ge g b
sk,

2. POCy2| E¢oly

Table 5+ nitroarenes?} Z3t%]o] 9l POCy
Eaie) £°4‘%‘i°]11“ + Yeld ZAez 7 plated
250 ng?} S#F& T3kt

HAAH o2 "‘lf:zl%i«] o] Al Y zp A o) AL A B}
Eqdu o] Y4 (o] 3} indirect acting mutagenicity)
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Table 5. Comparison of Direct and Indirect
Mutagenic Activites of POCy Fraction
Extracted from Neutral Fraction Using TA
98 between in Shinchon and Bulkwang
Areas, Seoul. (rev/250 pg/plate)

Fine Coarse
Area Period -
+Sg '—Sg +Sg —‘Sg
1987 Jul. 304 84 57 49
Sep. 100 66 276 104
Shin- Nov. 476 159 112 47
chon 1988 Jan. 566 259 198 59
Mar. 368 193 82 64
May 123 78 NT NT
X+ 322.8+ 139.8% 145.0x 64.6%
SD 186.9 77.2 90.5 23.1
1987 Jul. 695 113 105 35
Sep. 169 60 118 30
Bul- Nov. 452 130 106 43
kwang 1988 Jan. 428 136 106 43
Mar. 154 108 88 NT
May 123 96 NT NT
X+ 286.8t 107.2% 101.8+ 40.8%
SD 153.2 27.3 12.0 10.9
*B(a)p : +Sg—526 DMSO : +S,—
(2 ug/plate) —S,—22 —S—22
NT : not test
A F 322.8rev/250 pg/plate 7 Eghon,
%%ﬁ7h}-%5@ﬁﬂﬂﬂ°4ﬂﬂA%%%-
Aode] ZHIAF =l g4 FAMeIUA (o]

3} direct acting mutagenicity) o} 40.8 rev/250 ¢
g/platez 7b3 woket,
o] A|Q) A7t ZefQllell vldte] AA|H o2 E%
ow], AlEA o] PR Yol vlsle] m]AlqYRE]
1.8 =gkw,
direct acting mutagenicity® Al&x]do] &3]
odoll wlsted ZudAtell A 1.64, =]A|]]RlelA
1.3u7F E3ket
9y EBwolU4e AEAGA s
2425 rev/250 ug/plate, Blxb7]e] 1402 rev/250
pg/plated] vlsted 1.7¢) Egkeow, E3ASL
1812 rev/250 pg/plate, 1544 rev/250 pg/plate®.

indirect acting mutagenicity+
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